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STUDIES ON STRIPED MUSCLE STRUCTURE 

lll. THE COMPARATIVE HISTOLOGY OF CARDIAC AND SKELETAL 

MUSCLE OF SCORPION! 

H. E. JORDAN 

Department of Anatomy, University of Virginia 

TWENTY-ONE FIGURES 

I. INTRODUCTION 

The present investigation deals with the striped muscle of the 

Florida scorpion,? including the post-abdominal (‘tail’), pre- 

abdominal, cephalo-thoracic, leg, and heart muscle of both the 

adult and the new-born. In the latter material occur important 
developmental stages, which throw valuable light upon the more 
involved adult structure. 

As was to be expected the striped muscle of scorpion is very 
similar to that of Limulus, and accordingly conforms more 

closely to the vertebrate type of striped muscle than to the 

arthropod type as exemplified, for example, by the sea-spider, 

Anopoldactylus lentus, already described, and by certain insects. 

Apart from being, as far as I am aware, the first detailed micro- 

scopic study of this muscle, the chief value of this investigation 

inheres in the information it yields, by reason of the greater 

1 The two earlier studies of this series concerned the muscle of the king crab 

(Proc. Am. Assoc. Anat., Anat. Rec., Jan., 1916; complete paper in a forthcoming 

publication by the Carnegie Institution of Washington), and that of the sea- 
spider (Anat. Rec., vol. 10, pp. 493-508, 1916). The pertinent literature is fully 
reviewed in these papers, and a bibliographic list included, and will not here be 
repeated in detail. 
_ ? This material was very kindly furnished alive by Dr. William Patten, of 

Dartmouth College. It was variously fixed in the strong chrom-aceto-osmic 
solution of Flemming, and in the alcohol-nitric-acid solution of Zimmermann, 

and stained by the Heidenhain iron-hematoxylin method, in certain cases fol- 
lowed by Van Gieson’s stain. 

THE ANATOMICAL RECORD, VOL. 13, No. 1 
June, 1917 



2 H. E. JORDAN 

clearness in respect of some important details in this tissue, 

regarding the minute structure of striped muscle in general. 

These details concern especially: (a) the nature of the sarcolemma ; 

b) the relation of the telophragma to the sarcolemma and to 

the nuclear wall; (c) the mode of muscle growth and develop- 
ment, both with respect of the multiplication of the nuclei, and 
the increase in the number of the myofibrils; (d) the decisive 

evidence in contravention of the interpretation of striped muscle 

structure in terms of ‘muscle cells’ (Apathy; Baldwin) and extra- 

cellular myofibrillae, in analogy with connective tissue; and 

(e) the relation between the muscle fibrils and the tendon fibrils. 

The cardiac muscle of scorpion and of Limulus conforms with 
vertebrate heart muscle in its syneytial structure, in the more or 

less regular radial arrangement of the myofibril bundles (lamellae) 

and in the definite character of the relatively less complex cross 
striping. The skeletal muscle also of these forms agrees with 

vertebrate skeletal muscle with regard to the major stripes, and 
in the absence (or extreme tenuity) of the mesophragma and the 

accessory disk (N-disk) of Engelmann and Rollet, conspicuous 

in certain insect muscles. However, the cardiac and skeletal 
muscles of these forms are, in respect of minute structure, 

somewhat more closely similar than is the case in vertebrates 
generally, possibly the result of relatively closer functional 

similarity. Whether the above-named similarities between arach- 

nid and vertebrates’ muscles have genetic significance, as 
would seem probable on the basis of many other observations 
on other structures enumerated by Patten,’ or whether they indi- 
cate only functional equivalence remains an open question. 

Il. DESCRIPTIVE 

a, Skeletal muscle of adult 

The skeletal muscle fibers are long multinucleated elements 

tapering towards their extremities. They vary greatly in diam- 
eter in different regions of the body. Those of the post- 

* Patten, W. The Evolution of the Vertebrates and their Kin. Blakiston, 

Philadelphia, 1912 
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abdomen are very stout and of irregular form in cross-section 

(fig. 1 a and b); elsewhere in the body the fibers are of much 

smaller girth, more uniform in size and of an approximately cir- 

cular outline in cross-section. In respect of minute structure the 

skeletal striped muscle fibers of the several regions of the body 
are essentially identical. Hence the description may confine 

itself largely to the coarser fibers of the post-abdomen. 
In figure 1 a and 6 are illustrated two larger and more irregular 

fibers, in transverse section. The vesicular nuclei are located 

centrally within an irregular core of finely granular, very deli- 

cately reticular, sarcoplasm. Peripheral to this is a wide border 
in which the myofibrils are arranged in the form of lamellae 

radially disposed. Many of these lamellae show a peripheral 
split of greater or less depth, giving to these lamellae a Y or V 

shape. Certain lamellae show a double peripheral splitting. 

This condition most probably is a growth phenomenon, increase 

in the number of the lamellae, and the size of the fiber, being 

attained by a radial longitudinal fission of parent lamellae, as 

is the case in growing skeletal fibers of certain teleost fishes, 

e.g., the rain-bow trout. Certain fibers show a grouping of the 

lamellae into bundles, suggestive of Kolliker’s columns (Cohn- 
heim’s areas, in cross-section; fig. 1b) of mammalian skeletal 

muscle. The irregular form of the fiber in cross-section explains 

the variation in width of fibers as seen in longitudinal sections. 

The fibers are invested by a distinct sarcolemma, which varies 

in different fibers between a relatively coarse membrane and one 
relatively delicate. Closely adherent to the sarcolemma super- 

ficially is a more or less delicate and wide-meshed fibrillar con- 

nective tissue, with smaller more elongate and generally more 

chromatic nuclei. After Van Gieson’s stain the connective 
tissue (perimysium) is colored red, while the sarcolemma remains 

unstained. After prolonged staining in a solution concentrated 
with acid fuchsin, both the telophragmata (ground membranes; 

z-membranes) and the sarcolemma stain pink or red. 

In longitudinal sections the nuclei are seen to be elongate ele- 

ments with irregular sinuous or serrated contour (figs. 2 and 8). 

Such sections, properly stained with iron-hematoxylin, show a 
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distinet cross-striation essentially like that of vertebrate volun- 

tary striped muscle. The striations of the relaxed fiber include 
the lighter J-disk, the darker Q-disk, and the granular telo- 

phragma. There is not the slightest indication of an additional 
mesophragma (M-membrane) and the accessory disk of Engel- 

mann and Rollet (N-line). The granular telophragma stains 
relatively intensely. The granules represent swellings at the 
points where the myofibrils are attached to the telophragma. 
Centrally the telophragma passes through the sarcoplasmic 

non-fibrillar core and becomes intimately attached to the tips 
of the nuclear serrations. Within the core the telophragma 
appears non-granular and stains less intensely (fig. 2). Periph- 
erally the telophragma makes a close union with the sar- 

eolemma (fig. 3). This extra-fibrillar portion of the telophrag- 
mata is also non-granular and less deeply staining. The sar- 
colemma is usually festooned between successive telophragmata, 

probably a fixation artifact. The serrated character of the 
nuclear wall may be in part similarly an artifact. 

Figure 3, at the left, shows a peculiar condition frequently met 

with. Here the sarecolemmas of two adjacent fibers have be- 
come blended, and the common membrane has been thrown 
into a zig-zag form, the apices with their attached telophragmata 
alternating in the apposed fibers. Such result is made possible 
by reason of a local paucity or practical absence of inter-fiber 
connective tissue allowing thus of a fusion of the adjacent sar- 

colemmas. The process of such fusion can be pictured by ref- 
erence to illustration figure 4, which represents the tapering 
end of a fiber and part of an adjacent fiber. Here the connective 
tissue between the two fibers is relatively abundant and closely 
adherent to the highly festooned sarcolemmas. If we imagine 

the connective tissue removed, and the adjacent sarcolemmas 
thus brought together so that the crest of a festoon on one side 
fits into the trough between successive festoons in the apposed 
sarcolemma, then by a blending of the two sarcolemmas, and 
under the opposed lateral tractions of the attached telophrag- 
mata, the condition shown in figure 3 would become realized. 
Certain steps in such a process, especially the one where a double 
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sarcolemma without intervening connective tissue oceurs, can 

actually be traced in the sections. Similar conditions have been 
described in mammatian heart muscle (Heidenhain, ‘Plasma 

und Zelle’). 

b. Skeletal muscle of the new-born 

In the new-born scorpion not all of the muscles are equally 

well developed. Those of the cephalo-thorax, abdomen and 
legs seem in general functionally mature; though the oval, regu- 

larly contoured, and more chromatic character of the nuclei 
(figs. 5 and 6) indicate a lesser degree of progressive differentia- 

tion. Certain fibers in the region of the head are in the early 
stages of transformation of myoblasts into multinucleated fibers. 

Figure 5 illustrates a lightly-stained mature fiber of this 
stage, with a festooned sarcolemma closely adherent to which is 

a fibrillar connective tissue. Figure 6 is more deeply stained 
and thus shows a more conspicuous Q-disk and the granular 
telophragmata. This fiber is moreover distorted, apparently 

by a force causing compression along the longitudinal axis. 

The folding or bending thus produced caused an alternate bulg- 

ing on opposite sides, and the bend and the bulge are always 

along the levels of the telophragmata. This phenomenon 

demonstrates a firm connection between myofibrils and the telo- 

phragmata. It demonstrates also the absence of a mesophragma 

of a structure similar to that of the telophragma. 

In figure 7 is illustrated a mid-phase of contraction. Here a 
new disk, the H-disk (of Hensen) becomes conspicuous. ‘The 

H-disk is an incident of contraction. Figure 8 illustrates the 

completely contracted condition, in which darker contraction 

bands alternate with lighter disks of approximately equal or 

somewhat greater longitudinal width. 
Figure 9 represents a contracted fiber upon which is super- 

posed terminally a traction stress. Under such conditions a 
flexible mesophragma (M-membrane) if present, but supposedly 

ordinarily invisible in vertebrate striped muscle because of its 
alleged tenuity, should be brought into view by reason of a 
thickening after release of lateral tension. Such was the case, 
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as previously described, in the leg muscle of the sea-spider. But 

in the scorpion striped muscle no mesophragma becomes 

discernible. 

In figure 10 is shown the region of transition from a small 

fiber of the jaw to its connecting tendon. The myofibrils and 
tendon fibrils are in direct continuity, the latter apparently 

representing modification products of the former. The tendon 
stains more deeply than the muscle in iron-hematoxylin prep- 
arations, and faintly red after Van Gieson’s stain. The cross 

stripes fade out at the level of transition from the muscle to the 

tendon. 

In the head region certain fibers can be seen representing early 
stages in the metamorphosis of a myoblast into a long multinu- 

cleated striped fiber. Figure 11 illustrates a myoblast with 
four nuclei, the next to the lowermost one in process of amitotie 

division. The lower extremity shows also a transition to the 
developing tendon. The sarcolemma is relatively delicate. 
The myofibrils are relatively compact, and give to the cell a 
relatively deeper color. No cross striations have yet appeared. 

Such arise first terminally and appear progressively towards the 
center. The first striations are the telophragmata; the Q-disks . 
appear only some time later. The nuclei multiply by direct 

division. Coincident with the nuclear multiplication and the 

appearance of striations, the fiber elongates. During this proc- 
ess fibers occur in which as many as twenty nuclei may be counted 
in close series in a relatively short extent of the central sarco- 
plasmic core. 

Figure 12 shows two adjacent young fibers from the anterior 
region of the cephalo-thorax. The peripheral lamellae of myo- 

fibrils occupy less than a third of the radius. A few lamellae 

may be seen in process of radial longitudinal splitting, by which 
event the lamellae are increased in number and the fiber grows 
in diameter. 

c. Cardiac muscle of the adult 

The heart tube consists of a single layer of muscle fibers 

trabeculae), invested peripherally by a layer of connective 

~~ 
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tissue (pericardium). Both the scorpion and the Limulus heart 
lack an endothelial lining. The myocardial fibers are for the 

most part arranged in an oblique circular direction. The 

original fibers have anastomosed in the adult heart so as to form 
a continuous, branching, spirally disposed, syncytial muscular 

membrane. ‘The fibers of this membrane vary in the degree of 

compactness and the diameter of their cross-section. In a 
medial longitudinal section of the heart tube groups of from three 
to four or more, compacter cross-sections alternate with a similar 

number of looser cross-sections. In the transverse direction 

also the more compact portions of the fiber alternate with the 

loose portions due to the spiral arrangement of the trabeculae. 

And in paratangential section, the compacter portions may be 

seen to pass by gradual stages into the looser portions of the 

opposite side. It appears probable that the compacter portions 

represent the extremities of the original myoblasts. According 

to this interpretation the derivatives of an original myoblast 

would extend for about two and one-half turns around the adult 

heart. 
Figure 13 illustrates a transverse section through a more com- 

pact portion of a myocardial fiber. The nuclei are located 

centrally in a coarsely granular sarcoplasm. The delicate sar- 

colemma bounds a peripheral layer of similar construction. 

Between the peripheral and the central granular sarcoplasmic 

areas, the plates of myofibrils are radially disposed, and grouped 

into smaller bundles which anastomose internally, thus giving to 

the heart musculature a double-syncytial character, as in Limu- 

lus. A few of the lamellae are split peripherally. At the lower 
pole of the drawing, the point where the fiber curves from a 

lateral to a ventral position, the lamellae are cut very obliquely. 

The heart muscle fiber in longitudinal section is practically 
identical with the skeletal muscle fiber (figs. 14 and 15). This 

very close similarity between heart and skeletal muscle fiber was 

striking also in the case of Limulus. In figure 16 is shown a 

bundle of fibrils in extreme contraction. The change in shape 

of the nucleus, and the finely serrated character of its wall, as 

compared with conditions in figure 14, demonstrate a very firm 

union between the telophragmata and the nuclear membrane. 
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d. Cardiac muscle of the new-born 

The heart tube of the new born scorpion is very like that of 

the adult, except that the syncytium is less compact, the fibers 

are smaller and more regular in cross-section, the nuclei are 

etouter, have a more regular contour, and are somewhat more 

chromatic, indicating a lesser degree of differentiation; and the 

myofibril lamellae are relatively few in number and more reg- 

ularly disposed radially without any segregation into smaller 

bundles (fig. 17). A few lamellae are undergoing a longitudinal 

fission. 

As indicated by the form of the nuclei, different portions of 

the myocardium are at different stages of differentiation. In 

the younger portions, the nuclei are actually multiplying by 

direct division (fig. 18); in other portions, practically adult con- 
ditions obtain (fig. 19). Certain portions have suffered contrac- 

tion, imposed extraneously possibly by the coagulation effect of 
the fixing fluid; in such portions the nuclei are strikingly modi- 

fied (fig. 20), in that they are shortened longitudinally, caused 
to widen transversely, and the peripheral serrations are greatly 

accentuated. Also the telophragmata are less widely spaced 
in such regions. The conditions shown in figure 20 can be 

readily conceived as derived from figure 19, where also four 
serrations with attached telophragmata are present, by com- 

pression exerted at right angles to the long axis of the fiber. 
Figure 21 illustrates a similar condition, and shows besides a 

stage in the direct division of the larger nucleus; and a mass 

of nucleated connective tissue is shown at the right. The plane 

of nuclear division passes between successive serrations, which 

brings it to pass that the daughter nuclei retain their connec- 

tion with the telophragmata. 

Ill, DISCUSSION AND CONCLUSIONS 

One of the most striking facts regarding the scorpion muscle, 

as also regarding the Limulus muscle which it very closely re- 

sembles, is the essential identity in microscopic structure be- 
tween the cardiac and the skeletal muscle. The axial loca- 

tion of the nuclei, the radial lamellar arrangement of the myo- 
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fibrils, and the relative simplicity of the striations all indicate 

a relatively low degree of differentiation. This circumstance is 

probably a reflection of a relatively low functional requirement 

and a coincident approximate similarity of action. Muscular 
movement is in both instances leisurely, and the meagre re- 

quirements are presumably satisfactorily met by a relatively 

simple structural condition. 

Furthermore, the ‘minute structure of the scorpion muscle 

resembles closely vertebrate striped muscle (especially cardiac 

muscle; note figs. 1 to 3). As a subdivision of the arthropods 

the muscle of the arachnids might be expected to resemble 
closely that of insects. But there is not the slightest indica- 

tion of the mesophragma and the accessory disk of Engelmann 

and Rollet (N-disk), conspicuous in certain insect muscles. 

The fact that the mesophragma is not discernible in a fiber like 

the one shown in figure 9, where the contracted fiber has been 

stretched terminally, leads me to conclude that a mesophragma 
is actually absent in this muscle; and that this membrane is 

characteristic only of very highly differentiated fibers. More- 

over if a mesophragma occured, of the same nature as the telo- 

phragma as is claimed by Heidenhain, we should expect, under 

the conditions represented in figure 6, a double series of fold- 
ings, that is, at the levels of the alleged mesophagmata as well 

as at those of the telophragmata. Whether the similarity here 

also, that is, between the muscle structure of certain arachnids 

(scorpion; Limulus) and vertebrates (as is more probably the 

case as between cardiac and skeletal muscle of these forms) 
signifies likewise only a functional equivalence, or whether it has 

any phylogenetic significance, —-or possibly both—is a question 

whose further consideration lies outside the scope of this investi- 

tion. All that need be said by way of interpretation is that 

these additional facts harmonize with Patten’s theory of the 

arachnid origin of Vertebrates.‘ Moreover, both the scorpion 

* Among the large body of evidence presented in support of this theory Patten 
noted that “The arachnids resemble the vertebrates in more general ways, as in 
the minute structure of cartilage, muscle, nerves, digestive and sexual organs,’ 

(p. XVIII, Historical Sketch); but he nowhere illustrates or describes in detail 
the microscopic structure of the arachnid striped muscle. 
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and Limulus myocardia are syneytial in structure, very like 

the myocardium of vertebrates; but the scorpion cardiac mus- 

culature is only one fiber in thickness, while that of Limulus. is 

many fibers thick; and both musculatures practically lack longi- 

tudinally disposed fibers. 

The observations above recorded regarding the relation of 

the telophragmata to the nuclear wall, when taken in connection 
with similar observations in Limulus muscle and that of cat 

and mouse,’ would seem to definitely dispose of any further 
profitable attempt to interpret striped muscle in terms of ‘muscle 

cells,’ and extra-cellular myofibrillae. The close union between ~ 

the telophragmata and the myofibrils, sarcolemma, and serra- 

tions of the nuclear membrane, above described, demonstrate 

that the fiber is the cellular unit. There can remain no longer 
any question of a smaller definitive cellular element. More- 
over, the history of the development of the myoblast disproves 

such interpretration. The myoblast is a stout fusiform cell, 

enveloped by a membrane which becomes the definite sarco- 
lemma and supplied with a nucleus which divides repeatedly 
by amitosis. The cell becomes measurably elongated, showing 

first more and more conspicuously the telophragmata and then 
the Q-disks appearing in a medial progression, the simple myo- 

blasts thus becoming transformed into the definite multinucleated 
striated muscle fiber. 

Another interesting similarity between this muscle and that of 
vertebrates concerns the manner of growth. This is by radial 
longitudinal splitting of the myofibril-lamellae, a process sub- 
stantially identical with that occurring in embryonic fibers of 
certain teleost fishes, e.g., the rain-bow trout. 

‘This radial disposition of the myofibril-lamellae resembles also 
the condition in the adult heart muscle of vertebrates. But in 
the latter the fibrillar constitution of the lamellae is readily 

discernible in cross-sections of the fibers. In the case of the 

scorpion and Limulus skeletal fibers the finer fibrillar condition 

Jordan, H. E. The microscopic structure of mammalian cardiac muscle 
with special reference to so-called muscle cells. Anat. Rec., vol..8, 1914. 
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of the lamellae is much less conspicuous and occasionally quite 

impossible to recognize in transverse sections; in the cardiac 
muscle of these forms the myofibrils are less compactly aggre- 

gated into lamellae, and in consequence are easier to distin- 
guish. The condition in the post-abdominal muscles approaches 

that described for certain insect wing-muscle, e.g., Libella, in 

which, according to E. Holmgren® the radial lamella cannot be 

further analyzed into constituent fibrillae. But when one 

observes the scorpion muscle very carefully, especially in thin 

longitudinal section under the oil-immersion lens, one may 
satisfy himself that the lamellae here actually do consist of fine 

myofibrillae, some of which appear to cross between adjacent 
lamellae. Moreover when the coarser myofibrils are carefully 
followed for some distance, they may be seen to resolve into 

still finer fibrillae, to the limit of visibility. The internal fibrillar 

(lamellar) constitution of this muscle fiber thus appears to be of 
a syneytial character, and the evidence with respect to the 
successively finer resolution of the lamellae into more and more 

delicate myofibrillae offers support to Heidenhain’s protomere 

hypothesis of histologic structure as applied to striped muscle, 
namely, that the ultimate vital units are metamicroscopic 
fibrils.’ 

This material shows also very clearly that the tendon is a 

derivative of the myofibrils. Mvyofibrils and tendon fibrils are 

in direct continuity; the sarcolemma apparently blends with the 
more peripheral tendon fibrils. 

A feature of Limulus heart muscle which brought still closer 

the similarity between its structure and vertebrate cardiac 

muscle was a simple type of intercalated disk. Such disks could 

not be detected in the scorpion heart. This does not necessarily 

mean that they were not actually present somewhere, nor that 

they could never appear in any heartof any age or any condition 
of functional strain. Suchastatement could only be made with 

approximate certainty if a complete heart tube of an old speci- 

men were carefully searched, which has not been done. Even 

® See Heidenhain, M. ‘Plasma und Zelle,’ p. 581, 1911. 

* Heidenhain, M. ‘Plasma und Zelle,’ p. 582. 
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in adult Limulus such disks are comparatively rare. If my 

hypothesis, which is supported by a number of suggestive obser- 

vations, and is in harmony with the actual histologic facts, is 
correct, namely, that these disks represent irreversible contrac- 

tion bands, possibly the result of a local impairment of function, 
then one would perhaps hardly expect such disks ordinarily 

in the seorpion heart; but they might possibly occur sparsely in 

aged specimens. 

The blending of the sarcolemmas of two adjacent fibers, and 

the ensuing alternation of the tips of the resulting zig-zag 

membrane, and of the attached telophragmata calls for discus- 
sion. It is interesting to note that essentially identical struc- 

tures occur in vertebrate and human heart muscle.’ The inter- 

pretation which at once suggests itself regarding this alternation 

of structure between the apposed surfaces, is that the adjacent 

fibers have been drawn slightly in opposite directions by the 
tensions exerted during development or function. But Heiden- 

hain calls attention to the fact regarding vertebrate cardiac 

muscle, in opposition to this interpretation, that the numerical 
relationship of the serrations and the attached telophragmata 
on the two surfaces of the common sarcolemma is always as n to 

n + 1; and he is led to the explanation of this phenomenon as 
the result of a spiral distortion of a fiber about a longitudinal 
axis. 

The simpler conditions in the scorpion skeletal muscle lend 
support to Heidenhain’s hypothesis. In the case illustrated in 

part in figure 3 the conditions are as follows: the two fibers are 
from the peripheral region of a post-abdominal segment; the 
fiber at the left comes to a point above, the fiber at the right 
terminates similarly below; above and below near the termini of 
the pointed ends the telophragmata of the two fibers are at the 
same level; between these points, the telophragmata of the ad- 
jacent fibers alternate in such a manner as to leave fifteen sar- 
comeres on the left and only fourteen on the right. The pointed 
termini of the two fibers at the opposite end of this field may 
be accounted for by the assumption of a spiral twisting about a 

* Heidenhain, M. ‘Plasma und Zelle,’ pp. 541 to 544; 615 to 617. 
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common axis, producing thus in a longitudinal section the 

asymmetrical alignment of the opposite sarcomeres, according 

to the conception of Heidenhain. It should again be noted that 
there is with respect of this phenomenon also a very close simi- 
larity between scorpion skeletal muscle and mammalian heart 

muscle. 
One of the most puzzling and interesting features of the de- 

veloping scorpion muscle, both skeletal and cardiac, concerns the 

multiplication of the nuclei by the direct method of division. 

Not a single mitotic figure appears in the muscle tissue of this 

form; but abundant instances of amitotic nuclear division may 
be seen. The plane of division is always between successive 

points of attachment of the telophragmata, so that the daughter 

nuclei remain suspended by these membranes. But in this con- 

nection it should be noted that in the earlier stages of meta- 

morphosis of the myoblast into the muscle fibers, when nuclear 
multiplication is most active, telophragmata are not present, 

at least not in such complete form as to be recognizable under 

the ordinary magnification. Such device would seem to aid, by 

reason of the absence of possible restraining membranes, the in- 

tensive and rapid multiplication of the nuclei, necessitated by 

the metabolic requirements of the young, rapidly differentiating 

muscle fiber. 

This material would seem to offer a favorable opportunity for 

the study of the underlying causes of amitotic nuclear division 

as opposed to karyokinetic division. This may constitute the 

basis of a future investigation. Since the technic here employed 
failed to disclose a centrosome or archoplasmic substance, it 
must remain uncertain whether such is actually lacking or 

whether it simply was not visibly preserved. In consequence 

no final argument can be made on the basis of this material for 

or against the hypothesis that amitosis is the consequence of 

some factor which puts a restraint upon the activity of the cen- 

trosome substance in a growing tissue. However, in the certain 

absence of pathologic factors here, it might with some reason be 

assumed that the possible restraining agent might be lack of 

relatively adequate nutriment, caused by the rapidity of growth 
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and differentiation of the myoblast, and thus interfering with 

centrosomal activity. However this may be, it seems clear, in 
view of the double function of the nucleus, namely, as an organ 

in control of constructive metabolism and of specifie heredity, 

that the requirements of growth and differentiation are amply 

met by the increase and distribution of nuclear materials by 
direct division. The cause of amitosis in this muscle may 
inhere in an economic adaptation to essential needs, rather than 

in an indirect restraining influence upon the activities of the 
karyokinetic mechanism. 

The regular reticular system of telophragmata and sarco- 

lemma is so conspicuous and robust that one feels inclined at 

first sight to interpret the whole mechanism as a connective 

tissue derivative. And the absence—whether apparent or real 

is uncertain—of the telophragmata in the myoblast and in early 
stages of transformation into the muscle fiber, gives further 

strength to this inclination; as also the fact of the very close 

union between connective tissue and sarcolemma. But two 

chief facts negative any such interpretation: (1) the intimate 

union between telophragmata and the nuclear membrane; (2) 
the difference in staining reaction to Van Gieson’s solution of the 
connective tissues and the sarcolemma; and the similar lack of 

affinity of the sarcolemma and the telophragmata for the acid 

fuchsin. The first point is in harmony with the derivation of 
the telophragmata from the cytoreticulum of the myoblast, by — 

process of condensation and growth and a rearrangement into 
rectilinear meshes, somewhat according to the suggestion first 

made by MacCallum.’ Similarly, the sarcolemma is the adult 
representative of the original cell membrane. 

The decided festooning of the sarcolemma in this material 
raises the question of the causal factor in the production of this 
condition. Huber suggests on the basis of his studies of rab- 
bit voluntary striped muscles in teased preparation that ‘the 

*MaeCallum, J. B. On the histology and histogenesis of the heart muscle 
cell Anat. Anz., Bd. 13. 1897 

'* Huber, G. Carl. On the form and arrangement in fasciculi of striated volun- 
ary muscle fibers. Anat. Rec., vol. 11, p. 166. 
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festooning of the sarcolemma, described by certain authors, 

may perhaps be brought in relation with the ends of myofibrils 
which do not extend the entire length or the muscle fiber.’ It 

is impossible for me to speak with certainty regarding the length 

of the separate myofibrils in the scorpion or the Limulus muscle. 
One gets the very clear impression from a study of thin longi- 

tudinal sections that the large myofibrils are divisible into fine 

fibrillar components, and that the entire fibrillar constituent 
forms a loose meshwork or syneytium. On this basis one might 

perhaps legitimately conclude that many of the myofibrils at 
least do not extend the entire length of a fiber. But the rather 

intimate interconnection of the entire fibrillar component of the 

fiber, coupled with the fact of the continuity of the terminal 

myofibrils and the sarcolemma with the tendon fibrils, makes 

difficult the application of Huber’s suggestion in regard to the 

formation of the festoons of the sarcolemma. The explanation 

that most strongly suggests itself to me, as the result of my ob- 

servations in the scorpion muscle, is that, due to the intimate 

union between myofibrils and the telophragmata and between 

the latter and the sarcolemma; and the difference between the 

contraction effect of the fixing fluid upon the myofibrils and 

the sarcolemma, the latter is foreed to bulge in order to adapt 

itself to the greater shortening of the successive sarcomeric por- 

tions of the involved myofibrils. The same phenomenon would 

result in the case of functional contraction. 

EXPLANATION OF FIGURES 

The illustrations were made with the aid of the B. and L. drawing camera, 
the details being added free hand. The magnification in all cases is 1500 diam- 

eters, reduced one-third in reproduction in figures 1 to 12, one-fourth in figures 
13 to 21. Unless otherwise specified the technic employed was fixation by Zim- 
mermann’s alcohol-nitric-acid solution followed by the iron-hematoxylin and 

Van Gieson’s stains. 
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Fig. 1 Transverse sections of two large fibers from the post-abdomen. The 
fibers vary greatly in shape and diameter in cross-section. The nuclei are cen- 

trally placed in a very delicately reticular sarcoplasm free of myofibrils; they 
are circular or oval in cross-section. The fibers are closely invested by a sar- 
colemma of varying delicacy, which does not readily take the Van Gieson’s 
stain. Intimately adherent to the sarcolemma is a more superficial fibrillar 
connective tissue (‘perimysium’) which stains a more or less deep red in Van 
Gieson’s mixture. The myofibrils are arranged in the form of radially disposed 
plates, many of which lamellae are in process of longitudinal fission, probably a 

growth phenomenon. The cleavage is initiated peripherally so that many of the 
plates have the form of a V or Y in cross-section. In b the myofibril-plates are 
aggregated into columns (the probable analogues of Kélliker’s columns of mamma- 

lian striped muscle) suggesting in cross-section Cohnheim’s areas. The smaller 
cephalo-thoracie and leg muscles are nearer the size of these myofibril columns. 
The shape of their cross-section explains the variations in width seen in longi- 
tudinal sections of the post-abdominal muscles. 

Fig. 2 Portion of a longitudinal section of a post-abdominal muscle in the 
relaxed condition, including three nuclei. The sarcolemma is not indicated. 

The fiber contains centrally a continuous non-fibrillar sarcoplasm; this sarco- 

plasmic core contains an extremely delicate cytoreticulum and occasional small 
masses of granules (myochondria). The nuclei have an irregular or spinous 

contour in longitudinal section, in part possibly the result of fixation distortion. 

To the apices of the peripheral projections or ridges are attached the telophrag- 
mata or ground (Z) membranes. Where the latter pass among the peripheral 
myofibrils they have a granular appearance. The granules stain more deeply 
and mark the point of attachment of the myofibril to the telophragmata (fig. 6). 

Besides the telophragmata there can be distinguished in the relaxed myofibrils 
also the J-and Q-disks. Not the slightest indication of an H-disk or a meso- 
phragma (M-membrane) appears. 

Vig. 3 Portion of a longitudinal section of a fiber including both surfaces, 

and the periphery of an adjacent fiber, showing besides the above-enumerated 
features also the sarcolemma. The latter is regularly festooned between suc- 

cessive telophragmata, to which it is intimately attached. Peripherally, beyond _ 
the myofibrils, the telophragma is non-granular. At the left where the two fibers 

are apposed, the intervening common sarcolemma assumes a zig-zag character, 

the telophragmata of the adjacent fibers alternating, and so drawing the crests 
of the ‘festoons’ into sharp points. It seems probable that in such cases the 
adjacent sarcolemmas become intimately blended through the medium of a 

sparse amount of intervening connective tissue (fig. 4), the close approximation 

(and fusion) and the alternation of the opposite telophragmata being the result 
of a spiral torsion about a common axis of the two adjacent fibers. 

Fig. 4 Portion of a paratangential section through the tapering end of a 

fiber, and the periphery of an adjacent fiber. In this case the inter-fiber con- 
nective tissue is more abundant, and so prevents a blending of the sarcolemmas. 
This illustration shows well also the non-granular character of the extra-fibrillar 
portion of the telophragmata. The condition shown in figure 3 could be derived 

from the one here illustrated by an interlocking of the festoons of the adjacent 
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fibers, so that the crests of one would fit into the troughs between successive 

opposite festoons, and a subsequent blending of the sarcolemmas. 

Fig. 5 Portion of a longitudinal section of a fiber from the cephalo-thorax 

of the new-born. This fiber isin the relaxed condition. Note the oval, regularly 
contoured, and more chromatic character of the nucleus in these younger fibers. At 

the left is shown the connective tissue, with one nucleus, closely adherent to the 

festooned sarcolemma. The connective tissue stains red in Van Gieson’s solu- 
tion; the sarcolemma remains unstained. When the staining process is greatly 
prolonged the telophragmata as well as the sarcolemma are colored red. 

Fig. 6 Portion of a longitudinal section of a relaxed fiber from the same 
region, distorted by a compression-stress acting at right angles to the long axis 
of the fiber. The line of transverse bending is always at the level of the telo- 

phragma, thus demonstrating the close attachment of the myofibrils to the 

ground-membrane, and the absence of an additional membrane (mesophragma) 
of the nature of the telophragma. 

Fig. 7 Portion of a longitudinal section of a fiber from the same region at a 
mid-phase of contraction. An additional H-disk has now made its appearance. 

Fig. 8 Portion of a longitudinal section of a contracted fiber from the same 
region, showing the contraction bands alternating with lighter disks of ap- 
proximately twice the longitudinal width. The positions of the telophragmata 
are indicated by the contraction-bands. At the right is shown the relatively 
coarser sarcolemma. 

Fig. 9 Portion of a longitudinal section of a contracted fiber from the jaw 
region. Upon the contracted condition is superposed a longitudinal traction. 
This circumstance should bring into view the mesophragmata if actually present 
(as is the case in certain insect muscles); but not the slightest indication of such 
a membrane appears. 

Fig. 10 Longitudinal section of a small fiber from the head region at the 

extremity where it is attached to the chitinous exoskeleton by a short tendon. 
The fibers of the latter are directly continuous with the myofibrils; they stain 
somewhat more deeply in ordinary preparations, and pink after Van Gieson’s 
stain. 

Fig. 11 Longitudinal section of a large multinucleated myoblast from the 
head region. The myofibrils are more compactly arranged and hence cause the 
fiber to stain relatively more deeply. No cross-striations have yet made their 
appearance. Such appear first towards the extremities in slightly older myo- 
blasts, and progress centrally. At the lower extremity the tendinous connection 
is differentiating from the myoblast fibrils. The definitive striped muscle fiber 

arises by process of elongation of a single myoblast. Such fibers become multinu- 
cleated by a process of nuclear amitosis. In slightly older stages as many as 
20 nuclei have been counted in series in the same, relatively short, sarcoplasm- 
core. 

Fig. 12 Transverse sections of two adjacent young muscle fibers from the 
head region of this same specimen. The myofibril-plates are radially disposed, 
of relatively short width, and only a few are in process of longitudinal fission. 

Fig. 13 Transverse section of a smaller trabecula (fiber) of the cardiac syn- 
cytium from a paramedial longitudinal section of the heart tube. (Flemming’s 
fluid; iron-hematoxylin stain). The heart-tube wall is one trabecula in thickness. 
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The nuclei are centrally located in a granular, very delicately reticular, sarco- 
plasm, free of myofibrils. The myofibrils are peripherally arranged in radial 
lamellae, which increase in number by longitudinal fission. The lamellae are 

gathered into smaller bundles, or sub-trabeculae, which anastomose freely and 

thus form with the main trabeculae or fibers a double syneytium, as in the Limulus 
heart. The ‘fibers’ are invested by a delicate sarcolemma, between which and 
the pericentral myofibril-lamellae is a frequently relatively extensive, coarsely 
granular, non-fibrillar sarcoplasm. At the lower border of this section, at which 
point the ‘fiber’ turns from the lateral to the ventral wall of the heart tube, the 
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lamellae are cut very obliquely. This fiber is cut at a point where the internal 
syneytium is more compact, probably near the extremity of the original myoblast. 

Fig. 14 Portion of a longitudinal section of a cardiac trabecula (fiber) from 

the same heart, anteriorly. The internal syncytial structure is here somewhat 

looser. Other portions are still more loosely arranged. This fiber is in the 
relaxed condition. Note the close similarity, an essential identity, as also in 
the case of Limulus, between cardiac and skeletal muscle (figs. 2 and 3), especially 
from the standpoint of shape and character of these nuclei, and the relation of 
the telophragmata to the nuclear wall and the sarcolemma, 

Fig. 15 Portion of a longitudinal section of a cardiac trabecula in the re- 

laxed condition, from the same heart. Compare with skeletal fibers, figures 3 

and 6. 

Fig. 16 Portion of a longitudinal section of a contracted smaller cardiac 
trabecula, from the same heart. Note the close series of contraction bands, and 

compare with skeletal muscle, figure 8. The shape of the nucleus and the serrated 

character of its wall, can be readily interpreted in terms of the condition illus- 
trated for the relaxed fiber (fig. 14); which condition can be conceived to pass into 
that of this illustration by a process of a coincident longitudinal shortening anda 
transverse widening of the sarcomeres (inokommata) and the nucleus. 

Vig. 17 Transverse section of five adjacent cardiac trabeculae (‘fibers’) 

from a longitudinal section of the heart tube of the new-born. To the left is 
shown a portion of the peripheral connective tissue (‘pericardium’). The 
trabeculae are oval in cross-section with a large central non-fibrillar, but granular 

and very delicately reticular, sarcoplasmic area, in which the oval nucleus is 
generally located. The nuclei show the regular contour and the relatively more 
chromatic condition, characteristic of the earlier stages of development. The 

myofibril-lamellae are peripherally arranged in a radial manner. Only a few of 
the lamellae are undergoing a longitudinal radial splitting at this stage. The 

fiber is invested by a delicate sarcolemma, immediately internal to which is a 
narrow granular zone of non-fibrillar sarcoplasm. 

Vig. IS Portion of a longitudinal section of a cardiac fiber from the same 

heart tube, showing the amitotic multiplication of the nuclei, and the intimate 
continuity between the telophragmata and the sarcolemma peripherally, and 
the nuclear wall centrally. 

Fig. 19 Portion of a longitudinal section of a more differentiated cardiac 

fiber of the same heart, in the relaxed condition. The nuclear wall is thrown into 
spinous processes or ridges te which are attached the telophragmata. 

Fig. 20 Viber from the same heart and in the same relaxed condition, but 

mechanically shortened (probably through the contracting influence of the fixing 
fluid), causing thus a longitudinal shortening and transverse widening of the 

nucleus, and a coincident accentuation of the peripheral serrations, but without 
a detachment of the supporting telophragmata. 

Vig. 21 Similar fiber, from same heart, showing in addition a stage in the 

process of nuclear amitosis; and a peripheral mass of nucleated connective tissue 

(at right) closely adherent to the festooned sarcolemma. 



THE EFFECT OF CERTAIN VITAL STAINS UPON THE 
DEVELOPMENT OF THE EGGS OF CEREBRATULUS 
LACTEUS, ECHINORACHNIUS PARMA AND LOPHIUS 
PISCATORIUS 

MARGARET REED LEWIS 

From the Harpswell Laboratory, South Harpswell, Me. 

The stains which were used in the following experiments were 

those which have been frequently used in observations upon 
tissue cultures of chick embryos, namely Janus green, neutral 

red, brilliant cresylblue 2b, gentian violet, pyrol blue and others. 

The object was to determine whether any new light as to the 
action of these stains could be obtained by a study of the effect 

of these stains upon the fertilization of eggs and also upon the 
later development of embryos, especially as to whether the effects 
of these stains is in any manner harmful or whether these stains 

are in reality vital stains, that is whether it is possible to stain 

the granules of a cell without injury to either the cell or the 
developing embryo. 

CEREBRATULUS LACTEUS 

The cerebratulus eggs proved to be the most plentiful as well 

as the most favorable material for observations upon the effect 

of the stains upon fertilization and development. The eggs lived 
and developed normally in the laboratory and were frequently 

kept in a healthy state until in the late pilidia stage or for three 

or four weeks. 
These eggs have a so-called gelatinous membrane surrounding 

the characteristic egg membranes, which enclose the egg. The 

egg membranes have a tube-like protuberance at the end of which 

is an opening. The gelatinous membrane has been supposed to 

become dissolved off after the eggs have been in sea water for some 
time (Wilson), but this is not the case as can easily be demon- 
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strated by the use of stains. The gelatinous membrane becomes 

much less visible after the eggs are placed in sea water, but when 

a few drops of Janus green are added to the sea water this mem- 
brane takes up the stdin and can be distinguished as a pinkish 

blue layer, which has become separated quite some distance 

from the enclosed egg. ‘The membrane takes up the Janus green 

stain, but does not readily permit it to pass through, and thus 

protects the egg from the toxic effect of the Janus green so that 

unstained eggs may develop up to 4 or 8 cell stage within the 

deeply stained gelatinous membrane before they are killed by the 
stain. Dr. Robert Chambers found that the gelatinous mem- 

brane can be removed without causing any injury to the eggs by 

passing the eggs in sea water through a double layer of ordinary 

laboratory gauze. The egg membranes can be removed by using 

a fine cambrie handkerchief in place of the gauze. When the 

handkerchief is used care must be taken not to break the eggs, 
as frequently happens when the eggs are handled roughly. By 

thus removing the membranes naked eggs are obtained upon 
which the stains act more rapidly than upon those protected by 
the egg membranes. Also these eggs which are thus unpro- 

tected by the membranes can be stained by Janus green, in 

which case the toxic effect of the Janus green kills the egg in the 

same manner as it kills the tissue culture cells. The develop- 
ment of the naked eggs obtained in this manner was normal; 

the polar bodies were given off; and the segmentation planes 

‘ame in as usual, except that the ciliated blastula, instead of 

being confined within the membranes until the pilidia stage, 

became at once free swimming and developed into normal 

pilidia. 
The eggs of cerebratulus are relatively large spheres full of 

various granules and globules. The unfertilized egg has a clearer 

space at one side where there were fewer granules. The unfer- 

tilized eggs were subjected to the action of these various stains. 

In no ease throughout these observations was the cytoplasm or 

nucleus stained. Occasionally the nucleolus was faintly stained. 

When the eggs were placed in a weak solution of Janus green 

pumerous minute granules in the cytoplasm became blue; when 



VITAL STAINS UPON DEVELOPMENT OF EGGS 23 

placed in neutral red solution there appeared an equally great 
number of larger red globules; when placed in a double stain of 

Janus green and neutral red in addition to the blue granules 

and red globules many unstained globules scarcely evident be- 

fore became quite prominent. These are probably yolk glob- 

ules. Eggs stained from ten minutes to one hour indicated no 

localization of the cytoplasm. Detailed observations were not 

made upon the unfertilized eggs. 

The spermatozo6n is larger than that of the sanddollar and 
the head is sickle shaped. The middle piece is in the form of a 

round disc, as is so characteristic of this body for most Echino- 

derms as has been shown by Retzius, and to it is attached a 
rapidly moving flagellum or tail. With Janus green, the whole 
middle piece immediately stains blue. In a few moments the 
blue staining material clumps into one or more masses of granules, 

which later become more or less extruded from the spermato- 

zoon due to the toxic effect of the Janus green. Retzius figures 

the middle piece of many invertebrate spermatozoa in the form 
of usually 4, sometimes 5 or 6 granules. In some cases as for 

instance his drawing of Lucina, shows these granules more or 

less extruded to one side of the head of the spermatozoén. This 

is probably due to a less rapid fixation of these particular sperma- 

tozoa. When placed in neutral red a small round granule just 

above the collar and on one side of the sickle shaped head be- 

comes bright red. There was usually only one such granule, 
but in a few cases it appeared to be double. Brilliant cresyl- 

blue 2b stains a granule purple in the same position as that 
which is stained red with neutral red and in all probability the 

same granule stains red with neutral red and purple with bril- 

liant cresylblue 2b. With gentian violet the middle piece first 
stains violet, but very shortly the whole spermatozoén becomes 
a stained diffuse violet, especially the head, the middle piece, 

and even the small granule above the latter. 
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ECHINORACHNIUS PARMA (SANDDOLLAR) 

The egg is quite different in shape and has different egg mem- 

branes from that of the cerebratulus and yet the results in re- 

gard to the various stains are practically the same. The sper- 

matozoOn is smaller than that of the cerebratulus and the head 

instead of being sickle shaped is spear shaped, but the arrange- 
ment of the stainable material is the same, i.e., there is similar 

shaped middle piece which stains with Janus green and above 
the middle piece on one side of the spear shaped head is a small 

granule which stains red with neutral red and purple with 

brilliant cresylblue 2b. Meves (’12) pictures the spermatozoén 

of Parechinus miliaris much the same as that of Echinorachnius. 

Although Meves finds that the mitochondria occupy the middle 

piece, he does not describe any granule on the side of the head 

where the neutral red granule is located in the spermatozoén 

of Echinorachnius and also in that of Cerebratulus. Meves de- 

scribes only two types of granules in the egg of Parechinus, one 

the mitochondria, which correspond with the Janus green gran- 

ules of the egg of Echinorachnius, and the other the yolk granule. 

The reason that Meves does not describe the neutral red granule 
either in the spermatozoén or in the egg may be due to the 

fact that it is difficult to fix the neutral red granule. 

The eggs of the cerebratulus and also those of the sanddollar 

were studied after fertilization in various stages of development, 

such as § cell, 16 cell, ete. The granules which stained with 

the different vital stains could be differentiated from one 

another in the different types of cells of theembryos. The stained 
granules differ in shades of color and size. All granules are 
more deeply stained on the surface of the egg than in the center. 

The Janus green granules are very small and often are around 

the edge of the neutral red granules and in such eases the neu- 

tral red granules are sometimes slightly bluish. 
Under the conditions in which these observations were carried 

out, it was impossible to weigh out the stains in order to deter- 

mine the exact solution of the various stains used. A standard 
solution of each stain was made up in sea water, or in a few 

cases in distilled water, and from this standard solution three 
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solutions of each stain were made by adding one or more drops 
of the standard solution to a given amount of fresh sea water. 

The three solutions were as follows: a weak solution or one which 
contained so little of the stain that the color could scarcely be 

detected when held over a white surface; a medium solution or 

one which had a slight color; and a strong solution or one which 

contained enough of the stain to give it a distinet color. This 

strong solution corresponds in color with a 1—100,000 solution of 

Janus green, a 1—100,000 solution of brilliant cresylblue 2b, a 
1—50,000 solution of neutral red, and a 1—50,000 solution of gen- 

tian violet. By this method the amount of a given stain in the 
solutions of the same strength in the different experiments re- 

mained the same throughout the experiments, although the exact 

amount of stain in gram weight present in the solution was not 

determined. 

Pyrol blue was not soluble in sea water and even when a few 

drops of a solution of the dye in distilled water was added to the 
sea water the stain was at once precipitated. This precipitate 

was not toxic as the eggs continued to develop normally, al- 

though they remained unstained. 

Numerous experiments to determine the effect of the stain upon 

the fertilization and later development were carried out with 

both the cerebratulus and the sanddollar eggs and spermatozoa. 

These experiments were repeated many times and were as 

follows: 
1. Spermatozoa were placed in strong, medium and weak 

solutions of the various stains and then after different periods 

of time a drop of these stained spermatozoa was placed in fresh 

sea water together with fresh unfertilized eggs, either with or 

without the egg membranes. 
2. Fresh unfertilized eggs were placed in strong, medium and 

weak solutions of the stains and after different periods of time 
were taken out and placed in fresh sea water to which a drop of 

spermatozoa had been added. 
3. Unfertilized eggs which had been treated with the stain 

were placed in fresh sea water to which a drop of stained sperma- 

tozoa was added. 
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4. Unfertilized eggs and spermatozoa were placed in strong, 

medium and weak solutions of the stain and left in these 

solutions. 

5. Centrifuged eggs were treated with the stain and later 

fertilized. 

6. Fertilized eggs in various stages of development, such as 

the polar bodies forming, Ist division plane, 2-cell, 4-cell, 8-cell, 

16-cell, 32-cell, 64-cell, blastula, gastrula, pilidia and later free 

swimming pilidia, were placed in strong, medium and weak solu- 
tions of the stain and left in them. 

Controls were always made with either normal eggs or normal 

spermatozoa in place of the stained ones and only the results of 

those experiments whose controls developed normally were 

considered. 

The results of the ten above experiments were as follows: 

1. In only a few cases did spermatozoa which had been placed 

in a solution of Janus green fertilize the eggs, while those which 

had been placed in weak solutions of neutral red or brilliant 

cresylblue 2b for periods of time varying from two minutes to 
fifteen minutes did fertilize the eggs even though the granule on 

one side of the head of the spermatozo6n was colored in the 

typical manner. Spermatozoa placed in strong solutions of the 

stains for long periods of time did not fertilize the eggs. The 

presence or absence of the egg membranes did not appear to 

effect the ability of the spermatozoa to enter the eggs. 

2. When the unfertilized eggs were placed in the Janus green 

solution the egg membranes protected the egg from the stain and, 
even though the outside gelatinous membrane itself became 
deeply stained, the egg remained unstained for some time. 

When the egg which had been placed in weak solutions of Janus 

green for short periods of time (5 to 15 minutes) were taken out 

and placed in fresh sea water together with spermatozoa, they 

became fertilized and developed as far as 4 or 8 cell stage and 

in one or two cases as far as the pilidia. When the egg mem- 

branes had been removed before the eggs were placed in the Janus 

green solution, the eggs were not fertilized and so did not de- 

velop. When the eggs and the spermatozoa were placed in the 
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solution of Janus green at the same time, the eggs occasionally 
became fertilized and developed polar bodies and sometimes 

divided once or twice before the Janus green killed them. The 

brilliant cresylblue 2b and neutral red on the other hand did 

not kill the eggs, although the egg membranes did not protect 

the eggs from the stain. When the eggs were placed in weak 
solutions of these stains for periods of time extending from five to 

fifteen minutes the eggs became faintly stained, but could be 

fertilized and frequently developed into normal free swimming 
pilidia. When the spermatozoa and eggs were placed in the 

weak solution of the stain at the same time the eggs became fer- 

tilized and later developed into free swimming pilidia, although 

the pilidia were red when in neutral red and blue when in brilliant 
cresylblue 2b. When a strong solution of neutral red or brilliant 

cresylblue 2b was used the eggs usually died. 

3. When the spermatozoa and the eggs had each been treated 

with the stain before they were placed together the results were 

not so good, although occasionally the eggs stained with either 

neutral red or brilliant cresylblue 2b were fertilized by sperma- 
tozoa correspondingly stained and developed into pilidia. When 

Janus green was used fertilization did not take place. 

4. The results in this case were much the same as those of 
2 and 3 except that only eggs left in the weak solutions of the 

stain developed. 

5. The centrifuged eggs developed practically the same as 

the normal eggs except that there was a much larger percentage 
which died. The centrifuged eggs did not show any localization 

of the stain. 
6. The fertilized eggs became increasingly resistant to the 

toxic effect of all the stains except Janus green as development 
proceeded. While the early stages of development up to the 
blastula were easily killed by even the medium solutions of the 
stains, the later stages of development lived and continued to 
develop in the medium solutions and frequently pilidia lived for 
some days in the strong solutions of the stains except Janus 

green and gentian violet. Janus green, on the other hand, was 
more toxic for the pilidia than for the unfertilized eggs. All 
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stages of development which were protected by the egg mem- 

branes lived for a short while in the medium or in the weak 

solutions of the Janus green, but the later stages of develop- 

ment which were free swimming, were rapidly killed, even by the 
weakest solution of the stain. The free ends of the cilia imme- 

diately matted together into deeply stained blue clumps which 
shortly became torn away from the embryo. 

A few experiments served to demonstrate the fact that Janus 
green cannot be considered a vital stain in the above sense, for 

not only did it usually prevent fertilization of the-eggs but also 
in every case where the solution of the stain was of sufficient 

strength to color any of the granules of a cell of the embryo, 

not only was the particular cell killed, but also the embryo itself 

died. The same was true in most instances where this particu- 

lar gentian violet was used. The gentian violet was not the 

same as that used in tissue cultures, but was a stain acquired 

through the kindness of Dr. Neil at the Harpswell laboratory and 
was in all probability a more toxic stain than the one previously 

used in tissue cultures in which growth of cells occurred when the 

medium contained a very small amount of gentian violet. 

On the other hand brilliant cresylblue 2b and neutral red 
each proved to be true vital stains, for the embryo continued to 

develop and the cells to divide, although certain granules of the 
cells were colored and the embryos were kept in a weak solution 

of the dye. In many experiments the granules of the cells were 

so deeply colored that the red (neutral red) or blue (brilliant 

cresylblue 2b) embryo which resulted could be seen with the 

naked eye. 

While the toxie effect of the various stains is in a way in pro- 

portion to the concentration of the stain in the solution, the 
depth of color with which the stain appears in the granule is 

only to a small extent dependent upon the concentration of the 

stain in the solution. When the pilidia are left for twenty-four 

hours or longer in a solution of either neutral red or brillant 

eresylblue 2b, which contains so little of the stain that the color 

can hardly be detected, the granules of the embryo take up the 
stain until it appears in the granules in so much greater concen- 
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tration that the embryos can be seen as minute red or blue 

bodies in the solution. 
One of the interesting results of these observations is the fact 

that the spermatozoén and the unfertilized egg proved to be 

the least resistant to the toxic effect of all the stains, while the 
older the embryo developed the more resistant it became. How- 

ever a sufficiently strong solution of any of the above stains, 

except pyrol blue, was toxic and caused the death, not only of the 

egg or young embryo, but also of the later embryo. 

Each stain seemed to have an affinity for a certain type of 
granule. In the egg and later stage of development Janus green 

stained the small round granules, which are scattered abundantly 
throughout the cytoplasm. In the spermatozoén the Janus 

green in every case stained only the granules, which lie within 
the middle piece. In the fertilized egg and later stage of de- 
velopment both the neutral red and the brilliant cresylblue 

stained definite large and medium sized granules and in the 

spermatozobn only a very small granule situated at one side 

of the head and just above the middle piece. A double stain 
could be obtained by means of Janus green and neutral red or 

brilliant cresylblue 2b. Neutral red stained the large granules 

different shades of red, pink or yellow, while brilliant cresylblue 
2b stained the same type of granules various shades of lavender 

or purple and with this stain the large granules frequently be- 

came differentiated into a pink globule or vacuole which con- 
tained one or more purple granules. If an embryo was stained 
with neutral red and then later by brilliant cresylblue, the blue 
stain replaced the red in the granules and so far as could be 

observed did not stain any different types of granules from those 
previously stained by the neutral red. Gentian violet stained 

diffusely both the granules which can be stained by Janus green 

and also those which can be stained by neutral red or brilliant 

cresylblue 2b. 
In the spermatozoén only two kinds of granules were observed, 

those of the middle piece which can be stained by means of 
Janus green and the one above the middlepiece which can be 

stained by means of neutral red or brilliant cresylblue 2b. In 
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the egg there were observed three kinds of granules, those which 

can be stained by means of Janus green, those which can be 

stained by means of neutral red or brilliant cresylblue 2b and also 

a large granule which remained unstained and which may be a 
yolk granule. The behavior of the various sized granules or 

globules which stain with the neutral red or the brilliant cresyl- 

blue 2b corresponds with that of the so-called vacuole deseribed 

by Lewis and Lewis in the cells of tissue cultures. 

LOPHIUS PISCATORIUS (ANGLER FISH OR GOOSE FISH) 

A few observations were made upon the eggs of Lophius 

piscatorius, which were brought into the laboratory in the gas- 

trula stage. Unfortunately these eggs were not obtained again 
during the summer, so that observations could not be made 

upon younger stages, and these observations upon the older em- 
bryos could not be repeated. However, they are given below 

because they suggest that certain extremely interesting results 

may be obtained by the use of neutral red upon the developing 
eggs of this form and possibly other fish eggs. 

A mass of the eggs of Lophius piscatorius was put into a 

weak solution of neutral red in sea water and the remainder 
of the eggs was kept in normal sea water. The water was 

changed once or twice a day and the eggs in the normal sea water 

developed into normal free swimming embryos, while those in the 

neutral red developed marked abnormalities. The most evi- 

dent of these was that the chromatophores did not develop in 

the normal number and what chromatophores did develop re- 

mained small more or less round cells with black granules. The 
chromatophores of the normal embryo develop into large cells 
with many ramifying processes full of black granules which 

form a gray network over the greater part of the embryo. The 

neutral red embryo remained more or less transparent, while 

the normal embryo became dark gray and more or less opaque. 

The yolk sae of Lophius is filled with a colorless transparent 
fluid in which is suspended a conspicuous yellow oil droplet 

and in the normal embryo it is not possible to distinguish the 
boundaries of the yolk sac. When the young embryos were 
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placed in the neutral red solution, certain numerous granules 
within the epithelial cells became stained red, although the 
cytoplasm of the cell remained unstained and very shortly after 
this the red color appeared in the yolk and continued to be taken 
up by the yolk until the yolk became many times pinker than the 
solution of neutral red in which the embryos were placed. This 
sphere of red fluid is considerably smaller than the membranes 
around it and the oil droplet did not take up the stain but re- 
mained a clear yellow. When such a pink stained yolk sac was 

punctured the egg membranes collapsed and the deeply stained, 
transparent fluid rapidly flowed out and quickly became so 

diluted with the surrounding medium that it could no longer be 

distinguished from it. The clear, yellow oil droplet usually 
remained within the collapsed egg membranes. 

The action by means of which the neutral red was deposited 
in the fluid within the yolk did not correspond with that of a 
simple diffusion, but it appeared to be associated entirely with 
the large neutral red granules which seemed to take up the stain 

from the solution of the stain in the sea water which surrounded 
the egg and to give it up again to the fluid within the yolk sac. 

In the embryos which had developed in the neutral red solu- 
tion the cells of the central nervous system contained so many red 

granules that the neural tube appeared pink. This pink color 
of the central nervous system persisted throughout the various 
stages of development. 

Another especially interesting abnormality in the develop- 

ment of these eggs of Lophius in a solution of neutral red was 

that, although the heart and the chief blood vessels developed, 
there was no circulation of blood cells within the blood vessels 
and heart. The heart did not begin to beat quite as soon as 
did the heart of the normal embryo, but eventually the heart 
contracted normally. No blood cells were ever observed to pass 

through the heart or the blood vessels, although the embryos 
remained alive in the neutral red solution for several days after 

the circulation of blood cells had been established in the normal 
embryos. 
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The behavior of the chromatophores and the lack of a circula- 

tion of blood cells seem to indicate that the neutral red may 

have somewhat the same effect upon the developing fish embryo 

as that of aleohol upon Fundulus eggs observed by Stockard, 

in which case the chromatophores remained small round cells 

and no blood cells were observed in circulation, although the 
heart contracted rhythmically. 

Fischel ('01) carried out numerous experiments with various 

stains upon the embryos of the frog and also those of the sala- 

mander. Fischel found that Bismarckbraun, neutralrot, neu- 

tralviolett, nilblauchlorhydrat and nilblausulfat are all true 
vitals stains, i.e., that the embryo continued to live and develop 

although stained. Fischel describes the same type of neutral 

red granule as those described above in the embryo of Lophius. 

From his observations he concludes that the neutral red granule 
is a living plasmatie element. Fischel does not describe any 

changes in the chromatophores or in the circulation of the blood 
in the amphibian embryos which were stained with neutral red. 

This may be due to the fact that the embryos were first stained 

and then transferred to clean water, while in these observations 
the embryos were permitted to develop in a weak solution of 

neutral red. 

It was impossible to obtain these eggs again, but it is hoped 

that some future summer it may be possible to acquire enough of 

these fish eggs to carry out a more elaborate series of experiments. 

The study of the spermatozoa, the unfertilized eggs and the 

later stages of development led to the conclusion that not only 

the embryo, but also the unfertilized egg and the spermatozo6n 
react in the same manner as the cells of tissue cultures of the 

chick embryo do to the stains, that is they contain granules which 

are stained blue with Janus green, probably the mitochondria, 

and others stained red by neutral red or purple with brilliant 
cresylblue 2b. The Janus green stain is toxic and resulted in the 

death of the embryo just as it caused the death of the tissue cul- 

tures, while the neutral red and brilliant cresylblue 2b are less 

toxie and the embryo may continue to live and develop, although 

the granules in the cells are stained. These two large groups of 



VITAL STAINS UPON DEVELOPMENT OF EGGS 33 

granules, the Janus green granule and the neutral red granule, 

may be further differentiated by the use of other stains such as 

pyrol blue, brilliant cresylblue 2b or nile blue. In addition to 

these two types of granules, the egg and certain cells of the 

embryo contain yolk globules or fat globules. Dr. Paul G. 

Shipley, who has made a careful study of the neutral red granule, 

has suggested the term vacuoles of segregation for this body and 

has studied its behavior in detail. The results of Dr. Shipley’s 
observations will be published in the near future. 

In the discussion of the plastosomes of the living cell (p. 608) 

Prof. J. Duesberg states that a number of authors have claimed 

to have stained the plastosomes in the living cell. The most 

used dyes according to Professor Duesberg are neutral red and 
methyleneblue, while dahliaviolett appears to be the most sat- 

isfactory stain. Dahliaviolett was first used by von la Valetta 

St. George and after him by Henneguy (’96) and Fauré Frémiet 

(10). Michaelis (00) and Laguesse ('05) found Janus green 

very satisfactory, while Renaut (11) used methylviolett and 

Ciaccio (11) used brilliant cresylblue. The granules stained by 

these different observers quoted by Professor Duesberg cannot 

be the same granules and therefore not in every case the mito- 

chondria for neutral red does not stain the same granules as those 

stained by Janus green except in the case of the granules within 

certain, not all, of the vacuoles described by Lewis and Lewis 
(15) (p. 382). The reason for the discrepancy in the results 

of the above writers is without doubt due to the condition of 

the tissue supposed to be living but which in many cases was 

probably dying, as can be seen from the following facts. 

The action of most of the so-called vital stains causes the 
death of the cell more or less rapidly and a concentrated solution 
of almost any of these stains will kill the cell. In cases where 

animals are given increasing doses of stain until the body tissues 

are stained, the cells when placed under the microscope show first 
one picture and later as the cells begin to die the same cells show 

quite a different picture. This can easily be demonstrated by a 

study of a living embryo such as the cerebratulus pilidia in which 

the death of the pilidia causes brilliant cresylblue 2b to fade out 
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of the large granules and at the same time to be taken up by the 
mitochondria. This same phenomenon has been described by 

Lewis and Lewis for the action of nile blue upon the granules of 
the tissue culture cells, in which case the vacuoles of the living 

cell were stained pink by means of nile blue but when formal- 

dehyde vapor was passed under the cover slip the color faded 
out of the vacuoles and the mitochondria then became stained a 
blue color. 

The results obtained with pyrol blue and possibly with other 

stains may also lead to confusion because of the change in color 
shown by certain of the granules (Levi, 16). I have observed in 
tissue cultures that when the cells first grow out (12 to 24 hours) 

into a medium which contains pyrol blue, both the many mito- 
chondria and the few neutral red granules are stained blue. As 

the growth increases in age the neutral red granules become 

more and more deeply stained and also increase in number, 
while the color fades out of the mitochondria, so that the cells 

of a seventy-two-hour growth contain numerous very dark blue 

granules and many unstained mitochondria. 

Fischel states that the nucleus becomes diffusely stained 

when dying and in previous observations upon the cells of tissue 

cultures, the germ cells of the grasshopper as well as in the obser- 

vations above, it has been found that the slightest trace of color 

in the nucleus is an indication that the cell is injured. This does 

not hold however for the nucleolus, for the nucleolus may remain 

faintly stained with pyrol blue through several generations of 

cells and also the chromosomes may be faintly stained with 
certain stains during division. 

Observations upon the living embryo and also upon the cells 

of tissue cultures show, when the cell has not been injured by the 

stain and the nucleus is not stained, that the cytoplasm of the cell 

consists of a homogeneous ground substance which contains 

certain granules which may be stained by means of neutral red 

and certain others which may be stained by means of Janus 

green, and in addition to these two types of granules there may 
be present fat globules which do not stain with either neutral 
red or Janus green. 
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Observations have shown the presence of the Janus green 
granule and also the neutral red granule in the nerves, the red 
blood cells, the endothelial cells, the ectoderm, the endoderm, 

the smooth muscle cells, the striated muscle cells and the con- 
nective tissue of the chick embryo and also in various embryonic 
tissues of the pig, the fish, the grasshopper, the hermit crab, 

the cerebratulus, the sanddollar and the sea urchin. These 

granules are present in the germ cells of the grasshopper, the 

cerebratulus and the sanddollar and in all probability they are 

present in all embryonic animal cells. 
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THE BLOOD OF ALLIGATOR MISSISSIPPIENSIS 
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EIGHT FIGURES 

METHODS 

In this study of the blood of the alligator both fresh and stained 

preparations were used. The blood was obtained from an animal 

kept in the ‘aboratory, by making a small slit between the ventral 

abdominal scales; the wound quickly healed. This operation 
was repeated whenever a new preparation was needed. 

By sealing the cover with a ring of oil, to prevent access of air, 

the fresh blood could be kept in normal condition for many days, 
during which period the amoeboid activity of the leucocytes 

could be studied. 
In making stained preparations various fixing fluids were 

used, but the ordinary dried smears gave the best results. Of 
the stains used the best results were obtained with hematoxylin 

and eosin and with Wright’s stain. 

THE ERYTHROCYTES 

The red cells of the alligator’s blood are, as is well known, of 

the usual elliptical form seen in the lower vertebrates. 
According to Gulliver (2) there is some variation in the cells 

of closely related species. He found (3), as will also be noted 
below, that the corpuscles of dried blood are appreciably smaller 

than those of fresh blood. 
He says that in Crocodilus acutus and in an unknown species 

from Vera Cruz the length of the corpuscle is somewhat less 

than twice the breadth. 
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On the other hand, Mandl (4) who studied C. lucius says the 

length is two or three times the width. In only three cases of 
several dozen measurements made of the corpuscles of A. missis- 

sippiensis did the writer find the length as much as twice the 

width, and in no case did it approach three times the width. 

In C. acutus Gulliver gives the average length of the corpuscles 

as 20.31+ micra; the average width as 10.93+ micra. In C. 

fissipes the average length was 19.85+ micra; the average width 
was 10.79+ micra. As will be seen below, these variations are not 

nearly so great as those seen among corpuscles from the same 

individual animal in the Florida Alligator, A. mississippiensis. 

Milne-Edwards (5) gives the following measurements, pre- 

sumably averages; A. sclerops, length 23.80. micra; width 13.33 

micra; A. lucius length 20.83 micra; width 11.11 micra. 

In A. mississippiensis a considerable number of measurements 

was made, both of fresh and of stained corpuscles. The thick- 

ness of the corpuscles was also measured in a number of cases; 

this can be done only with the fresh blood where corpuscles 

can occasionally be seen in profile. 

The average length of the fresh corpuscles was found to be 
20.77 micra the average width 12.78 micra; and the average 

thickness 4.17 micra. As noted above, and as will be seen later, 

these measurements are apparently greater than those of stained 
corpuscles. 

The longest corpuscle found in the fresh blood was 24 micra; 
the widest was 14.00 micra; the thickest was 5 micra; the short- 

est was 18.50 micra; the narrowest was 11 micra; and the thinnest 

was 3.60 micra. 

Among the stained corpuscles the average length was 18.69 + 

micra; the average width was 10.85 micra, both measurements 

being noticeably less than in the fresh blood. 

The longest stained corpuscle measured was 22.10 micra; the 

shortest stained corpuscle was 14.80 micra in length, only 0.8 

micra more than the width of the widest fresh corpuscle. The 
widest stained corpuscle was 12.80 micra; the narrowest was 

8.10 micra. 
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Among all the corpuscles, both fresh and stained, the one that 

showed the greatest difference between the length and the width 

was one that was 22.10 micra long and 10.40 micra wide. 

On the stained slides, for obvious reasons, it was not possible 
to measure the thickness of the corpuscles, but the length and 
width of the nucleus were measured in each case. ‘The greatest 

variation in the length of the nuclei was from 3.80 micra to 6 

micra; in width from 2.80 micra to 4.30 micra; the average length 

was 4.85 micra, the average width was 3.66 micra. 

The appearance of the erythrocytes, as seen in the flat, is 

shown in figures 1, la, 1b, and 1d-h, drawn, as were all of the 

figures, with a camera lucida under an oil immersion objective 

from a stained slide. The profile view, figure 1 c, wis, of course, 
drawn from a slide of fresh blood. As would be expected from 
the measurements given above, the ellipse varies considerably 

in different corpuscles. In the profile the central thickening is 

plain but the nucleus could not be determined. 
The cytoplasm, so far as could be determined, was homogene- 

ous, though it was examined under a magnification of 2300 di- 
ameters. The cytoplasm was so transparent that, on the ordinary 

stained slide, when one corpuscle lay over another the nucleus 

of the under corpuscle showed with the same apparent distinct- 

ness as that of the upper cell. 
This structureless condition is in contrast to that described 

by Bryce (1) in Lepidosiren, where he figures a clear band be- 
neath the membrane, a fine network throughout the cytoplasm, 

and one or more clear areas and vacuoles in the cytoplasm. 
Whether examined under a magnification of 1000 or of 2300 

diameters, the cytoplasm in A. mississippiensis appeared the 
same. Possibly more refined methods of technic might have 

‘brought out some details of structure in the cytoplasm. 
The nuclei, as indicated by the measurements and as seen in 

figures 1, la, 16, ete., vary both in size and shape, though they 

are usually ellipsoidal. They stain easily’and darkly but not 
homogeneously; sometimes small unstained or more lightly 

stained areas are scattered fairly evenly throughout the nucleus, 

as in figure 1; sometimes larger and more irregular areas are 
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seen in various parts of the nucleus as in figure la. Occasion- 

ally a nucleus is located at one end of the cell instead of its usual 
central position, and sometimes a nucleus is seen at each end of 

the cell, figure 1g. 

No instance of mitosis was seen on any slide examined, but 

erythrocytes are occasionally found with two closely adjacent 
nuclei, figure 1 e, which would seem to have just resulted from 

an amitotie division. Figure 1 f seems an evident case of ami- 

totie division of the nucleus just before the completion of the 

process. While the cells in which two nuclei are found are 
usually of large size and elongated form, but one case could be 

found in which there was indication of a division of the cell body. 
This cell is shown in figure 1 /; it is possibly an artifact, but it is 

difficult to see how the nucleus could have been pulled apart by 

artificial means as is shown in the figure. 

Quite infrequently erythrocytes of the form shown in figure 

1d are seen. It would, at first, seem possible that these were 

halves of just-divided cells, but if this were the case they should 

frequently be founds in pairs, while, as a matter of fact, it is 

but seldom that two of them are found in the same microscopic 

field. It is possible that they may be comparable to the spindle 

cells found in frog’s blood, but it seems more likely that they 

are merely artifacts. 

THE LEUCOCYTES 

On a slide of fresh blood, mounted with a ring of oil to prevent 

access of air, as noted above, the amoeboid activities of the 

same white corpuscle may be studied for several days, though 

after a few days the motion is so slow that it can only be de- 

termined by making a series of drawings at intervals of several 

minutes, as must sometimes be done to demonstrate the changes 

in shape in amoeba. 
In the fresh blood it is difficult to identify the various types of 

leucocytes that may be seen in the stained blood, not only be- 

cause of the lack of stain but also because the pseudopodia are 

usually more or less withdrawn in the stained blood. 

Figure 2 shows one type of leucocyte as seen in fresh blood. 

The general outline of the cell is circular and a number of small, 
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sharply-pointed pseudopodia project from its periphery. Being 

unstained, the nucleus is indistinct or invisible, but one or more 

small vacuoles may be seen. The cell is filled with fine, unevenly 
distributed granules which change their appearance as the cell 

changes its shape. Such a cell, while it changes its shape but 

little, changes quite rapidly—about as fast as the changes seen 

in an active leucocyte in frog’s blood. 
Another type of leucocyte, seen in fresh blood, is shown in 

figure 3; it is coarsely granular and changes its shape quite 

rapidly and markedly. 
In stained preparations of alligator’s blood several types of 

leucocytes may be distinguished. Of these the most numerous 

is shown in figure 4; since it stains with hematoxylin rather than 

with eosin it might be thought to be an extruded nucleus from 

an erythrocyte except that it is several times the bulk of such 

a nucleus. It is of fairly large size and is usually circular in 

outline though the shape is variable. It is possible that it is a 

corpuscle in which the nucleus is very large and the cytoplasm 

is so reduced as to be invisible. This would seem possible from 

the fact that occasional cells are found with a very large nucleus 

and a very thin peripheral zone of protoplasm. 
Of almost, if not quite, as frequent occurrence as the cell just 

described is a smaller type shown in figures 5, 5a, 56, and Se. 

This cell may, perhaps, correspond to the lymphocyte in the 
human blood. It varies considerably in size and shape but 
contains an oval or circular nucleus and a small amount of 
cytoplasm which generally gives the cell a pointed or spindle 

form, as seen in figures 5 b and 5c. 
Another type of leucocyte that is fairly common is shown in 

figures 6 and 6a. These forms might, perhaps, be called mono- 
nuclear leucocytes; they are large, some of them being larger 

than any of the other types. The cytoplasm is clear or very 
finely granular, and stains, with eosin, a pale pink color. ‘The 

nucleus is very large and of an oval or circular outline; it does 

not stain so darkly as the nucleus of the erythrocyte. ‘The out- 

line of the cell is usually circular or polygonal. 
The most striking in appearance of all the leucocytes, and, 

possibly with one exception, the least numerous, is the type 
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that may be compared to the eosinophile cell of mammals. It 
is a large, usually circular cell that may at once be recognized 

by its coarsely-granular cytoplasm that take a strong pink color 

with eosin. The nucleus is usually round or oval, and generally 

lies close to one side of the cell, as shown in figure 7. Occasion- 

ally two nuclei in a single cell may be seen, figure 7 b, as though 

by division of the larger nucleus; and an occasional elongated 

nucleus, as seen in figure 7 a, would seem to indicate an impending 
amitotie division. No case was seen in which there was any 

indication of the division of the cell as a whole. In many of 

these eosinophile cells, especially in those in Which the cytoplasm 

did not take the stain, there was seen a heavy outline, like a 

thick cell wall, possibly caused by a peripheral zone of denser 

protoplasm; this appearance was usually most marked on the 

side of the cell farthest from the nucleus. This type is the most 

uniform in size and shape of any of the leucocytes. ; 

The least numerous type of leucocyte, if indeed it be a distinet 

type, is shown in figures 8, 8a, and 8 b. Among the tens of 

thousands of erythrocytes seen, on several different preparations, 

but three of this possible type of leucocyte were seen; it is this 
extreme rarity that raises the doubt as to their being a normal 

type of corpuscle. They are all of rather small size and not very 
irregular outline. The cytoplasm is clear or very finely granular. 

The nucleus, or nuclei—figure 8 b shows no less than eight— 

are so dark as to be almost a solid black. Whether these are 
really a normal element of the blood or are some artifact or other 

abnormality it is difficult to determine. 
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EXPLANATION OF FIGURES 

All of the figures were drawn with a camera lucida under the same magnifica- 
tion, ;'y oil immersion objective and no. 8 compensating ocular. 

Figs. 1,la,16 Three views of erythrocytes seen in the flat; figure le is a nor- 

mal erythrocyte seen in profile, drawn from a slide of unstained and living blood 

Figure 1 d is one of the rather uncommon pointed erythrocytes, which may be 
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simply an artifact. Figure Le is a red cell with, apparently, a just-divided 

nucleus. Figure 1 fis a cell in which the nucleus is in process of division. Figure 

1gisared cell with a nucleus at each end. Figure 1 A represents the single case 
that was found that seemed to show an erythrocyte in which the entire cell was 
in process of division. 

Figs. 2and3 Represent two types of leucocytes drawn from living blood while 
exhibiting amoeboid motions; figure 3 represents a more active cell than figure 
2, and one in which the granules are coarser. 

Fig. 4 Represents a type of doubtful character, which may be simply a cell 
with an enormous nucleus and almost no cytoplasm; it is the most common of 
the leucocytes. 

Figs. 5, 5a, 56, and 5c Represent a type of small leucocytes very abun- 
dantly represented. 

Figs. 6 and 6a Represent a type of large mononuclear cells that may 
possibly be the same as the one shown in figure 4. 

Figs. 7, 7a, and7b Show three very characteristic cells that seem to corre- 

spond to the eosinophile cells of mammalian blood; they are very coarsely 
granular and generally stain strongly with Eosin. 

Vigs. 8, 8a, and 8b Represent a type of small and unusual cells that are so 
seldom seen as to make it seem doubtful that they are a normal constituent of 

blood. : 

sO 



A PERSISTENT SUPERIOR VENA CAVA SINISTRA IN 

THE CAT TRANSMITTING CORONARY BLOOD 

Ss. B. GRANT 

Washington University 

ONE FIGURE 

The anomaly of the vascular system stated in the title was 
found during a course in comparative anatomy in the Zoology 

Department of Washington University. At the suggestion of 

Dr. E. A. Baumgartner, a study of the literature of this form of 

variation was undertaken, the results of which are here given. 

This anomaly was found in a young and apparently normal 

cat. Upon opening the thoracic cavity, a long slender vein, of 

uniform diameter, was exposed, which reached from the left 

innominate vein to the coronary sinus, about 4 mm. distant 

from its atrial end. This was recognized as a left superior vena 

cava. 
The coronary veins were all of normal size and distribution, 

and their openings into the coronary sinus were normal. But, 
the coronary sinus ended blindly about 5 mm. short of the point 

at which it should have opened into the right atrium. At this 
end of the sinus it received the vena cordis media. No remnant 

of a connection could be found upon the blind sinus end or the 

right atrial wall. Upon tracing the anomalous vena cava up- 

ward it was found to open into the left innominate vein at the 

point where this vein joined with the right to form the normal 
superior vena cava (fig. 1). In the upper third of its extent the 
left superior vena cava received the superior intercostal vein, 
which was composed of two intercostal branches. 
Upon examining the interior of the right atrium, no trace of 

an opening of the coronary sinus was seen. However, the wall 
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here was thin. No Thebesian valve was present. The valve 

of the inferior vena cava, however, was well developed. A large 

distinct foramen ovale was present. 

I have found two references besides those given by MeCotter 

('16)—LeCat, Beyerlein and Hutton—of anomalies similar to 

the one under consideration. According to Marshall (’50), 

Fig. 1 The heart and vessels viewed from the left and dorsally. It shows 

the course of the coronary sinus and left superior vena cava. Enlarged one-half. 

LeCat observed (1738) a coronary vein which emptied into the 

left subclavian vein in an eight days old child. 
Hutton (’15) found a case in which the coronary sinus ended 

in a sunken pitted area against the wall of the right atrium. 

Within the right atrium there was a shallow circular depression 
corresponding to the coronary opening. There was no Thebesian 

valve, but a considerable remnant of the left venous valve. 

Hutton suggested two explanations of the closure of the coron- 

ary sinus. The partition between the sinus and atrium was 
either; first, a composite structure, the result of fusion between 
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the coronary segments of the right and left venous valves; or, 

second, the result of an unusually voluminous Thebesian valve, 

which had eventually fused with the margins of the ostium of 

the sinus. 

Beyerlein (’14) described a case in a fifteen months old child 

in which the coronary sinus extended to the wall of the right 

atrium. Upon observing the interior of the right atrium, all 
the openings appeared normal, but, upon probing the coronary 

sinus it was found to be closed. The Thebesian valve, not being 

mentioned, was evidently normal. Beyerlein offered two pos- 

sible explanations of his case; viz.: inflammation of the endocar- 

dium and atresia, although he saw no evidence of disease; or, 

a mechanical influence due to suction after the formation of the 

left innominate, plus pressure in the atrium from the right supe- 

rior and inferior venae cavae. 

Gruber (’85), described, in a fifty years old man, a coronary 

sinus without any atrial opening. In the right atrium in the 

place of the usual coronary aperture, there was a small groove 

leading into a blind pouch 6 mm. deep. Gruber tentatively 

called the free membranous margin of the groove the Thebesian 

valve. Anton Siding (’96) also observed a case in an adult male 

in which the coronary sinus ended blindly 15 mm. short of the 

site of its opening into the right atrium. Within the right atrium 

there was a narrow aperture, guarded by a feebly developed 
Thebesian valve, opening into a blind sac 10 mm. long In all 

of these cases the coronary sinus drained through a persisting 

left superior vena cava. 
The fact that the left superior vena cava, of the present case, 

opened into the left innominate so close to the right superior 

vena cava, instead of some distance from it, is easily explained 
when one reflects that in the cat, with its narrow thorax, the 

transverse branch connecting the two superior venae cavae 

becomes shorter and larger as the embryo increases in size until 
the left superior vena cava may appear to open into the right 
at an acute angle. 

The closure of the normal ostium of the coronary sinus prob- 

ably took place after the transverse branch between the two 
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superior venae cavae had been formed. As Hutton (’15) sug- 

gests, this closure may have been due to an usually large The- 

besian valve, which may have closed it too effectively when 

pressure Was exerted upon it from the inside by the flow of blood 

into the atrium. ‘The left superior vena cava being still open, the 

coronary blood would find an easy path to the right atrium 

through it, the left innominate, and the right superior vena 

cava. If this supposedly large Thebesian valve fused with the 
wall and permanently closed the normal opening of the coronary 

sinus, the portion of the latter, or left duct of Cuvier, between 
the wall of the right atrium and the proximal end of the coronary 

sinus may have degenerated. It has been suggested by Beyer- 

lein (14), that the suction in the left superior vena cava, caused 

by the rush of blood in the left innominate vein would aid in 

closing the normal sinus opening. That the Thebesian valve, 

which is formed from the caudal portion of the right valve of 

the sinus venosus, may have been abnormal and possibly eon- 
cerned with the closure of the coronary opening, is indicated by 
its absence and also by the presence of a patent foramen ovale. 

If the left venous valve were abnormally small, it may have 

resulted in the failure of the foramen ovale to close, and in such 

a case, the right venous valve would be likely to be unusually 
large, and, consequently, the Thebesian valve as well. 

Gruber’s and Siding’s cases are similar to the present, in that 

the coronary sinus ended before reaching the wall of the right 

atrium; but differ in that in my case there is no cul-de-sac or 

opening in the atrium at the site of the normal ostium of the 
sinus. Hutton’s and Beyerlein’s cases differ from the writer’s 

and the other two, in that the coronary sinus in these cases 
extends to the wall of the right atrium, where it is closed. 

Hutton’s second suggestion as to causes of the anomaly seems 

to suit the case here described, but the fusion of the Thebesian 

valve to the atrial wall in my case must have taken place so 
early in development that no traces of it are left. Coupled 
with this may have been the mechanical causes suggested by 
Beyerlein. 
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THE VOMERO-NASAL APPARATUS IN CHRYSEMYS 
PUNCTATA AND RANA CATESBIANA 

ROLLO E. M COTTER 

Department of Anatomy, University of Michigan, Ann Arbor 

SEVENTEEN FIGURES 

In a previous communication the writer (’12) described the 

vomero-nasal apparatus in the opossum and other mammals. It 

was shown that the vomero-nasal organ, the vomero-nasal 

nerves and the accessory olfactory bulb are parts of a special 
olfactory mechanism the specific function of which still remains 

doubtful. It is with the idea that a careful comparative study 
of this apparatus in the different animals may lead to a more 

definite understanding of its function that this study was under- 
taken. . 

The observations about to be reported were based in part on 
serial sections of the heads of turtles and frogs and in part on 

dissections of prepared specimens of the same species. Wax 
plate reconstructions of the olfactory apparatus were made to 

show, so far as possible, the form and comparative size of its 

component parts. Figures 7, 8, 15 and 16 represent drawings 

of these reconstructions. 

CHELONIA 

Two views have been advanced as to the structure that should 

be designated the vomero-nasal organ in these forms. One 
group of observers believe that the vomero-nasal organ exists 

in a very simple condition, and that in some species it forms a 
shallow fossa covered by neuro-epithelium situated on the medial 
wall of the nasal cavity, while in others the neuro-epithelial 

Sl 
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area has extended on to the anterior and lateral walls of the 

nasal fossa. -Another group of workers claim that the vomero- 

nasal organ is a rudimentary structure and consists of a small 

duct that extends from the surface of the septal mucosa caudal- 

ward in the submucosa and ends blindly. 

According to Seydel’s ('96) communication the nasal cavity 

in Chelonia may be subdivided into a cranially situated pars olfac- 
toria and a more caudally situated pars respiratoria. The vomero- 

nasal organ belongs to the last named subdivision. In testudo 

graeca one can observe the vomero-nasal organ occupying a 

shallow fossa on the medial wall. The separation of its epithe- 

lium from the neuro-epithelium of the olfactory region is com- 

pleted through a narrow intervening zone of indifferent epithe- 

lum. The ventral and lateral portions of the pars respiratoria 

exhibits no neuro-epithelium. He states that in emys europaea 

the pars respiratoria is more complicated than in testudo. Here 

the neuro-epithelium that comprises the vomero-nasal organ is 

found in four fossae which occupy the medial, the two side walls 

and the floor of the pars respiratoria. It is separated from the 

neuro-epithelium of the pars olfactoria by a low ridge that is 

covered by indifferent epithelium. Seydel accepts the view 

that the neuro-epithelium in emys has extended from the medial 
walls onto the floor and side walls of the pars respiratoria. For 

an explanation of this view he refers to the course of the nerve 

fibers of the pars respiratoria. The olfactory fibers extend 

from the medial wall downward and curve lateralward beneath 

the floor and upward on the lateral wall where they subdivide 

into branches. ‘These relations have resulted from a condition 

where the neuro-epithelium occupied a small area on the medial 

wall and has extended to the anterior and lateral walls. 

In one embryo of Chrysemys punctata Seydel observed that 

the neuro-epithelium of the vomero-nasal organ occupied a 
small area on the medial wall while on the floor indifferent 

epithelium was found. In another the neuro-epithelium had 
extended from the medial wall onto the floor of the pars 
respiratoria. 

—orr 
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Mihalkovies researches on emys europaea has lead him to 

differ as to the position, form and structure of the vomero-nasal 

organ. He believes that the vomero-nasal organ is a rudimen- 

tary structure in these forms. He describes this organ as a 

small, blind, tubular structure extending from the surface of the 

septal mucosa caudalward in the submucosa. It receives at its 

distal extremity the ducts of the medial nasal glands. 

Zuckerkandl (’10) observed a specimen of emys europaea 

and corroborates Seydel’s important anatomical observations. 

In regard to the structure that Mihalkovies has designated the 

vomero-nasal organ he is of the opinion that it is the duct of the 
medial nasal glands. Zuckerkandl further observed that the 

olfactory nerves arise from two areas of nasal mucosa. A dorsal 

branch arises from the mucosa of the pars olfactoria and a ven- 

tral branch receives filaments from the vomero-nasal area. The 
dorsal and ventral branches unite to form a common olfactory 

nerve that passes through a large opening in the cranium to- 

gether with the nerve of the opposite side. As these nerves 

approach the olfactory bulb in their course caudalward the 

nerve bundles become separated, the dorsal branch forms a 
large lateral bundle that distributes filaments to the apex and 

the ventral surface of the olfactory bulb and extends dorsal- 

wards over the medial and lateral surfaces. The ventral branch 
becomes the more slender medial ramus that sends filaments to 
the upper half of the medial surface and to the dorsal surface of 

the olfactory bulb. 

CHRYSEMYS PUNCTATA 

The nasal fossa in chrysemys punctata consists of a principal 

nasal chamber that communicates anteriorly with a circular 

naris by means of a small cylindrical nasal passage and poste- 
riorly with the choana through a larger posterior nasal canal. 
By referring to figure 3 it will be seen that the principal 

nasal chamber is oval in transverse section with the greatest 

diameter in the perpendicular direction and its shortest diameter 
in a horizontal plane. The anterior nasal passage communi- 
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cates with it on the anterior wall about half the distance between 

the roof and the floor. The posterior nasal canal extends hori- 

zontally caudalward on a level with the floor. The otherwise 
smooth interior is interrupted by many low ridges which course 

generally in an antero-posterior direction and subdivide the 
‘avity into numerous fossae of varying sizes and depths. 
Beginning just above the communication between the princi- 

pal nasal chamber and the anterior nasal passage are two ridges, 
one of which extends caudalward over the medial wall, the other 

in the same direction over the lateral wall and become less pro- 

nounced as they approach the posterior wall. These ridges 
which are covered by respiratory epithelium separate com- 

pletely a large fossa in the roof of the principal nasal chamber. 

This fossa is covered by olfactory neuro-epithelium and gives 

origin to the olfactory nerves. Below the two ridges mentioned 

above is an extensive fossa that occupies the lower half of the 

anterior wall, the anterior portion of the floor and adjacent 

portions of the medial and lateral walls. This area which has a 
very irregular outline is covered by the vomero-nasal neuro- 

epithelium and gives origin to the vomero-nasal nerves. By 

referring to figure 2, which is a transverse section through the 
anterior portion of the principal nasal chamber, it will be seen 
that the vomero-nasal organ occupies a single and extensive 

fossa situated on the lateral, medial and anterior walls of the 

nasal chamber. By following this fossa caudalward in serial 
section it will be found that it becomes subdivided into four 

areas (fig. 3) by the apparent invasion from the caudal direction 

of three low ridges capped by respiratory epithelium and thereby 
giving to the vomero-nasal organ the appearance of occupying 

four separate fossae. 

The olfactory neuro-epithelium (figs. 7 and 8) occupies the 
roof and adjacent portions of the medial, anterior and lateral 

walls of the nasal chamber. It extends lowest on the anterior 

wall where it covers one-third the distance from roof to floor. 

From this point the border gradually recedes dorsally until the 
caudal wall is reached. The vyomero-nasal neuro-epithelium 

i ie 
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occupies the lower portion of the anterior, medial and lateral 
walls and floor of the nasal chamber. It occupies a single irregu- 
lar fossa and is separated from the olfactory neuro-epithelium 
by low ridges covered by respiratory epithelium. The remain- 

ing portion of the wall of the nasal chamber is covered by respira- 
tory epithelium. 

Fig. 1 A transverse section of the head of a turtle at about the middle of the 

anterior nasal canal. It shows the form of this portion of the nasal fossa. X 10. 
Fig. 2. A transverse section of the head of a turtle passing through the an- 

terior portion of the principal nasal chamber to show the form of the nasal fossa 

and the position and distribution of the vomero-nasal mucosa. 10. 

The anterior nasal passage extends nearly horizontally cau- 
dalward from the naris and communicates with the principal 
nasal chamber about midway between the roof and floor. It 
is nearly cylindrical in outline and presents a low ridge that 

courses obliquely in a caudo-lateral direction from a medio- 
cephalic origi. 
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The posterior nasal canal extends nearly horizontally caudal- 
ward from the principal nasal-chamber. It is semicircular in 
cross section. Attached to the anterior half of the lateral wall 
and to the cephalic portion of the roof is a crescentie valve-like 
fold that separates a dorsally placed blind pouch that opens 

caudalward. 

Fig. 3 A transverse section of the head of a turtle passing through the middle 
of the principal nasal chamber showing its form and size, the distribution of the 
vomero-nasal and olfactory neuro-epithelium and peripheral course of the 
vomero-nasal nerves. X 10. 

The nerve fibers from that portion of the neuro-epithelium 
of the vomero-nasal organ situated on the lateral wall collect 

into two limbs—an anterior and a posterior. The former is 

the smaller and courses downward in the lateral wall of the 
nasal fossa. The latter is a broad flat band that passes medially 
beneath the floor and is joined by the anterior limb. 
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These combined filaments form a broad sheet of nerve fibers 
coursing medially beneath the floor to the medial wall and at 
the same time receiving additional fibers from the neuro-epithe- 
lium. In the medial wall the broad flat band of nerve fibers 

becomes somewhat narrowed and thickened and courses dorsally 
and somewhat caudally to the roof of the nasal fossa. Here it is 

joined by the bundle of olfactory nerves of the same side and the 

Fig. 4 A transverse section of the head of a turtle passing through the middle 

of the posterior nasal canal. It shows the form of this passage and the relation 

of vomero-nasal and olfactory nerves in their course through the cranium. 

x 10. 

combined filaments of vomero-nasal and olfactory fibers of the 

opposite side. The combined filaments form a large round nerve 
bundle that courses caudalward through a large opening in the 
cranium to the cranial cavity. Although the right and the 
left vomero-nasal and olfactory nerves course through the cran- 
ium together the nerve fibers of the different bundles do not 

intermingle. They lie contiguous to one another and may be 
separated from each other with little effort as will be seen by 

referring to figure 4. 
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As they enter the cranial cavity the vomero-nasal and olfae- 

tory nerves separate; the former pass dorsal to the olfactory 

nerves and to the dorsal surface of the olfactory bulb where 
the filaments spread out over the vomero-nasal area. 

The nerve fibers of the olfactory neuro-epithelial area collect 

into numerous filaments that course dorsalward and converge 

to form a large oval bundle above the roof of the nasal fossa. 
The bundle of olfactory nerves lie lateral to the vomero-nasal 
fibers in its course through the large opening in the cranium. 

; Se 
File olllact. 

Fig. 5. A transverse section through the anterior portion of the olfactory 
bulbs of the turtle to show the relation of olfactory and vomero-nasal nerves. 
X 20. 

Upon reaching the cranial cavity olfactory fibers separate from 
the vomero-nasal fibers and pass ventralward to be distributed 

to the olfactory area on the apex and ventral surface of the 
olfactory bulb. 

The olfactory bulb is an ovoid mass extending horizontally 

forward from the forebrain. It is separated from the latter by 

a well defined oblique groove that defines a very short olfactory 
peduncle. By referring to figures 5, 6, 7, and 8 it will be seen 

that the surface of the bulb is sub-divided into two definite 
and separate areas. An oval area occupying the entire dorsal 

surface and upper half of the medial surface of the bulb to which 
the vomero-nasal filaments are distributed is the voméro-nasal 
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area of the olfactory bulb. This area is homologous to the 
accessory olfactory bulb of mammals. The olfactory area of 

the bulb is somewhat more extensive. It occupies the apex, 
and ventral surface and extends some distance upward on the 

Fig. 6 A transverse section through the middle portion of the olfactory bulb 
to show the relation of the vomero-nasal and olfactory areas. X 20. 

lateral and medial surface. The filaments of the olfactory 
nerves are distributed to this area. An extension forward of 
the fore brain cortex separates the vomero-nasal and olfactory 

areas of the olfactory bulb. 

Area vomero-nasal. 

Fig. 7 A medial view of a wax plate reconstruction of the olfactory apparatus 
of the turtle to show the origin course and distribution of the vomero-nasal and 
olfactory nerves. X 3. 

Fig. 8 A lateral view of a wax plate reconstruction of the olfactory apparatus 

of the turtle to show the origin, course and distribution of the vomero-nasal and 
olfactory nerves. X 3. 
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In transverse section (fig. 6) the olfactory bulb exhibits a 
large ventricle oval in form. One can distinguish the different 

concentric layers that have been described for this portion of the 
brain in other forms. The nerve fiber layer is incomplete and 

presents a dorsal segment of vomero-nasal fibers and a ventral 

segment of fila olfactoria. The latter completely encircles the 
olfactory bulb in the lower mammals. The glomerular layer 

presents a dorsal and a ventral segment. The former is much 
thicker than the latter. Then follow the molecular, nerve cell, 

the granular and ependymal layers in order. 

RANA 

The excellent description of the nasal fossa in Rana by Ecker 
and Gaupp has been frequently consulted and, as far as possible, 
the same terminology has been used in this communication. 
While he recognized the origin of the olfactory nerves from the 
olfactory mucosa by two branches—a large dorsal and a small 

ventral—and that the vomero-nasal nerves join the dorsal ramus, 

he failed to determine the further course and termination of the 
vomero-nasal nerves as a separate bundle. He states that the 

olfactory nerves on entering the cranium separate into two roots, 

an anterior distributed to the antero-ventral surface of the 
olfactory bulb, and a posterior root that is distributed to the 

accessory olfactory bulb. 
Zuckerkandl (10) was the first to recognize a separate vomero- 

nasal apparatus for the amphibians. He describes the formation 

of the common olfactory nerves as of fibers formed by the union 
of the olfactory and vomero-nasal nerves but fails to state the 

relations of vomero-nasal and olfactory nerves in their passage 

from the nasal cavity to the brain. 

RANA CATESBIANA 

Although the nasal cavity of the frog has been very carefully 
described by Ecker and Gaupp and in text books on comparative 

anatomy it appears to me advisable, owing to the complexity 
of the arrangement of its subdivisions, to summarize briefly 
its more important features. 
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The nasal cavity of the frog is situated in the anterior part of 
the cranium. It is very much flattened dorso-ventrally and 
expands anteriorly and laterally so that in a dorsal view it 
presents a semicircular outline. The anteriolateral curved 

Fig. 9 A transverse section through the head of the frog in the region of the 
external nasal opening. It shows the form of the principal and middle nasal 
chambers and the distribution of the olfactory mucosa. » 2.5. 

Fig 10 A transverse section through the head of a frog posterior to naris. 

It shows the relation between the superior, middle and inferior nasal cavities 

and the distribution of the olfactory mucosa. 2.5. 

Fig. 11 A transverse section through the vomero-nasal organ of the frog 

showing the relation of the superior, middle and inferior nasal cavities and the 

distribution of the vomero-nasal and olfactory mucosa. 2.5. 
Fig. 12 A transverse section through the middle of the principal nasal cavity 

of the frog showing distribution of olfactory mucosa and theJrelat ion of vomero- 

nasal and olfactory nerves. X 2.5. 

margins follow closely the curvature of the maxillae. It con- 
sists of two parts, the right and the left nasal fossae. Each 
fossa communicates with the exterior by an external nasal 
aperture, the naris, and with the oral cavity by an oval internal 

nasal aperture—the choana. 
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The nasal fossa is subdivided into several irregular communi- 
cating chambers which have become separated to a greater or 

less extent during the process of development, by the ingrowth 
of septa and ridges. It, therefore, presents for description a 

Vig. 13 A transverse section through the choana of the head of a frog. It 

shows the distribution of the olfactory mucosa and the relation of the vomero- 

nasal and olfactory nerves. 2.5. 

superior or principal, a middle and an inferior nasal chamber, a 
lateral recess, the vomero-nasal organ, and two well defined nar- 
row connecting channels, the infundibulum and the isthmus. 

The principal nasal chamber occupies a dorso-medial position 
and comprises about three fourths of the fossa (figs. 15 and 16). 
By referring to figure 9, it will be seen that a transverse section 

Fig. 14 A transverse section of the head of a frog passing through the poste- 
rior part of the superior nasal cavity. It shows the distribution of the olfactory 
mucosa and the relation of the vomero-nasal and olfactory nerves. X 2.5. 

of the céphalie portion of the superior chamber has a circular 
outline and communicates with the exterior by means of the 
naris. At the lower part of the lateral wall can be seen the 
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plica terminalis which marks off a deep groove which is the 

beginning of the infundibulum. In this region the principal 
nasal cavity is covered for about three-fourths of its circumfer- 
ence by olfactory neuro-epithelium. 

Faved. 

Naika 15 wos 

Fig. 15 A medial view of a wax plate reconstruction of the nasal fossa of the 
frog. It shows the origin and peripheral course of the vomero-nasal and olfactory 

nerves. About three times natural size. 
Fig. 16 A dorsal view of a wax plate reconstruction of the nasal fossa of a 

frog showing the origin and peripheral course of the vomero-nasal and olfactory 
nerves. About three times natural size. 

Fig. 17 Represents a dissection of the olfactory apparatus of the frog showing 
the origin course and distribution of the vomero-nasal and olfactory nerves. 
Two and one-half times natural size. 

Figure 10 represents a cross-section of the principal nasal 
chambers posterior to the naris. It presents the beginning of 
the infundibulum separated from the principal nasal chamber by 
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the broadened plica terminalis. It may be seen that the olf- 

factory neuro-epithelium covers the floor, the medial wall and 

the greater portion of the roof. The remaining one-third of the 

circumference is clothed by respiratory mucosa. The principal 
nasal chamber in figure 11 presents a nearly circular outline and 

communicates at its ventro-lateral margin with the middle nasal 
chamber by means of the infundibulum. The olfactory neuro- 
epithelium covers about three-fourths of its circumference. The 
lateral wall is covered by simple mucosa. In figure 12 the prin- 
cipal nasal chamber presents the form of an inverted horse shoe. 
The lateral limb of which communicates through the isthmus 

with the lateral recess. The olfactory eminence which extends 

dorsally from the floor aids materially in giving the peculiar 
form to this portion of the cavity. It will be seen that the 
olfactory neuro-epithelium has become separated into two areas 

by a narrow intervening zone of indifferent mucosa. One area 
covering the olfactory eminence and a more extensive layer 

lining nearly all of the medial and lateral walls and the roof. - 

Figure 13 represents a section passing through the choana. 

The principal nasal chamber has an outline similar to that of 
figure 12. It communicates directly with the choana. The 

olfactory eminence has increased in height and breadth. The 

olfactory neuro-epithelium occupies two areas on the circum- 

ference of the chamber. One caps the olfactory eminence, the 
other covers the upper part of the medial wall and about the 

medial two-thirds of the roof. The former is more extensive 

and the latter less extensive, than shown in figure 12. These - 

two areas are separated by a broad intervening zone of respira- 
tory epithelium. 

Figure 14 represents a section posterior to the choana. The 
principal nasal chamber shows marked reduction in size and has 

a semilunar outline. The olfactory eminence is very much 

flattened. The olfactory neuro-epithelium caps the olfactory 
eminence and covers a portion of the medial wall and roof of the 

nasal chamber; the remaining circumference in this region is 
covered by respiratory epithelium. 
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The small middle nasal chamber is situated ventro-lateral to 
the cephalic extremity of the principal chamber. It is much 
flattened dorso-ventrally and broad in a transverse direction 

(figs. 15 and 16). The naso-lachrymal duct communicates 

with its postero-lateral angle (fig. 10). Posteriorly it communi- 

cates with the principal nasal chamber through the anterior 

part of the infundibulum (fig. 11), and more caudally with the 

inferior nasal chamber. In fact, the middle chamber appears 
to be merely an anterior sacculated expansion of the tear duct. 

It is lined by simple mucosa. 
The inferior nasal chamber is an elongated, transversely 

placed cavity lying ventral to the cephalic extremity of the 

principal nasal chamber. It is directly continuous laterally 

with the lateral recess and medially with the vomero-nasal organ. 
The inferior nasal chamber as shown in figure 10 is an obliquely 

placed cavity, oval in outline, and clothed by ordinary mucosa. 

In figure 11 this cavity is shown in direct communication laterally 
with the lateral recess and medially with the medial recess, the 

vomero-nasal organ. It is everywhere covered by simple mucosa. 

The lateral recess is the direct latero-caudal extension and 

expansion of the inferior nasal chamber. It is oval in outline 

and follows the curvature of the maxilla. It communicates 

anteriorly with the inferior nasal chamber (fig. 11), medially 

with the principal chamber through the isthmus (fig. 12), and 

more caudally with choana and oral cavity (figs. 13 and 14). 

It is lined by simple mucosa. 
The vomero-nasal organ is a cup shaped structure that lies 

at the medial extremity of the inferior nasal chamber and com- 
municates directly with it laterally. It is clothed by neuro- 

epithelium (fig. 11). The infundibulum is a broad flattened 

channel which permits communication between the anterior 

portion of the principal nasal chamber and the middle and the 

inferior nasal chambers. 
The isthmus is an obliquely placed slit (fig. 12), broad in a ~ 

sagittal plane that serves as a means of communication between 

‘the principal nasal chamber and the lateral recess. 
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It will be seen from the foregoing and by referring to figures 

9 to 16 inclusive that the neuro-epithelium is found in two 
separate and distinct regions of the nasal fossa. 

The olfactory mucosa consists of a very extensive and irregular 
area on the wall of the principal nasal chamber. From an 
extensive area covering the anterior wall and the adjacent por- 
tions of the floor, medial wall and roof as shown in figures 9, 
10, and 11, the olfactory mucosa extends caudalward in two 
strips or zones separated by intervening zones of respiratory 
epithelium, figures 12, 13, and 14. The ventral, caudal pro- 
longation covers the olfactory eminence and gives origin to the 

small ventral branch of the olfactory nerves. The dorsal, 

caudal prolongation covers a variable portion of the medial 
and lateral walls and the roof of the principal nasal chamber. 
This portion of the olfactory mucosa together with the extension 

forward on to the anterior wall gives rise to the large dorsal 

branch of the olfactory nerves. 

The vomero-nasal mucosa lines the wall of the cup-shaped 

vomero-nasal organ and gives rise to the vomero-nasal nerves. 
All the remaining portion of the nasal cavity is lined by respira- 
tory epithelium. 

It will be seen from the foregoing description that the vomero- 

nasal apparatus in the turtle equals in size and importance that 
of the ordinary olfactory mechanism. That the olfactory bulb 
exhibits an olfactory and a vomero-nasal area which share about 

equally in its formation. In the frog, however, the vomero- 

nasal apparatus apparently performs a secondary roll in olfaction. 
It is very small compared to the olfactory mechanism. The 
accessory olfactory bulb is situated on the lateral surface of the 

hemisphere caudal to the olfactory bulb and is only about one 
twenty-fifth the size of the olfactory bulb. 

By referring to figures 12, 13, and 14 it will be seen that the 

olfactory nerves collect into two separate groups. Filaments 

‘ collecting into nerve bundles on the dorso-medial wall of the 

superior chamber form the large dorsal ramus of olfactory 
nerves and filaments collecting into nerve bundles from the 

mucosa of the olfactory eminence form the small ventral branch 
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of the olfactory nerves. These branches course caudalward and 

join to form a single bundle at the caudal extremity of the prin- 
cipal nasal chamber. From this point it courses to the olfactory 
bulb where it becomes distributed over the antero-ventral 
surface. 

The vomero-nasal nerves formed by filaments from the dorsal, 

ventral and medial walls of the vomero-nasal organ form a 

single rounded bundle that courses dorso-caudally in the medial 
wall of the principal nasal chamber. At the caudal extremity 

of this chamber it joins the bundle of olfactory nerves. Although 

there is a slight intermingling of the vomero-nasal and olfactory 

bundles the majority of the fibers of the former can be followed 

in their spiral] course caudalward where they wind beneath the 

olfactory nerves to gain the lateral side of this bundle and course 
over the lateral surface of the olfactory bulb to reach the ac- 

cessory olfactory bulb, which lies more caudally (fig. 17). 
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HISTOLOGICAL STRUCTURE OF THE RETRACTOR 
PENIS MUSCLE OF THE DOG 

HOMER G. FISHER 

From the Anatomical Laboratory of the Johns Hopkins University 

FOUR FIGURES (TWO PLATES) 

During the past few years, physiologists and chemists have 

been working with the retractor penis muscle of various animals, 

chiefly of the dog. The muscle has in every case been regarded 
by these workers as composed of non-striated fibers. The re- 

sult® obtained in these investigations have been discordant, 

differing in some regards from the customary reactions, both 

physiological and chemical, of other smooth muscles. At the 

suggestion of Dr. Charles D. Snyder, this study of the histology 

of the retractor penis muscle was undertaken, for it was felt that 

any theories of smooth muscle contraction, arising from a study 

of this retractor muscle, must be based upon an established 

histology. 
The retractor penis muscle in the dog is a cord-like structure, 

pale and translucent in its anterior portion but somewhat 
darker and more fleshy in its posterior iraction. It has its 
origin by two separate bundles of fibers, one from each side of 

the sphincter ani muscle. These bundles pass ventrally and 
at a distance of about 1 em. from the sphincter join in the median 

plane and run forward over the ventral surface of the corpus 

spongiosum to the base of the glans where the fused bundles are 

inserted into the corpus spongiosum. In the medium-sized dog 
of 6 to 10 kilograms, the muscle has a length of about 50 mm. 

while its diameter is about 3 mm. throughout its whole extent. 

The muscle is surrounded by a dense fibrous sheath, continuous 
with the fascia covering the sphincter. On both sides of this 
are the bulbocavernosus muscles; these are attached partly into 

the sheath of the retractor penis muscle and partly into the 
69 
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fibrous tissue of a median raphe on the ventral side of that 

muscle. 

In this study the retractor penis muscles of five adult dogs 
and‘of one puppy were examined. The muscles were removed, 
fixed in Bouin’s picro-formalin-acetie fluid and embedded in 

paraffin. The sections were stained in hematoxylin and eosin, 

iron hematoxylin and Mallory’s connective tissue stain. One 

muscle was cut serially and another was removed with the adja- 

cent part of the bulbocavernosus intact; this block was see- 
tioned for the purpose of determining the relations of the two 
muscles. Representative sections were examined from different 
parts of the other retractor muscles. 

A study of the sections showed in every instance that the 

retractor muscle is mixed, i.e., composed of both smooth and 
striated fibers. The anterior three-fifths of the muscle is #om- 

posed entirely of smooth fibers (fig. 1) while the posterior two- 

fifths is made up of fibers of both types (fig. 3). The number of 

striated fibers in the posterior part is variable but their presence 

is constant. The proportion of striped muscle varied in the 
specimens studied from one-third to one-half. The proportion 

of striated fibers was least in the muscle from the puppy. 

A characteristic field in the anterior part of the muscle (figs. 
1 and 2) shows large spindle-shaped smooth muscle cells varying 

in none of the essential features from the usual text-book de- 
scriptions. The cells for the most part have their long axes 

parallel to the long axis of the muscle but there is some tendency 
to interlacing of the fibers and bundles of fibers (figs. 1). With 

Mallory’s connective tissue stain the muscle plasma takes the 
characteristic red color. Sections treated with this stain show 

the amount of connective tissue to be abundant. This tissue is 
partly of the white fibrous variety, but there is distributed 

throughout a relatively great number of elastic fibers. In cer- 

tain of the sections (fig. 2) these fibers have an undulating, 

wavy appearance. The nuclei of many of the smooth muscle 
cells in such a region tend to assume spiral forms. MeGill (’09) 

has described this phenomenon in smooth muscle from the 

walls of arteries and has reviewed the literature on the subject 
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particularly in regard to its cause and significance. The spiral 
form may be due, as is suggested, to the “active or passive” 

contraction of the muscle cells, or it may be related to the short- 

ening of the elastic tissue. While the cause of these spiral 
nuclei cannot be determined from the evidence at hand, it may 

be noted that in the tissues in which MeGill described the phe- 
nomenon, there is also associated with the muscle element a 

relatively large amount of elastic tissue. In the sections from 
the retractor muscle studied, the spiral form of the nuclei is 

most abundant where the elastic tissue is most undulating and 

presumably in the most shortened state. 

The microscopic structure, then, of the anterior three-fifths of 

this muscle is quite characteristically that of any smooth muscle, 

with, however, a considerable interlacing with yellow elastic 

tissue. In the posterior portion of the muscle, the histology is 

quite different (figs. 1 and 3). Interspersed with the typical 

bundles of smooth muscle cells are frequent small fasciculi of 
striated muscle fibers. These fasciculi are often broken up 

with the individual fibers diverging somewhat from the original 

plane. In other places, a few single and isolated cross-striated 
fibers are found in the midst of dense smooth muscle fasciculi. 

In general, however, the grouping of the striated fibers is in 

small fasciculi, alternating with equally small bundles of the 
non-striated variety. This rather general arrangement can be 
made out in a low-power photomicrograph of a characteristic 
field in the posterior two-fifths of the muscle (fig. 3). In this, 

it is seen that the general direction of the fasciculi is parallel 

to the long axis of the muscle. 

Under higher magnification, the cross-striated fibers are found 

to possess the typical structure of such voluntary muscles from 

other parts of the body. The striation (fig. 4) is very distinct 

and outspoken, very regular and at right angles to the long 

axis of the fiber. The alternation of light and dark bands is 
entirely similar to that of typical cross-striated muscle. The 
nuclei, oval and with only a small amount of chromatin, are 

found solely in the peripheral portions of the fibers. Between 
these fibers, a minimum amount of white fibrous connective tissue 
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with but few yellow elastic fibrils is found. When stained by 

Mallory’s method, the cross-striations of these fibers are beauti- 

fully brought out, if Kingery’s (16) use of this stain after 

Bouin’s fixation be followed. Under this higher magnification, 

also, the smooth muscle fibers are found to be quite similar to 

those of other organs (fig. 4). 

In the posterior two-fifths of the retractor muscle, the propor- 

tion of striped fibers to the unstriped is about equal, or the un- 

striped fibers may be somewhat in excess. This proportion has 
been calculated from a study of the serial sections through the 

whole retractor muscle of an adult dog; it represents not an- 

exact determination of the amount of either type of muscle but 
rather a rough judgment of the proportion. In many single 
sections, as illustrated by figure 3, the relative amounts of stri- 

ated and smooth muscle may be easily estimated. Apparently, 

the amount of striped muscle in the one puppy studied was 

somewhat less than in the adult animals. 
In the gross, it seemed possible that the striated element of the 

retractor muscle might be derived from direct extensions of the 

bulbocavernosus fibers which at their insertions attach partly 

to the sheath of this muscle in its posterior portion. Serial 
sections, however, of a block made up of the two muscles removed 

intact failed to demonstrate any such origin; there was always a 
definite fibrous sheath interposed between the fibers of the 

retractor and those of the bulbocavernosus. While no definite 
continuous prolongation of the striated fibers from the adjacent 

structures was demonstrated, it is possible that they are derived 

from the same anlage as the sphincter ani muscle with which 

the retractor is so closely associated. The exact origin of the 

retractor penis muscle is rather indefinite, for the fibers arise 
gradually out of the sphincter. 

The nerve supply to the retractor penis muscle was not dem- 

onstrated. It was suggested that if the muscle was supplied 
by the sacral autonomics (as seems most likely), one might pos- 

sibly be able to find nerve ganglia either in the muscle or in its 
sheath. Systematic search was made in serial sections for nerve- 

cells but with negative results as regards the demonstration of 

such collections of nerve-cells. 
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Thus it seems quite necessary to consider this retractor penis 

muscle as being mixed, composed of both smooth and striated 

fibers. Until 1915, however, this muscle, so far as it is possible 
to determine from the literature, was considered as a typical 
smooth muscle. This conception of its histology has led to its 

use by chemists as a relatively large mass of smooth muscle 
tissue, and determinations of the creatin, carnosine and other’ 

nitrogenous extractives in it have been made. ‘The finding of a 

disproportionate amount of these chemical bodies in this muscle 

differentiated it chemically from other smooth muscles. The 
chemists, however, have considered that the findings harmonize 

with Botazzi’s observation that the muscle is different physio- 

logically from intestinal or other smooth muscle, for it has a 

shorter latent period and sometimes presents two types of con- 

traction, viz., the clonic and tonic. But it seems proper to 
suggest here that the finding of a somewhat larger amount of 

creatin and other nitrogenous bodies in the retractor muscle was 

due to the presence of cross-striated fibers. 
Retterer and his co-workers (’09-'15), in a series of articles 

dealing with the structure of muscle, has described the retractor 

muscle anatomically, both from a gross and microscopical 

standpoint, and has reviewed the literature on the subject. 

Chauveau was apparently the first to examine the muscle 

histologically, and in 1857 described it in the horse as com- 

posed of smooth muscle fibers (fibres musculaires de la vie 

organique). Comparative anatomists in subsequent publica- 

tions either did not comment on the microscopic structure of the 
muscle or merely stated that it was involuntary. Retterer ('15) 

concluded that the muscle was striated but attributed the stria- 

tions to the branching of the elastic tissue fibers and not to the 

characteristic cross-striations of voluntary muscle. These 

branches were described as leaving the longitudinal elastic 
fibers at right angles and encircling the muscle fibers or even 

passing into their substance, so as to give the appearance of 

heart muscle. Such appearances have also been observed in 
the present study, but the phenomenon of the cross branching 
of elastic fibers was found to oceur only in the smooth portion 
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of the muscle. It must be emphasized, however, that these 

lateral branchings of the elastic elements of the muscle are en- 

tirely different from the striations of the striated fibers in the 

posterior part of the muscle where the cross-striations observed 

are evidently due to the alternation of light and dark bands in 

the myofibrils, as in typical cross-striated muscle fibers. 

Botazzi (15), who made an extensive study of the retractor 

muscle from a physiological standpoint, divided the muscle into 

three parts—an anterior or prepucial end, a middle portion, and 

a posterior or perineal end. He stated that the posterior frac- 
tion is darker than the other portions and suggested that it re- 
sembles striated muscle in its gross appearance. On direct 

stimulation he obtained from some specimens two types of con- 

traction—a clonic or twitch contraction, and a tonic contrac- 

tion (slow and gradual)—while from other preparations he 

obtained only the tonic contraction. He writes (page 11) that 

“if the animal is very large the muscle is excessively long and 

then I take only the prepucial and middle parts. If instead the 
animal is small, I isolate and take out also the extreme perineal 

end.’ While he does not state with which muscle preparations 

he obtained the two types of contraction, it is possible that they 

were obtained only from those preparations comprising the en- 

tire muscle. This would include the portion of the muscle con- 

taining the striated fibers which on direct stimulation should 

give a clonic type of contraction. On the other hand, the 

smooth muscle fibers might well be expected to yield only the 

tonic type of contraction. 

It seems, then, justifiable to conclude that the retractor penis 
muscle of the dog is mixed. In the anterior three-fifths the 

fibers are wholly smooth while in the posterior two-fifths the 

fibers are both smooth and cross-striated. The divergent 

chemical and physiological observations based on the assump- 

tion that this muscle was wholly smooth, have a possible expla- 
nation in the mixture of the two kinds of muscle fibers here 
described. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 Retouched photomicrograph of typical field in anterior two-fifths of the 
retractor penis muscle of the dog. The smooth muscle fibers are shown col- 

lected in bands and converging somewhat at the anterior termination of the 
muscle. Enlargement, 240 diameters. 

2 Retouched photomicrograph, under higher magnification, of the ree- 
tangular area shown in figure 1. The fasciculi of smooth muscle fibers are shown 
separated by somewhat abundant connective tissue. The nuclei of the non- 
striated fibers exhibit a spiral form. Enlargement, 750 diameters. 
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PLATE 2 

EXPLANATION OF FIGURES 

3 Retouched photomicrograph of a typical field in the posterior two-fifths 
of the retractor penis muscle of the dog. The alternation in the section of stri- 
ated and non-striated fibers is well brought out and the equal proportion of the 
two types of fibers is indicated. Enlargement, 180 diameters. 

4 Retouched photomicrograph of the squared area in figure 3. The typical 
cross striations of the cross-striated muscle fibers and the peripheral distri- 
bution of their nuclei is well brought out. On both sides of these striated fibers 
are dense bundles of smooth muscle. Enlargement, 750 diameters. 
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PRELIMINARY NOTE ON THE NUCLEAR DIVISION 
IN THE ADIPOSE CELLS OF INSECTS 

WARO NAKAHARA 

From the Department of Entomology, Cornell University 

ELEVEN FIGURES 

As to the biological significance of amitosis, Flemming’s ('91) 

theory that ‘‘it represents either degeneration or an aberration, 

or perhaps in many cases is tributary to metabolism through 

the increase of nuclear surface’’ (Wilson, ’00, p. 117) is generally 

regarded as representing the truth. Cells which have divided 

amitotically and are active in their metabolic processes may 
eventually degenerate and perish. This, however, is no direct 
proof of the first part of Flemming’s statements here cited. 

My study on the relation of nuclear divisions and metabolic 

activity in the adipose cells of various insects furnishes good evi- 

dence to show that amitosis does not mean the approach of de- 

generation, or aberration at all, but this kind of nuclear division 

may be chiefly, if not entirely, to secure the increase of the 

nuclear surface to meet the physiological necessity which is due 

to active metabolic interchanges between nucleus and cytoplasm. 

This is the theory first suggested by Chun more than twenty- 

five years ago (90), when he studied amitotic nuclear division 

in a giant entodermic cell of the radial canal of Siphonophores 
(Flemming, '91, ’92; Wilson, 00), but was somewhat neglected by 

subsequent writers. According to this theory, amitosis is pri- 
marily concerned with the vegetative function of individual 
cells, and so amitosis can no longer be regarded as one of the two 
essential methods of cell-multiplication. It may perhaps be 

considered in association with such phenomenon as the ramifica- 
tion of the nucleus -with its increasing functional activity, as in 

the case of silk-gland cells of many insects, and the division of 
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§2 WARO NAKAHARA 

the cell-body following that of nucleus is a relatively subordinate 

phenomenon. 

In this paper I wish to point out that in the case of the adi- 

pose cells of insects, amitotic nuclear division occurs prepara- 

tory to as well as simultaneously with a certain metabolic ac- 

tivity of the cell, in which muclei take the réle of essential im- 
portance. Fuller accounts of the relation of nuclear division 

and the metabolism of the cell in question, together with more 
extensive discussion on the general subject of amitosis, will be 

given in my further paper. 

The following observation done primarily on larvae of Pieris 
rapae, brings out the general feature of the changes observable 
in larval adipose cells during their activity. Changes similar 
to those described below, have been observed by many previous 
writers and also by myself in the case of various other insects. 

In an adipose cell from a larva of the first stage the nucleus is 

round and shows no sign of division; the cytoplasmic area is 
small in most cells and contains only a few vacuoles. These 

vacuoles we interpret as indicating the places occupied by fat- 
droplets. This rather unspecialized condition of the cell changes 

in the following stage by areal expansion and more vacuolate 

appearance of the cell-body and by frequent occurrence of pe- 

culiarly shaped nuclei. Some few of these nuclei show nothing 

but their irregularity in shape, while most of the others appar- 

ently represent different stages in the process of amitosis. 

I have shown in figures 1 to 7 sketches of nuclei, all repre- 

senting possible stages of amitosis, and many of which one can 
find in every section. I have not been able to find any particu- 

lar way in which these nuclei divide, except that the division 

itself is effected by the constriction of the nucleus across its 
longitudinal axis, thus making the nucleus show a bilobed con- 

dition. More rarely, in the case of long, slender nucleus, con- 
striction may take place at more than two different places in 

the nucleus, and in that case the latter shows multilobed ap- 

pearance. Nucleoli and chromatin granules are apparently 
evenly distributed throughout the nucleus, and neither of them 

seems to behave unusually during the process. 
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In the third stage larva, one may notice the fact that some 

of the cells begin to show peculiar spherical granules in the 

cell-body. As pointed out by Berlese (99), Pérez (’02, ’10), 

Henneguy (’04), and others, these granules are of albuminous 

nature, and occur more abundantly in close proximity to nucleus, 

than in the periphery of the cell. They become very abundant 

at the fourth stage and at the last larval stage almost all of the 

adipose cells are seen to be filled with the granules. The cell- 

Figs. 1 to7 Nuclei of adipose cells, representing possible stages of amitosis 

x 750. Figure 6 represents predominating type. 

body becomes larger and larger with the advancing stages of the 

insect; apparently correlating with this, the occurrence of 

nuclear division is seen more and more frequently, and finally, 

in old larvae, we find the condition as shown in figure 8 to be 

met with very commonly. 
Summarizing the facts, we may say that, in the adipose cell, 

the nucleus continues to divide amitotically from early in the 

second stage, and the cell stores up albuminous granules in its 

cell-body, commencing the process late in the third stage. ‘This 
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shows that the cell-nuclei which have undergone amitotic di- 
vision, without regard to whether the cells remain multinucleate 
or not, do not degenerate, and the.cells proceed with their active 
functional processes. This can be more strongly emphasized 
because we now see the fact that nuclei themselves take a direct 
part in the formation of albuminous granules, giving most 
conclusive evidence in support of the theory. 

Fig. 8 A multinucleate adipose cell from an old larva, containing albuminous 
granules in its cell-body. X 250. 

It has been supposed by some writers that albuminous gran- 
ules are derived from the blood. Hollande’s (’14) recent work, 

from the chemical viewpoint, casts grave doubt on this assump- 

tion, and although he has given no evidence, he has suggested 

that the granules may be of nuclear origin. It seems quite 
probable, from a cytological point of view, that such might really 

be the case, and especially so when we recall the fact that, in 

the case of silk gland cells of Pieris and Neuronia at least, the 

nucleoli, after eliminating their phosphorus, change into albu- 

minous granules and then extrude bodily out of the nucleus 
(Nakahara, °17). 
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Examining the nuclei of such cells as contain the granules, 
one can distinguish three different kinds of granules within them. 

One of the three kinds undoubtedly represents chromatin and 

another nucleoli, as can be judged from their appearances and 

staining reactions, characteristic of such elements. The third 
kind of granule is of nearly the same size as nucleoli but differs 

from the latter in that it shows stronger affinity for certain acid 

Figs. 9 to 11 Nuclei of adipose cells, showing the extrusion of acidophile 
granules. X 750. 

and weaker for basis stains. This is exactly the sort of reac- 

tion shown by the cytoplasmic albuminous granules, and one 

may here assume that these acidophile granules in the nucleus 
may be extruded into the cell-body, constituting the albuminous 

granules in question. As evidence in support of this theory, I 

have shown in figures 9 to 11 some unmistakable cases of extru- 

sion of the acidophile granules into the cell-body through the 
nuclear membrane. These are not cases rarely observable but 

are those of -very frequent occurrence. 
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A POLYEMBRYONIC BLASTOCYST IN THE OPOSSUM 

J. T. PATTERSON AND C. G. HARTMAN 

Contribution from the Zoological Laboratory of the University of Texas, No. 134 

ONE TEXT FIGURE AND TWO PLATES 

INTRODUCTION 

While engaged in collecting material to complete the series 
of stages on the development of the opossum, Didelphys vir- 
giniana, we have recently come upon a polyembryonic blasto- 

cyst containing four embryos. The history of the female from 

which this specimen was taken is as follows: The female (no. 

300) came from the wild, and was received at the laboratory on 

January 20. It was anaesthetized and the left uterus removed 

at 9.26 p.m. that evening. This uterus had six normal blasto- 

cysts, each measuring between 10 and 11 mm. in diameter and 

containing an embryo in the early somite stage. The incision 
was closed and the animal allowed to live until the next day, 

when she was killed at 12.15 p.m. In addition to the poly- 

embryonic blastocyst, the right uterus was found to contain one 

dead vesicle above 7 mm. in diameter, and six normal blasto- 

cysts, each with an embryo. The average normal blastocyst 

from the right uterus measured about 14.9 mm. in diameter 

(fig. 7), while the polyembryonic specimen is not quite as large, 

measuring only about 12.88 mm. in diameter (fig. 4). 
For several reasons this case is of especial interest. In the 

first place, it represents one of those rare cases in which a poly- 
embryonic blastocyst has been discovered in a multiparous 

mammal. In the second place, it may have a bearing on the pos- 
sibility of normal polyembryony occurring in Marsupials, as 

reported by Bluntschli (’13) for the South American opossum, 
Didelphys marsupiales. Finally, as will be shown later, the 
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arrangement of the embryos suggests a close similarity to the 
paired condition that is normally found in the four embryos of 

the Armadillo, Tatusia novemcincta. 

DESCRIPTION OF THE POLYEMBRYONIC BLASTOCYST 

In the normal blastocyst of this litter the embryo has already 

sunk beneath the surface of the blastoderm, and owing to the 

well-developed cervical flexure, the anterior portion of the 

embryo with its membranes projects into the cavity of the 

blastocyst (fig. 8). In the surface view the posterior end of the 

embryo is dimly seen through the membranes (fig. 7). The 

area vasculosa covers almost the entire upper half of the blas- 
tocyst. It is limited by a sinus terminalis, which forms a dis- 
tinct marginal notch at the posterior margin where the vessels 

lead to the embryo. 
In the polyembryonic blastocyst there is also a well-formed 

area vasculosa, with a less distinct notch on the lower side 

(figs. 4, 5). There is a baying in of the sinus terminalis on the 

right side, suggesting a second notch, but no vessels pass from 

this to the embryos (fig. 6). With the exception of the united 

posterior ends of the two embryos lying above in the figure, the 

embryos have only begun to sink down into the blastoderm 

(fig. 5). 

The four embryos are arranged approximately in the form of a 

square, ‘with each embryo constituting one side (fig. 6). The 

area included within the square is somewhat higher than the 

general level of the embryos, giving to this central area the ap- 

pearance of a vesicle. This is produced by the sinking of the 

embryos into the blastoderm. In sections the central area is 

seen to be structurally of the same character as the vascular 

area lying just outside the square. 

The exact nature of the paired arrangement of the embryos 

can best be described by reference to the sketch shown in text 

figure 1. For the sake of convenience in description, the 
embryos are designated by. the Roman numerals I-IV. 

Smbryos I and II are united at their posterior ends, and con- 

stitute one pair. Embryos II] and IV are similarly united, and 

wo 
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constitute the other pair. All of the embryos have the fore- 

limb buds well started. The components of each pair are not 

equal in size, embryo I being somewhat smaller than its twin, 

and embryo III decidedly smaller than IV. 

DESCRIPTION OF EACH EMBRYO 

In order to be able to give a brief description of each indi- 

vidual embryo, it is necessary to have recourse to sections. The 

embryos were cut into a series of sections (12 4). The plane of 

Fig. 1 Outline sketch of the four embryos. Note that they are in two pairs, 

embryos I and II being united at posterior ends, and likewise II] and IV. The 
broken lines represent the planes of the three sections illustrated in figures 1 to 
3. The numbers at the ends of these lines correspond to the sections in the 
series. X 8. 

section is approximately transverse to the long axis of embryo 

II (fig. 1). There are 396 sections in the series, three of which 

(96, 242, 331) are drawn in figures 1 to 3. Section 96 passes 

through heart of embryo II, oblique through embryo III, and 
transverse through the posterior end of embryo IV. Section 242 

passes through the 12th pair of somites of embryo II, and the 

fore-limb buds of embryo IV. Section 331 cuts the posterior 
end of embryo II, and passes obliquely through embryo I. 

Embryo I. This embryo is 4 mm. long, and has 13 to 14 

pairs of somites. The neural tube is closed in the brain region, 

but is represented by a flat plate posteriorly. The heart is 
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present but highly abnormal. The anterior half of the noto- 

chord is formed, and the Wolffian ducts are well developed. 

Embryo II. This embryo is practically normal, and bilater- 

ally symmetrical. It is 5 mm. long, and has 20 pairs of somites. 

The neural folds, anterior to the level of the first pair of somites, 

is open, but a typical neural tube extends from this point back 
to the 13th pair of somites. Posterior to this a characteristic 
open myelon extends to the end of the embryo. It has a well- 

developed heart, notochord, auditory vesicles, and Wolffian 

ducts. 

Embryo III. This embryo is 3.25 mm. long and has 6 pairs 

of somites. The embryo is so highly abnormal that it is diffi- 

eult to make out all the details of structure in oblique sections. 

However, the central nervous system is represented by a flat 
plate throughout the entire length of the embryo, except at 

extreme anterior end, where the folds are slightly elevated. 

The heart is very rudimentary, but the Wolffian ducts are pres- 

ent. No notochord nor auditory vesicles could be distinguished 

in the sections. 
Embryo IV. This embryo is 4.5 mm. long, and has 15 pairs of 

poorly developed somites. The neural folds are open at the an- 

terior end, but closed at the level of the midbrain region. Pos- 

terior to this there is a flat neural plate, with a slight indication 
of folding in the region of the limb buds (fig. 2, IV). A noto- 

chord is present for a short distance in the region of the heart. 
The Wolffian ducts and auditory vesicles are both present. 

DISCUSSION 

At least three of the embryos are abnormal and would not 

have formed normal individuals. So far as one can tell from a 

study of the fourth embryo (II), it is normal, and probably 
would have completed its development. Regardless of whether 

or not any of the embryos would have reached full term, the 

case is none the less interesting, because it shows that the blas- 

tocyst of the opossum can produce more than a single embryo. 

There is no good reason to doubt that the blastocyst of this species 
may sometimes produce a normal polyembryonic group of indi- 
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viduals. But should such a group come to full term, the indi- 
viduals could not be distinguished from those in the litter aris- 

ing singly from the other blastocysts. This fact probably ae- 

counts for the extreme rareness of observed cases of polyem- 

bryony among multiparous mammals, in contrast to the numerous 

cases on record for uniparous mammals. 

In reference to the bearing of this case on the probability of 

polyembryony occurring in the South American species, we may 

call attention to the brief report of Bluntschli’s (13) demon- 
stration at the 27th meeting of the Anatomische Gesellschaft, 

held at Greifswald. This investigator demonstrated several 

embryos and young from the pouch, as well as one opened uterus. 

It is stated that the latter contained four embryos, each in its 

own amnion, but all lying within a single chorionic cavity. 

The condition in this uterus was corroborated by analogous 

preparations of younger stages. Bluntschli considers the oc- 

currence of polyembryony in Didelphys marsupiales as prob- 

able, not only because of the conditions of the young in the 

uterus, but also because he had always encountered the young 
from the pouch of the same sex. In the light of these facts it 

may be that the rare occurrence of multiple-embryo formation 

in D. viginiana has become a permanent phenomenon in the 

development of D. marsupiales. 
As to the manner in which multiple embryos are formed in the 

blastocyst of the opossum, we cannot, from the study of a single, 
comparatively advanced stage, offer any definite explanation. 

It is, however, a significant fact that there are four embryos, and 

that the arrangement of these on the blastoderm suggests a cer- 
tain similarity to the condition in the armadillo. As in the 

armadillo, the four embryos of the opossum are clearly in two 

pairs. Furthermore, one of the two embryos in each pair is 

larger than its twin, exactly as has been described for an early 

stage of the armadillo (Patterson, ’13). 
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PLATE 1 

EXPLANATION OF FIGURES 

lto3 Sections 96, 242, 331, respectively, of the series. The Roman numerals 
indicate sections through the four embryos. X 37. 
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PLATE 2 

EXPLANATION OF FIGURES 

4 Dorsal view of the entire polyembryonic blastocyst, showing the four 
embryos arranged in the form of a square. X 2.95. 

5 The area vasculosa with embryos. X 4. 

6 The same, after staining and clearing, photographed by transmitted light. 

x 6.5. 

7 Dorsal view of a monembryonic blastocyst from the same. litter. The 
back of the embryo, lying in the center of the area vasculosa, is dimly seen 
through the membranes. X 2.95. 

8 View of the inside of the same blastocyst, from which the lower wall has 

been cut away. It clearly shows the embryo projecting into the cavity of the 
blastocyst. X 2.95. 

4, 5, 7 and 8 are each one-half of stereoscopic photographs. For all of these 
photographs we are indebted to our friend Dr. Chester Heuser of the Wistar 
Institute. 







SOME OBSERVATIONS ON THE ORIGIN OF MELANIN 
PIGMENT IN FEATHER GERMS FROM THE PLYM- 
OUTH ROCK AND BROWN LEGHORN FOWLS 

R. M. STRONG 

From the Anatomical Laboratories of Vanderbilt University Medical School 

SIX FIGURES 

I. INTRODUCTION 

This paper is a consequence of work done under my direction 

by Katherine Knowlton, a candidate for a Master’s degree at the 

University of Chicago during the year 1912-1913. She was as- 

signed comparative research on the pigmentation phenomena of 
feather germs from the Plymouth Rock and Brown Leghorn 

fowls. In the course of this work some new facts concerning 

the origin of pigment in feather germs were discovered. A 

preliminary statement concerning these results has been made 

(Strong, °15). 

I have recently restudied Mrs. Knowlton’s material, and I 

have prepared the illustrations which accompany this paper, as 
well as the manuscript. 

The development of melanin pigment in feathers has been 

described in detail in a preceding paper (Strong, ’02). Others 
who have written on the subject are mentioned in that publica- 

tion. Since then, an important paper by Lloyd-Jones ('15) has 

appeared. This discusses incidentally the origin of melanin 

pigment in various varieties of domestic pigeons. 

As stated in previous publications, the feather is purely epi- 

dermal in origin. It is differentiated from tissues which make 
up a cylinder surrounding a central core of dense and very 

vascular mesenchyma, the dermal pulp (figs. 1 to 6). The mes- 
enchyma is separated from the epidermal cylinder by a base- 

ment membrane (figs. 1, 2, 5 and 6) which is well defined except 
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at the proximal end of the feather germ. The epidermal tissue 
includes an external sheath and a layer of stratified squamous 

epithelium under the sheath, the inner sheath cells, neither of 

which become parts of the feather structure. Between the 
dermal pulp and the inner sheath cells lies a broad zone of cells 
the intermediate cell region, (fig. 1). This zone is divided by radial 

extensions of the basement membrane (figs. 2 and 6) into sec- 

tions called barb-vane ridges by Jones (’07), except at the 

proximal end of the feather germ. Each barb-vane ridge con- 
sists of so-called cylinder and intermediate cells. The cylinder 

Basement membrane, 

Dermal melanophores : 

Epidermal " 

melanophores 

Derma) pulp 

' 
‘ 

i oe 

if “Tnferior umbilicus 
‘ 

/ Intermediate-cell region 

Sieve she ath-eells 

Fig. 1 Partly diagrammatic longitudinal section of proximal end of feather 

germ. X 30. Melanophores are indicated by dots. Drawn with aid of camera 

lucida. 

cells make up a layer, one cell deep (figs. 2, 4; and 6) which lies 

next to the basement membrane and its radial extensions. This 
layer has the form of a deep and narrow gutter or a letter U in 
cross section. The base of the U or gutter lies next to the 

dermal pulp except for the intervening basement membrane, and 
the other end is next to the inner sheath cells. The space inside 

the limbs of the U is filled by intermediate cells (figs. 2, 4, and 6). 

All of the feather structure except the loose pith in the quill is 
developed from these intermediate cells. Some of the inter- 
mediate cells are differentiated into melanophores which supply 

melanin granules to the differentiating feather cells. 
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For details concerning these remarkable pigmentation proc- 
esses, the reader is referred to a previous paper (Strong, ’02). 
There the histogenesis of the feather also is described in detail 
except in the case of the shaft and quill whose development was 
worked out by Davies (’89). 

Inner sheath-cells 

¥%Intermediate 
Basement membrane- D es 

\ cel nuclei extension 

Blood capillary-- g : 

Fig. 2 Small portion of transverse section of feather germ showing an oblique 

section of a barb-vane ridge and cylinder cell nuclei of adjacent barb vane 

ridges. X 500. Back covert of Plymouth Rock fowl. Level of section indi- 
cated by the line a in figure 1. This view was selected from a non-pigmented 

region. Drawn with aid of camera lucida. 

Il. MATERIAL AND METHODS 

The material used consisted of feather germs pulled from their 
‘follicles and placed in the fixing fluid immediately. The regions 
of the integument which supplied the feather germs were the 
back, breast, neck and wings. The scapulars also were used. 
Two Plymouth-Rock males, two Plymouth-Rock females, one 

Brown-Leghorn male, and one Brown-Leghorn female fur- 
nished the material. A majority of the feather germs came from 
the females as the males did not molt so extensively during the 

periods when the material was obtained. 
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The feather germs were mostly 1 to 2 cm. in length. In most 

cases they had just begun to expose the barbs at the distal end 

of the sheath. A few feathers in more advanced stages were 
also used. 

Gilson’s fixing fluid was employed largely, the material remain- 

ing in it for three hours. Otherwise the technique was that 
described by Strong (’02). 

The sections were cut in paraffin 6 to 10 microns thick. About 
forty of the sections at the proximal end of the feather germs 

remained regularly in the paraffin ribbon when 10 microns thick. 
Succeeding sections were more and more apt to drop out of the 
ribbon as more and more cornified material was reached. 

Ill. RESULTS 

A. Origin of epidermal pigment 

1. In intermediate cells. All of the germs studied were of 
feathers which contain large amounts of melanin pigment. 

Consequently, melanophores crowd the intermediate cell region 
in the preparations from the two fowls. 

No evidence was obtained that these melanophores were not of 

epidermal origin, and I believe that they are specialized inter- 

mediate cells as I have stated before (Strong, ’02). 

Above the region where the melanophores develop, the in- 
termediate cells which enter into the feather structure have their 
cytoplasm characteristically packed with melanin granules. 

The pigmentation phenomena here are essentially like those 
described in previous publications. 

According to Lloyd-Jones (15) many ordinary intermediate 

cells may develop melanin granules autocthonously. It is of 

course impossible to prove that this is not a frequent occurrence 

and I have indicated its possibility (Strong, p. 170,02). How- 

ever, the mere fact that a cell containing melanin pigment is not 

sometimes in contact with a chromatophore process in a micro- 

scopic preparation, does not prove that this pigment may not 

have come from a melanophore before the material was fixed 



MELANIN PIGMENT IN FEATHER GERMS 101 

unless it can be shown that no melanophores are near enough to 

have supplied the pigment. 

The melanophore relationship is obvious at many points in a 

microscopic field. The evidence in my judgment points towards 

the origin of the melanin pigment in intermediate cells from epi- 
dermal melanophores as the rule. This position is not incon- 

sistent with the observations made by Lloyd-Jones. 

& 
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Fig. 3 Photomicrograph showing a portion (4mm. long) of a longitudinal sec- 

tion of feather germ from near its proximalend. X 150. Back covert, Plymouth 
Rock fowl. The region photographed was selected because it had fewer melano- 

phores than usual, with consequent better outlines of individual melanophores. 

Numerous melanophores whose branching processes connect with differentiating 

feather barbule cells may be seen. The lower end of the view corresponds with 

the line a in figure 1, and the area extends somewhat above the region indicated 

in figure 1. 

Ocular 10; obj. 4 mm. Bausch and Lomb; picture reduced in publication. 

2. In cylinder cells. A small number of cylinder cells were 

found containing-clearly defined melanin granules in their cyto- 

plasm. These cells occurred at the level in the feather germ 

where the melanophores were beginning to send out processes. 

A few of these cells were at the deeper end of the barb-vane 
ridges next to the pulp except for the intervening basement 

membrane. Other cylinder cells containing melanin granules 

were at the sides of the barb-vane ridge, some distance from the 
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pulp. The melanin granules were always found on the outer 

side of the nucleus, i.e., the side away from the dermal pulp. 

The granules occurred in small dense groups. It was not pos- 

sible to determine their origin but we believe that they were 

formed in situ and did not come from melanophores. 
3. In inner sheath cells. Melanin granules occurred in some 

of the inner sheath cells of seven out of sixteen series of feather 

Sheath 

iver sheath-cells 

P ¢ mented barbule oel\s. 

Intermediate : cell nuclei — 

Epidermal mrie\ay ophoresec: 4 

Cvlinder cell \a yer- 

ermal pulp... 

Fig. 4 Photomicrograph of small portion of transverse section of feather 

germ. Neck covert, Brown leghorn fowl. »X 300. Level of line a in figure 1. 

Epidermal melanophores may be seen in their usual abundance, more or less 

monopolizing the intermediate cell region. Intermediate cells differentiating 

into feather barbules are shown with their cytoplasm packed with melanin 

granules received from melanophores. At the left, histological details have been 

added with a pen, a camera lucida being employed. Oc. 10; obj. 1.9 mm. oil 

immersion (Bausch & Lomb). The picture was much reduced in publication. 

One barb-vane ridge appears completely, another at the left is almost all in the 

picture, and a large portion of a third at the right 1s included. 

germ sections, according to Mrs. Knowlton. In all cases the 

pigmented inner sheath cells were found within the first mil- 

limeter from the inferior umbilicus, i.e., at the proximal end 

of the feather germ, but not in every section of this region. 

This pigmentation was irregular and sparse. The granules were 

of the same size, form, and color as those of the Satennetl 

and cylinder cells. 

The melanin granules were found usually on the outer or periph- 

eral side of the nucleus, as in the case of pigmented cylinder 
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cells. As there were no melanophores near enough to have 

distributed melanin granules to these cells, we concluded that they 
also must have a capacity for forming melanin granules. Such 

cells never accumulate many granules, and they always retain 

their normal character as stratified squamous epithelium. 

B. Origin of dermal pulp pigment 

Melanophores were found at the proximal end of the dermal 

pulp near the inferior umbilicus of feather germs from both the 

Plymouth Rock and Brown Leghorn fowls (figs. 1, 3, and 4). 

Dermal pulp pigment was not found in the feather germs of over 

ten species of birds previously studied by me, and I know of no 

other observations of it. Rabl (94) found no melanin pigment 

in the dermal pulp of nestling-down feather germs from the 

chick. 
The dermal melanophores we observed occurred in the mesen- 

chyma not far from the basement membrane, as may be seen in 

figures 1, 5 and 6. Usually a good many were grouped near the 

shaft-forming epidermis. That these bodies are melanophores is 

indicated by the following observations. 1) They are similar in 

shape and size to some epidermal melanophores. 2) The nucleus 

is often clearly seen, proving that they are cells, which would 

not be the case if they were artifacts. 3) These bodies are 

made up of granules of the same size, shape and color as the 

epidermal melanin granules. 4) The arrangement of the gran- 

ules is characteristic of a melanophore. The granules surround 
the nucleus, where they are packed densely. Naturally, some 

artifacts and foreign bodies resembling melanophores super- 

ficially, have been found in the sections, but they have always 

been distinguished without serious difficulty. A question nat- 

urally arises as to whether these pulp melanophores may not 

have been dragged in from the epidermal cylinder in cutting 

sections. Against such an interpretation we have several argu- 

ments. 1) There are too many of the melanophores to warrant 
concluding that their positions are accidental. 2) There is no 
evidence of distortion or tearing of the surrounding tissue such as 
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would be expected if they had been moved there by the micro- 

tome knife or by any other artificial cause. 3) These melan- 

ophores fit in too naturally in the surrounding tissue. 4) They 

are arranged with considerable uniformity around the periphery 

of the pulp near the basement membrane. If their position had 

‘ 
‘ 

eepest layer ofepidermis 

Fig. 5 Small portion of transverse section of feather germ near its proximal 

end. Breast covert of Plymouth Rock fowl. 700. Level indicated by line 6 
in figure 1. The deepest portion of the epidermal cylinder next to the base- 

ment membrane is shown at the right. The elongated nuclei are separated by 

radiations which simulate cell boundaries. The basement membrane is poorly 

defined at this level. At the left the mesenchymal pulp is drawn partly dia- 
grammatically, and its dense character is not indicated. Four dermal melan- 
ophores appear. 

been the consequence of cutting, it would be expected that all of 

them would be on one side of the pulp. 

We obtained no evidence as to what particular cells form these 

dermal pulp melanophores. The developmental stages resemble 

those of the epidermal melanophores, but the pulp melanophores 

do not become so large as the latter, and they do not form proc- 
esses so profusely. In fact, the majority of the pulp melan- 

ophores apparently do not form processes at all. Some have 

small inconspicuous processes, and a few have larger processes. 

The largest melanophores observed had no processes. 
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It is characteristic of the pulp melanophores observed that 

such processes as occur are directed towards the epidermis either 
radially or in the line of a secant. These processes, as pre- 
viously stated, are usually short, thick, and closely packed with 

melanin granules that never seem to be distributed to other 

cells. The following table gives observations made by Mrs. 

Knowlton. 

SECTIONS 

Pulp melano- | With radially | With po 
phores with no directed at right angles 

processes | processes to radius 

| per cent | per cent per cent 

PIM IIEINVOLAG s:acars,s farce Sv cins,4.0 dane, ae a 65 16 19 

Reem ASTI CUCUTION Gs Seq ats, niece «3. ne wielvtasneeete 67 13 20 

The melanophores with longer processes lie near the basement 
membrane, and they are not frequent (figs. 2 and 3). Mrs. 
Knowlton found them in three feather germs __ Lying so near to 

the epidermis, it is important to know whether they penetrate 

the basement membrane or not. We have been unable to find 

any such penetration, even when the melanophore or its process 

was against the basement membrane or apparently in its barb- 

vane extensions. These melanophores are located either near 

the apex of a barb-vane ridge or between two barb-vane ridges 

as just noted. In the former case the process follows the base- 

ment membrane until it reaches a barb-vane extension of the 

latter, where it runs up between the two adjacent barb-vane 
ridges apparently splitting the basement membrane partition. 
In the other type (fig. 6), the body of the melanophore lies at the 
deeper end of the basement membrane partition, and its process 

runs straight out, i.e., radially, between the adjacent barb-vane 

ridges. No such process was found extending more than three- 
fourths the radial extent of the adjacent ridges. 
We are unable to explain the location and behavior of these 

melanophores. They are so rare that we have considered them 
more or less abnormal. In the region where they occur, various 
features indicate activity in a radial direction. Here and more 
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proximally, the cells of the syncytial epithelium are undergoing 
considerable changes in position. Proximally, pale refraction 
lines simulating incomplete cell boundaries lie radially between 

the nuclei, which are narrow and arranged radially. In figure 5 
such lines have been drawn for the deepest nuclei at the right. 
They have not been observed to form complete cell boundaries 

sfabesped te-cell layer 
~ Cy inderce \ ayer 

membrane 

5 
() 

Derma) ) C\ 

melanophore=| ® 

asement 
SO) imembrane 

fe | a“ if ae 

@ |) 0; 

y i 
a7 Verma pul Fic PP 

Fig. 6 Small portion of transverse section from feather germ of Plymouth 
Rock fowl. Near level ain figure 1. 700. Drawn with aid of camera lucida 

and reduced in publication. Oc. 10; obj. 1.9 mm. oil immersion, (Bausch and 
Lomb). A basement membrane extension separating two barb-vane ridges is 
shown with a dermal melanophore process lying in its inner two thirds. The 
cell body of the melanophore is only partly in this section. Adjacent layers of 

cylinder cells and intermediate cells are indicated by their nuclei. 

often if ever, and they disappear at the level where the radially 

directed basement membrane extensions develop. The frequent 
occurrence of melanin pigment only on the outer side of nuclei, 

mentioned in this paper, is very likely another illustration of 

radially acting forces. It is conceivable that melanophore proc- 
esses are carried radially by such forces or by the developing 
barb-vane extensions of the basement membrane. 
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In longitudinal sections some light appears to be thrown on the 

significance of the dermal pulp melanophores in general. In a 

few sections, I have found an essentially continuous series of 

these bodies extending to the inferior umbilicus as seen in figure 
1. Itis my opinion that these melanophores are homologous with 
those of the skin dermis. The dermal pulp being continuous 

with the skin dermis, such a continuance into the proximal end 
of the feather germ is not surprising. 

C. Observations on the melanin granules 

So far as I could determine, all of the granules were rod shaped 
as is usual in birds. Even when evidently fully developed, there 

appears to be considerable variation in size. The longest are 
slightly over 1 micron in length. Others may not be more than 

0.5 micron long. They are about two to four times; their thick- 
ness in length. It is not easy to make exact measurements of 

such bodies because of their minute size and their arrangement at 

all possible angles with reference to the plane of the section. 

In the Plymouth Rock and in some Brown Leghorn feather germs, 

the granules were of the usual brown, almost black color. 

SUMMARY 

1. Melanin pigment granules occur occasionally in the so- 

called cylinder and inner-sheath cells of feather germs from the 
common fowl. 

2. Further evidence was obtained that the melanin pigment of 
feathers is epidermal in origin. 

3. Melanophores were found in the dermal pulp at the proxi- 

mal end of feather germs from the common fowl. They are 
presumably homologous with the dermal melanophores of the 

skin. Some of these pulp melanophores have processes which 
are usually relatively short, but they do not appear to distribute 
pigment to other cells, and they have no part in the histogenesis 

of the feather or its pigment. A few of these dermal melano- 
phores were found in contact with the basement membrane but 

none had penetrated it. 
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MATURATION OF THE OVUM IN SWINE 

GEORGE W. CORNER 

From the Anatomical Laboratory, University of California 

Since the first description of maturation of the ovum of the 

rabbit by Van Beneden in 1875, the study of this remarkable 

phenomenon has been extended to certain other mammals, with 

the result that practically all observers now agree that two 

polar bodies are formed by every ovum, the first of which is ex- 

truded from the egg while still in the ovary, but immediately 

before rupture of the follicle. Formation of the second polar 
body then proceeds to the formation of a division-spindle, but 
goes no farther until the egg is discharged and fertilized. After 

the entrance of the spermatozéon the second polar body is com- 

pleted and extruded. In the event that fertilization does not 

occur, the ovum degenerates in the state in which it was freed 

from the ovary. 

Full and comprehensive observations of the process of matura- 

tion have been made in the rat (Sobotta and Burckhard '10), 
guinea-pig (Rubaschkin ’05), opossum (Hartman ’16), a bat, 

Vesperugo noctula (Van der Stricht ‘O8), the domestic cat 

(Longley °11), and the mouse. The studies of Sobotta ('95) 

and others, lead them to believe that in the last named species 

many eggs form but one polar body. The interest excited by this 

statement has caused the mouse to be more fully investigated 

than any other, with the result that the views quoted have been 

proven incorrect. The reader is referred to the work of Long and 

Mark (11) for details of the question together with the most 

comprehensive account of maturation yet presented in any 

mammal. 
The final disproof of this supposed exceptional case raises the 

question as to whether the process may not be identical in all 
mammals. To answer this a wider search will be necessary, for 
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the species named above comprise but three rodents, one mar- 

supial, one carnivore, and one chiropter. There are also old or 

undetailed accounts or preliminary notes upon the ova of the 

dog (O. van der Stricht 08), the rabbit (Van Beneden ’75, Heape 

05), the marsupial Dasyurus viverrinus or Australian “native 

eat’? (Hill ’10), an insectivore, Tupaia javanica (Hubrecht 95), 

and of a lemuroid ape, Tarsius spectrum (Hubrecht ’02), and 
thus of the twelve orders of mammals there are four in which the 
process of maturation is well known in one species or more, two 
in which it is very obscure, and six in which ripening ova have 

never been seen. 

Among the last are the ungulates, in which the species are 

either rare and inaccessible, or if common, are so large that the 

search for the ova is very difficult. For these reasons it will be 

of interest to describe a small series consisting of 15 ova from 7 

sows (sus scropha domesticus). I am indebted to Mr. Ralston 

B. Brown, Superintendent of the Oakland Meat and Packing 

Company of Oakland, Califernia, for the opportunity to collect 
the material, and to Mr. A. E. Amsbaugh and Mr. Felix H. 

Hurni for assistance in its preparation. The sows were selected 

and the tubal ova found by the method given in a previous 
paper (Corner and Amsbaugh 717). Ovarian ova weré studied 

in serial sections of the follicles (celloidin) or by cutting hard- 

ened follicles into slices, locating the discus proligerus and 

sectioning it in paraffin. 
1. Killed during oestrus, probably on the first day. Unrup- 

tured follicles. Three ovarian ova sectioned, two show ger- 

minative vesicles, the other shows the first polar body and the 

second polar spindle. 
2. First or second day of oestrus. One follicle ruptured, its 

ovum not found in the tubes. An ovarian ovum shows the first 
polar body and the second spindle. 

3. Second or third day of oestrus. All follicles ruptured. 
Four unfertilized tubal ova sectioned; all show the first polar 
body and the second spindle. 

4. History unknown. Five unfertilized tubal ova found, of 
which four (studied fresh) show one polar body extruded. 
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5. Probably second day of oestrus. Copulation observed 24 

hours before killing. One tubal ovum found, covered with 

spermatozoa. In sections, the male and female pronuclei are 
in contact. Two polar bodies. 

6. Second or third day of oestrus. Copulation observed 16 

hours before killing. Two ova found in the tubes; both were 
covered by spermatozoa. One of them, studied fresh, showed 
two polar bodies. The other was sectioned, and showed the 
pronuclei in contact, but unfortunately the polar bodies were 

obscured by damage to the sections. 

7. Tubes contained segmenting ova of 2, 4, and 6 blasto- 

meres. One of the two-celled embryos (studied fresh) showed 

two polar bodies; a favorable view of the others could not be 
obtained. 

CONCLUSIONS 

The first ova of an ungulate mammal to be studied indicate 

that the sequence of maturation is the same in swine as in pre- 

viously studied forms of other orders, the first polar body being 

extruded and the second polar division proceeding as far as spindle 

formation before fertilization, the second polar body being cut 

off only after the entrance of the spermatozoon. 
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HYPERPHALANGISM ACCOMPANIED BY SUPERNU- 

MERARY EYPIPHYSES AND MUSCULAR 

DEFICIENCIES 

LLOYD R. REYNOLDS 

From the Division of Anatomy of the Stanjord Medical School 

TWELVE FIGURES 

This interesting developmental anomaly, was observed in the 

practise of Dr. Robert G. Reynolds of Palo Alto in March of 

1916. The x-ray photographs accompanying this article were 

kindly taken by Dr. Reynolds, through whose courtesy I am 

enabled to report the case. As it usually happens in these in- 

stances the family history reveals related abnormalities. On the 

father’s side of the family there have been several cases of ab- 

normal development of the skeleton of the upper extremities. 

The paternal grandfather is said to have had syndactyly of the 
index finger and the thumb of the right hand, up to the inter- 

phalangeal joint of the thumb. The terminal phalanx of the 

thumb is said to have been flexed at right angles on the proximal 

phalanx so as to lie in the palm. The left hand and both feet 

were said to have been normal. 

The father’s oldest sister who died at the age of six is said to 
have had a deformity of the right hand similar to that of her 

father. Otherwise she was normal. 

The father’s second sister who died soon after birth is said 

to have had congenital absence of radius and ulna on the right 

arm and the father’s older brother is said to have had similar 

deformities as the present case. 
The father’s hands both show muscular defects. On the 

left hand the thenar eminence is absent, and the opponens and 

abductor pollicis brevis apparently are lacking. ‘The flexor 
brevis may be present. There are two groups of interphalangeal 
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and one of metacarpophalangeal sulci, in the thumb. Yet the 

x-ray photograph (fig. 1) shows that there are only two phalanges. 

The left thumb is straight and tapering; only about two-thirds 

normal size and the skin is smooth, shiny and atrophic. It is 

6.4 em. long and is rotated out a little. The mobility in the 

Fig. 1 Left hand of father 

second terminal phalanx of the thumb is somewhat limited. 

The width of the left hand in the line of the metacarpophalan- 

geal articulations is 8.6 em. There is no webbing of the fingers; 

the rest of the fingers of the left hand being apparently normal. 

The thumb of the right hand is somewhat longer than that of 

the left, but the thenar eminence is also absent; the region’ being 

=_——_— 
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marked by a decided flattening. The right thumb is 7.4 em. 

long and is rotated in rather than out, as is the case with the 
left. It is tapering and atrophic as in the other hand, possess- 

ing a small but apparently normal nail. The pulp of the thumb 

is compressed from side to side and looks atrophied. There are 
two prominent sulci opposite the interphalangeal joint of the 

thumb and the width of the hand at the metacarpalphalangeal 
articulations is decidedly greater than in the left hand. The 

other fingers are normal. The width of the right hand in the 

line of the metacarpalphalangeal articulations is 9.2 em. or 0.6 

em. more than the left. The medial surfaces of both thumbs, 

a little distal to the metacarpophalangeal articulations are 

marked by an oval callosity about 2 cm. in diameter and 0.5 

em. thick which forms a prominent pad. As shown in (fig. 2) 

the medial surface of the thumb is concave, the distal portion 

being bent medially, that is toward the ulna, the distal phalanx 

being directed medially at an angle of about 10 degrees. 

In the x-ray photographs (figs. 1 and 2) there is a pronounced 

mortising of the basal ends of some of the metacarpals of the 
thumb with the basal ends of the metacarpals of the index fingers. 

This condition seems to be the result of a general narrowing 
of the wrist bones. In each hand the greater multangular is 

placed medially until its medial border is almost even with the 

medial border of the lesser multangular. Hence the position 

of these bones and the consequent position of the respective 

metacarpals may possibly account to some extent for the lack of 

mobility of the metacarpals of the thumbs. The proximal 

phalanx in each thumb is markedly concave on its palmar sur- 
face and has a slightly bent shaft. This is more noticeable in 

figure 2. These peculiarities in the thumb may be explained in 

part by the fact that the lack of mobility of the metacarpals 
has made it necessary to rotate the proximal phalanx medially 

in order to use the thumb in conjunction with the other fingers. 
As a result of this rotation we see the phalanges from a lateral 
view rather than a dorsal and therefore the concave surface is 

the ventral and not the medial surface of the phalanx. There 

doesn’t seem to be anything to account for the three distinct 
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bony tubercules shown in outline in the x-ray plate on the ven- 

tral surface of the distal phalanx of each thumb (figs. 1 and 2). 

The distal ends of the phalanges seem large and irregular. 

This is more noticeable in the right (fig. 2) than in the left 

Fig. 2. Right hand of father 

(fig. 1) hand, but this may be due to the fact that in figure 2 

the hand was not held as flatly on the plate as in figure 1. 

The son, the subject of this report is 13 years of age, 5 feet, 

84 inches in height and weighs 130 pounds. The photographs 

(figs. 3 and 4) show the marked deformity in the general ap- 

pearance of the left hand and (figs. 5 and 6) the lesser deformity 

in the right. The II-V fingers are developmentally quite 
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normal for the middle finger of the left hand was injured in a 

recent accident. There is no webbing of the fingers and with the 

exception of the second and fourth fingers the sulci are normal. 

On the palmar surface of the fourth finger there are two sulci 

about 1 em. apart opposite the first interphalangeal joint. The 

index finger has asimilar peculiarity. The thumb has the appear- 

ance of the little finger of either hand. It would indeed be im- 

Figs. 3 and 4 Left hand of son 

possible to identify it by means of a photograph of these digits 

alone, in the case of the left hand. The terminal phalanx and 

nail of the thumb are shaped exactly like the terminal phalanx 

and the nail of the little finger. 

On the right hand the nail of the thumb, although smaller, 

is shaped more nearly like the normal thumb nail, and the 

terminal phalanx is also shorter and heavier than the terminal 

phalanx of the little finger. In each instance the thumb is 0.7 
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em. longer than the little finger and markedly concave medially. 

The space between the index and middle fingers of the left hand 

is greater than normal and the index finger is concave medially. 

This is probably due mostly to the fact that the boy usually 

grasps objects between the index and middle fingers, rather 

than between the thumb and index fingers, because of the ab- 

normal development and relation of the thumb. The thumb 

Figs. 5and 6 Right hand of son 

of the right hand is also concave medially and small objects, such 

as a coin, when grasped by the right hand are placed between the 

dorsal surface of the terminal phalanx of the thumb and the tips 

of the fingers 

The thenar eminences are absent with apparently an absence 

of all the thenar muscles (figs. 4 and 6). Even the adductors 

appear to be absent and these facts no doubt account for the 

peculiarity in mobility. There is a lack of mobility of the meta- 

carpals of the thumbs which is very noticeable because it limits 
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the motion of the thumbs to the movements possible in the other 

fingers. 

The position of the thumb in relation to the other fingers 

gives the forearm the appearance of being much longer than 

normal even though measurements show it not to be exception- 

ally long for a boy of his height. The hand is markedly widened 
at the metacarpophalangeal articulations. The left hand is 9 

em. wide. The width of the four fingers being Scm. The right 

hand is 9.3 em. wide and the width of the four fingers 8.4 em. 

A similar difference was present in the father’s hands as stated 

above. 
The photograph in figure 4 shows the smooth, glistening ap- 

pearance of the skin in the palm of the hand. This is charaec- 

teristic of both hands although a slight movement during the 

taking of the picture prevented its showing in figure 6. The 

skin seems to be drawn tightly so that very few sulci appear. 

In the x-ray photographs (figs. 7 and 10) it is shown that the 

thumb of the left hand has three, well-formed, phalanges which 

in large part accounts for its length. In this case the age is 

such that the epiphyses show exceptionally well. There is 

nothing to indicate that the middle phalanx of the left thumb 

is rudimentary and will later fuse with the terminal phalanx. 

Indeed the middle is longer than the terminal phalanx and has a 

well-formed, normally-located epiphysis (fig. 7). Each of the 

other phalanges has also a well-formed epiphysis and seems en- 

tirely separate from the middle phalanx. The metacarpal of 

the thumb on this, the left hand, also is of interest for its form 

and length seem more nearly like a true metacarpal than the 

corresponding bone in a normal hand. Besides, the epiphysis 

is at the distal instead of the proximal end of the bone, the same 

as the epiphyses on the metacarpals of the other fingers (figs. 

7 and 10). The metacarpal of the thumb is relatively long. 

The x-ray photographs were taken with the hands lying directly 

on the plate and with the machine over the same part of each 

hand. Measuring the negative we find that the metacarpal of 

the thumb is 6.7 em. long while the metacarpal of the little 

finger is only 6 em. long. The circumference of the first meta- 
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carpal also seems less than the circumference of the correspond- 

ing bone of the little finger. Normally the metacarpal of the 

thumb is shorter and thicker than any of the other metacarpals. 

The x-ray photograph of the right hand is in some respects 

more interesting than that of the left. The extra phalanx of 

this thumb is not so well formed as that on the other thumb or 

Figs. 7 and 8 Left and right hands of son 

those of the other corresponding phalanges but nevertheless as 
shown in figure 9 it is a separate bone with a distinct diaphysis 

and epiphysis, articular surfaces and base and head. Besides 
showing the same peculiarities in regard to the extra phalanx, 

the metacarpal of this thumb shows a double epiphysis (figs. 8 

and 11). 

In all of the cases of three-jointed thumbs reported, hereto- 

fore, the middle phalanx is considered the extra phalanx. 
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Pfitzner, 90 who has done more work than anyone else on the 

development of the extremities, has reported several cases of 

three-jointed thumbs, but in all of these cases the three joints 

were only temporary for the extra, middle phalanx later fused 

with the end phalanx to form one bone. In no case did Pfitzner 

find an extra phalanx that had a distinct epiphysis, articular 

surface, head, and which in general had the shape of a normally 
developed phalanx as in the present case. 

FKig.9 Thumb of right hand taken laterally 

Rieder ’00, reported a family, most of whom had three-jointed 

thumbs. The father and four of the children had an extra 

phalanx in the thumb. Rieder claims that his cases differ 

from those reported by Pfitzner in that each end phalanx did 

have a distinct epiphysis entirely separate from the middle 

phalanx. 

Dwight ’07 in his report on the variations of the bones of the 

hand and foot considers the presence of an extra phalanx in 

the thumb. He says that in no case reported did the extra 
phalanx have an epiphysis in those of an age at which it could be 

expected to be present. He supports Pfitzner’s theory that the 

extra phalanx is later fused with the terminal phalanx. 
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Salzar "98, also reported a case of a three-jointed thumb on 

ach hand. In each instance the second phalanx was short and 

apparently rudimentary. The so-called pseudo-epiphysis shown 

in figures 8 and 11 is distinct and has the characteristics of a 

normal epiphysis. It would be hard to consider one a second- 

ary epiphysis as has been done in most of the cases heretofore 

reported and in this case it seems quite evident that the first 

metacarpal had two true epiphyses. The presence of an extra 

epiphysis, however, has not caused any increased length as might 

be supposed, for although this metacarpal is longer than the 

metacarpal of the fifth finger of the same hand, it is not as long 

as the metacarpal of the thumb on the left: hand, which has 

only one epiphysis. I am lead to believe that both epiphysis 

are true epiphyses, by comparing the x-ray photographs taken 

nine months apart. In figure 11, taken in November of 1916, 

both epiphyses have the appearance of true epiphyses as much 

as they did in the photograph taken in March of 1916 (fig. 8) 

or almost a year before. Hence although the supernumerary or 

cephalic epiphysis may fuse earlier than the basal or normal one 

it is clear that the former does not fall under what Thomson ’06 

speaks of as ‘‘seale-like epiphyses on the head of the first meta- 

carpal which makes its appearance about eight or ten, and rap- 

idly unites with the head.’ Since the first metacarpal in the 

left hand of this case, has a distally located epiphysis an inter- 
pretation of the latter in Thomson’s sense would leave this 
metacarpal without an epiphysis. 

Freund ’05 also reported a case in which the middle phalanx 

had an epiphysis at the distal as well as at the proximal end. 

He compares his case to those reported by Pfitzner ’00, and 

arrived at the same conclusion regarding the spurious character 

of these epiphyses. Pfitzner bases his conclusion upon the 

variation in ossification found in many cases which came under 

his observation. He thinks that in these cases of apparent 
supernumerary epiphyses the oestoclasts, instead of breaking 

down the epiphyseal cartilage in a straight-line front, extend 

into it in the form of processes or projections and thus produce 
an appearance which roughly simulates an epiphyseal line. 

SS 

a Se 
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But as the photographs (figs. 8 and 11) show the breaking down 

of the cartilage in this case is being carried on in a straight 

line front. The portion of cartilage between the diaphysis and 

the extra epiphysis is as even and regular as in any normally 

developing bone. Hence Pfitzner’s explanation does not apply 

here and this epiphysis seems to be a true and not a pseudo- 

epiphysis. 

Figs. 10 and 11 Same hands about one vear later 
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The mortising of the bases of some of the metacarpals is quite 

pronounced. On the medial side of the basal end of the third 

left metacarpal, for example, there is a deep notch for the 
articulation of the fourth metacarpal (fig. 10). There doesn’t 

seem to be any explanation for the presence of this unusually 

deep notch. 

Scrutiny of figures 10 and 11 will show that the carpal bones 

in the right and left hand vary both as to shape and relative 

position. In (fig. 10) of the left hand the greater multangular is 

considerably larger and completely overshadows the lesser 

multangular bone. In the right hand (fig. 11) the lesser mul- 

tangular is larger than the greater multangular but the greater 

multangular is more laterally placed. Figure 10 also shows the 

triquetral bone to have a rectangular shape. Indeed, it looks not 
unlike a short phalanx. The triquetral bone shown in figure 11 

is triangular and considerably larger than that in figure 10. 

The thumbs in this case especially the left seem to be like a 
little finger in most respects except their position on the hand. 

Their movements are limited to the normal movements of a 

finger; they have the same number of phalanges as the other 

fingers: the nails resemble the nails of other fingers rather than 

thumb nails and their metacarpals have the characteristics of 

the metacarpals of fingers rather than those of normal thumbs. 

I do not think that the extra phalanx in either case can be con- 

sidered as rudimentary because of the perfect development of 

each individual phalanx, the presence of a distinct normally- 

located epiphysis and the absence of any indication of fusion. 

Professor Meyer to whom I am indebted for suggestions and 

assistance has offered a possible explanation for the occurrence 

of such a finger or thumb. If I understood him correctly he 

thinks that the apparent absence of the thenar muscles may 

indicate that the normal impulse to development of the thumb 

was absent and that hence the phalanges and also the metacar- 

pals of the thumbs, assumed the form and relations characteristie 

of the fingers rather than of the thumb thus accounting for the 

extra phalanges in the thumb, the epiphyses in the super- 

numerary phalanges and also for the supernumerary epiphyses 
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Fig. 12 Normal left hand of a boy of approximately the same age, height and 

weight for comparison 

in the metacarpal of the right thumb as well as the distally- 

placed, single epiphysis in the metacarpal of the left thumb. 

Although Professor Meyer’s suggestions seem to account for 

the results found in this case, he feels that we can not be cer- 

tain that the thenar muscles are entirely absent. However, as 

far as can be determined from external appearances and from the 

limited mobility of the thumb they must be exceedingly rudi- 

mary indeed if present. 
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AN INEXPENSIVE PROJECTION APPARATUS 

IVAN E. WALLIN 

Department of Anatomy and Biology, Marquette University School of Medicine 

THREE FIGURES 

The object of this apparatus is the substitution of an Edison Mazda 
lamp for the are lamp and the reduction in cost of a serviceable appa- 
ratus for drawing. The are lamp as an illuminating unit in a projec- 
tion apparatus has certain objectionable features; the light is not 
always steady and it requires almost constant attention when in use. 
The perfection of the nitrogen-filled electric bulb has supplied a 
lighting unit which is only slightly less intense than the arc light. 

A simple and inexpensive projection apparatus would be valuable 
for students’ use in the laboratory. Lhe apparatus described below, it 
seems to me, will supply a serviceable apparatus for class use at a very 
moderate cost. 

This apparatus is constructed on the plan of the Edinger appara- 
tus (fig. 1). It consists of an upright oak beam (xu) attached to an 
ordinary table, a microscope support (m.s.) which also supports a 
rod (s.r.) carrying reflector, lamp, condensors and diaphragm. 

The upright (w) is an oak beam, 2 by 4 by 42 inches, containing a 
slot for the reception of the microscope support. It is bolted to the 
sides of the table and braced underneath to the top of the table. 

The microscope support (m.s.) is a steel beam. The back has a 
flange which fits into the slot of the upright and serves to hold it 
firm. The free end is constructed in the form of a clamp to fit around 
the limb of the microscope and is made firm by means of a bolt (b). 
The body of the support has a slot (s) to receive the upright support 
rod (s.r.). The microscope support beam is movable up and down on 
the wooden upright and can be made secure at any point by means of 
the hand nut (h.n.). 

A different type of microscope support is illustrated in figure 3. 
This type of support has the advantage that the microscope may be 
attached or removed in an instant. The stage of the microscope 
slides into the sleeve of the U-shaped support. The foot and pillar 
of the microscope are turned back at right angles to the body tube. 
A slot in the diaphragm would accommodate the foot. (It is an 
advantage to have a large diaphragm as it increases the working 
space.) 

The support rod (s.r.) and the support rings which hold the lenses, 
diaphragm, lamp house and reflector were taken from an ordinary 
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laboratory support or ring stand. The support rings in this type all 
have a common center. The support rod is movable on the microscope 
support beam so that lamp and condensors may be properly centered 
with the microscope. 

The diaphragm is a circular piece of wood which is held in place 
by a support ring. Curtains are attached to the diaphragm and hang 
down over the edge of the table. The curtains may be attached by 
means of hooks and eyes or glove fasteners. 

The reflector (7) and its housing are a part of an old style gas auto- 
mobile lamp. 

The lighting unit is a 500 watt Edison Mazda stereopticon lamp. 
The filaments in this lamp are concentrated and form a compact unit. 
The lamp house is made of sheet iron and is held in place by a ring 
support. It also serves as a support for the lamp. 

The condensor (c) consists of two 4-inch stereopticon lenses. These 
can be obtained from stereopticon supply houses. The adjustment 
of the lenses is illustrated in figure 2. The distance between the two 
lenses B and C is arbitrary. The filament of the Jamp (A) should 
be at the point of focus of lens (B). The focus of lens (C) should 
fall within the objective of the microscope (D). The focal length 
may be determined by holding the lens to the sunlight in a smoky or 
dusty atmosphere and measuring the distance from the point where the 
rays cross to the center of the lens. 

The microscope is an old type from which the foot and pillar have 
been removed. The stage has been reversed so that the slide rests on 
top of the stage. The fine adjustment extension (e.a.) consists of a 
rod, a pipe, a steel spring and a cap. The cap is secured to the fine 
adjustment by means of a set screw. The rod fits into the pipe and is 
made secure for any length by a set screw. 

The fine adjustment extension was made in the laboratory. The 
microscope support was made by a blacksmith. If required in quan- 
tity the microscope supports could be cast in a foundry and obtained 
at a smaller cost. 

The cost of the parts of this apparatus is as follows: 

Upright (hard oak)......... iF fee el 25 
Microscope support, bolts and nuts...... : 3.50 
IDENREHLOT) CONGENBOM a frida hagas +s Gir ela coun Ge 2.75 
Reflector........ a BR Syd Ree 1.00 
Ring supports and support rod... . 1.75 
MGA Gers 8s winks v0 3.60 
Fine adjustment extension.......... 50 

$14.35 

Bausch and Lomb Optical Company have recently perfected a 
lamp house with reflector and condensors which might be adapted to 
this apparatus. 

I am greatly indebted to Dr. H. C. Tracy for assistance in the 
optical adjustment of the apparatus. 
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VARIATIONS OF THE CANALIS HYPOGLOSSI 

RALPH D. LILLIE 

From the Division of Anatomy of the Stanford Medical School 

My attention was attracted to the subject of the variations 
of the hypoglossal canal by the discovery of a double hypoglossal 

canal in the dissecting room. Subsequent examination of about 

thirty skulls, about twenty of them European, revealed ten cases 

of complete division of the canal. Consultation of the ordinary 

reference books failed to give definite figures. So Dr. Meyer 
placed the collection of skulls in the anatomical museum and 

Indian skulls in the general museum at my disposal. 
Bartels (’04) found the hypoglossal canal doubled in 117 

cases in 958 half skulls or in 12.2 per cent. In the seventeen 
varieties of skulls used by him the percentage varied from 0.0 
per cent up to 27.9 per cent in Inca skulls. Weigner (’11) who 

examined 103 skulls in a study of the variations of the occipital 

bone found that the following percentages held for German 
skulls: 

Left side Right side 

Clear, 62.1 per cent Clear, 59.2 per cent 

Incomplete or indicated division, 19.4 Indicated division, 18.5 per cent 

Complete division, 18.5 per cent Complete division, 22.3 per cent 

Division into three parts was indicated in several cases. 
When the canal was double it was frequently divided into unequal 
parts so that the posterior canal was about twice the size of the 

anterior, or more rarely in the reverse ratio. Weigner believes 

that the division of the canalis hypoglossi is one of the mani- 
festations of an occipital vertebra. Graf v. Spee (’96) notes the 
division of the canal and says that indications of division are 

_ almost constant in the adult but makes no mention of the char- 
acter of the indications. Jaboulay and Lucy (11) attribute the 
division of the canal to that of the nerve and Froriep (’11) showed 
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that in the bovine embryo the hypoglossal nerve corresponds to 

three segmental nerves. Schiifer and Symington in Quain’s 
Anatomy III, part 2, 1909, also regard the hypoglossal nerve 
as representing three segmental nerves. Prentiss (10) work- | 

ing on pig embryos, found eight ganglionic masses corresponding 

to four ganglia associated with the hypoglossal nerves as their 

dorsal root ganglia. These ganglia were in series between those 
of the vagus and of the first cervical nerves. They are inter- 
preted as representing four hypoglossal nerves. Five or six 
ventral roots of the hypoglossal exist, but according to Bremer 

(08) the more anterior of these represent ventral roots of the 

vagus and glossopharyngeal nerves. Martin (91) working on 

cats, found five ganglia and five ventral roots and concluded all 
were hypoglossal. So it would seem that either three or four 
nerves exist developmentally and this could account for either 

three or four somites and their corresponding neural foramina 
and their corresponding vertebrae. Hence between the jugu- 
lar foramen and the synchondroses petro-occipitalis and occipito- 

sphenoidalis on one hand, and the atlas on the other, there must 
have existed four or five occipital vertebrae with three or four 

neural foramina or hypoglossal canals between them. Conse- 
quently we should expect to find traces of division of the hypo- 
glossal canal into either three or four parts. 

In fact we do find such divisions. As stated above Weigner 
noted indications of divisions into three parts, also into two 

parts, the posterior of which was twice the size of the anterior. 

I also have seen a number of such cases. Such oecurrences could 
be interpreted as partial or complete separation of the first 
hypoglossal nerve while the two following remain together. I 
have seen indications of division into three equal parts two of 
which may be completely separated. However, complete divi- 
sion into three parts has not been observed. 

MeMurrich (’05) says ‘‘during the cartilaginous stage of the 
skull the anterior condyloid foramina are divided into three por- 
tions by two cartilaginous partitions which separate the three _ 
roots of the hypoglossal nerve,” and considers this as evidence 
of the existence of four fused vertebrae in the occipital bone. 
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These facts point toward three original hypoglossal canals. 
But a number of cases were observed in which the canal was 

completely or incompletely divided into two equal parts and in 

which the anterior canal showed indications of further division 
into two equal parts. In the light of the work of Prentiss and 

Bremer I must look upon such instances as an indication of divi- 

sion of the canal into four equal parts. Of course, it may be 

in this case that it is really divided into three and that the 

third hypoglossal nerve is larger than the others. Poirier et 

_Charpy report cases in which the canal was divided into four 
parts. Professor Meyer suggested to me that some of the osseous 

processes observed may be secondary ossification in the dural 

septa extending between the fasciculi of the roots instead of 

remnants of arches of occipital vertebrae. Such a case was 
noted in No. 42, a dissecting-room specimen. In this skull the 
dried remains of a dural or connective tissue septum extended 
between two spurs on opposite sides of the foramen. Whether 

these spurs are to be looked upon as secondary ossifications of a 

dural septum or whether such septa are to be considered as un- 
ossified remnants of vertebral arches can not be decided in 
dried skulls. 

It is also probable, indeed almost certain, that in some cases 

these divisions are significant not of division of the nerve, but 

of vascular variation. Some of the variations recorded here are 

unquestionably due to aberrant vessels and not to division of 

the nerve. I refer here to those cases in which tortuous canals 
leave the main canal more or less obliquely to reénter in another 

place in similar fashion. On the other hand a large number of 

these variations are in all probability due to division of the 
nerve, for the nerve has been observed to pass through as two 
separate nerves, each in a canal of its own. In the more caudal 

parts of the body the metamerism of nerves and vertebrae holds 

strictly. Metamerism of the nerves exists in the head, showing 

best in the embryo. Indications of bony segmentation of the 

canal corresponding to the nervous segmentation are also found. 

Moreover an occipital vertebra may be partially separated. 

These facts all point in the same direction. 
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OBSERVATIONS 

35 Indian skulls from Jersey County, Illinois 

Character of hypoglossal canals 

NUM- 
ner’ 

7615 

7613 
7612 
‘ 

7609 

7607 

7605 
7608 

7616 

7618 
7619 

7620 

7627 
7626 

7625 

LerT 

A slight superior spur not 
at either opening 

Simple 
Simple, smaller 
A slight superior, promi- 

nence near the margin 

Simple, round 

A small antero-superior 

spur 
Simple 
A heart shaped internal 
opening with a promi- 
hence superior 

A small antero-superior 
notch 

The internal margin is 
rough superiorly 

A septum 3 mm. wide by 

1 mm. thick internally, 
The anterior canal is 
smaller than the pos- 
terior 

A slight superior spur 
Opposed spurs above and 

below 

A broad septum within 
canal. Anterior canal 

half the size of the 
posterior 

Simple 
A slight superior tubercle 
Simple 

RIGHT 

A septum a few millimeters thick at inter- 
nal opening. The foramina equal 

Simple 

Simple, larger 
A slight superior tubercle at the inner margin 

An inferior spine, a flattened internal open- — 
ing and a slight indication above at the 
internal margin. Round externally 

A small antero-superior spur 

A rough superior internal margin 
An anterior foramen right through to a 
common external opening. A larger pos- 
terior foramen giving rise to a small an- 
terior canal through to the common ex- 
ternal opening and a large posterior blind 
pit. In the external opening are three 
small pits above and posterior to the two 
canals , 

A small antero-superior notch 

A marked internal superior spine with an 
indication opposite on the lower margin. 
The anterior division is half the size of 
the posterior 

A projection on the superior margin 

Two equal canals 
Compressed dorso-ventrally 

A broad septum within the canal. The 
anterior canal half the size of the posterior 

Simple 
A slight superior spur 

Simple 
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OBSERVATIONS—Continued 

Simple 

Simple 

Simple 

A superficial internal sep- 
tum, Small anterior, 
large posterior canal 

A broad superficial inter- 
nal septum. Anterior 
canal smaller 

Slight antero-superior 
spur on roof 

Simple 
Simple, larger 
Anterior superior spur. 

One to two division 
Antero-superior notch 
Simple 

Simple 
Simple 

A ridge below, a spur 
above 

Simple: 

Simple 
A marked superior spur 
Simple 

RIGHT 

A deep septum half the length of the canal. 
Equal division. 

A slight double spur on the internal supe- 

rior margin 

A slight spur from the roof near the inter- 

nal orifice 

A rough superior margin internally. The 

medial side of the posterior condyloid 
canal opens into the skull posterior to 
canalis hypoglossi 

A slight superior spur. 

sion half the posterior 
The anterior divi- 

Slight antero-superior notch 

Simple 

Simple, smaller 

Slight double superior spur 

Two slight superior elevations 

Simple 

Simple 

Simple 
Simple 

Simple 

Simple 

Simple 
Simple 

Two Indian skulls from La Conner, Washington 

An internal septum. An- 
terior canal half the 
posterior 

Simple 

Simple 

Simple 

Three Indian skulls from the Longueville graves, Plumas County, California 

7647 | A superior spur 

7648 A broad superficial inter- 
nal septum 

7649 | Simple 

A narrow, median, superficial internal 

septum : 

Simple 

Simple 
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OBSERVATIONS—Continued 

16 Indian skulls from Ponce mound near Mayfield, California 

Lert 

Simple 

A thin, narrow septum 
in the mid-portion of 
the canal 

Clear 

Spur on the superior in- 
ternal margin 

Simple 
Simple 

Simple (young, first per- 

manent molar) 
Simple 
Simple 
Simple, flattened 
Simple 
A deep internal septum 

in inner third of canal 
Simple - 
A thin, superficial inter- 

nal septum. Anterior 
foramen half the size of 
the posterior 

Both foramina round. 

Septum deep’in middle 
third of canal. Ante- 
rior canal larger 

Five Indian skulls from near San Jose, California 

Median septum near in- 
ternal foramen 

Antero-superior spur and 
notch 

Simple, round 

Broad flat septum. Two 
internal foramina are 

equal. External fora- 
men single 

Simple 

LILLIE 

Simple 
Superior tongue-like process and a slight 

inferior tubercle 

Complete septum. Anterior canal half the 
size of the posterior 

Opposed spurs on internal margin 

Simple 

A superior anterior roughening 

Simple 

Simple 
Simple 
Simple, flattened 
Simple 
Simple 

Simple 
Simple 

Flattened from top down. 

Median septum near internal foramen. 
Opposed spurs divide anterior canal into 
two 

Simple 

Opposed spines. Anterior division half ‘a 

posterior 

Basioccipital of this side is destroyed 

Strong superior and slight inferior spines f 
on internal margin. Anterior division 
half posterior 
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Twelve whole skulls or entire occipital bones 

third of canal. Ante- 
rior two-thirds size of 

posterior. (6 on medial 
side of left mastoid) 

BER LEFT RIGHT 

1 | Completely divided nerve | Clear. Only one hole in dura 
in both canals 

2 | Rough superior internal | Rough superior internal margin 

margin 
3 | Slight median superior | Clear. (Anterior part atlas assimilated) 

spur 
4 | (102.) Clear Clear 

5 | Antero-superior notch Clear 

6 | Medium superior spur. Opposed median spurs 
Also superior spur in ; 
middle of anterior di- 
vision 

7 | Clear Clear 
8 | (13.) Strong septum an- | Septum in middle third of canal. Ante- 

terior canal 2-3 times rior canal is twice the size of the pos- 

as large as posterior terior 
9 | Ananterior-superior notch| Anterio-superior notch. (Occipital only) 

10 | Clear. (Occipital only) Clear internally. At external opening a 
small superior canal cut off 

11 | Clear Clear 
12 | Slight median superior | Clear 

elevation. Two small 
orifices just above in- 

ternal opening 

Twenty-two European skulls 

1 | IV. Clear Antero-superior cleft and spur 
2 | V. Thin median septum | Thicker median septum in middle third. 

in inner third Spur in middle of superior margin. 
Small inferior spur and opposed superior 

ridge in middle of anterior canal 

3 | XIII. Large and clear, | Large and clear 
posterior condyloid ca- 

: nal opens laterally 
4 | II. Clear Median superior tubercle 
5 | XV. Antero-superior ir- | Antero-superior and antero-medial spurs. 

regular process 1 to 2 Small canal antero-superior to two spurs 

mm. long 
6 | Thin septum in middle | Opposed elevations. Anterior part con- 

stricted and half the size of the posterior 
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OBSERVATIONS—Continued 

12 

19 

20 

21 

Leer 

XII. Opposed antero-su- 

perior and -medial spurs 
which enclose a small 
canal 

XIV. Clear 

VII. Antero-superior 

marginal elevation 

Ill. Slight antero-supe- 
rior tubercle 

XVII. Triangular. A 
fossa runs back from 
posterior superior cor- 

ner into a small pit 
IX. Clear opening. A 

small venous canal runs 

antero-medially from 
roof near posterior ori- 

fice to near the external 
orifice of canal : 

XVI. Clear 

VIII. Clear 

Heavy septum. Anterior 
canal small, almost slit- 
like. The slit points 
toward the condyle 

V. Clear 
It. Clear 

Il. Strong septum in in- 
ner half. Anterior canal 
slightly smaller 

(04.) (Separate occipital) 
Clear 

Bll. Opposed median 
spurs, the superior be- 

ing stronger 

Cll. Clear 

22 | Clear 

niGuT 

Same as left but enclosed canal smaller 

Clear 

Clear 

Clear 

Antero-superior notch clear through 

Clear 

Clear 

Clear 

Clear 

Clear 
A long superior spine which almost divides © 

the main canal into a smaller anterior 
canal and a larger posterior. A wide 
opening in the postero-lateral wall open- 
ing into the posterior condyloid canal. 

Clear 

Median superior spur . 

Clear 

Clear 

Clear 
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7 
Summary 

z= eS ee -4 z 
LOCALITY SIDE os a5 as aa 

Bz a5 | 8 | £3 
5 ae z 

———— ; i — | 

Left ‘ 14 0 4 11.4 35 

Illinois Indians....... Right 15 | 42.9 15 | 42.9) § | 14.3 35 

Both 32| 45.7] 29| 41.4] 9 | 12.9] 70 
| 

Left 14 | 56.0 3} 12.0 2 25 

California Indians..... Right 16 | 66.7 5 8 2.5 24 
Both 30 | 61.2 8 | 16.3 ll 22.4 49 

Speci f di Left 31 | 43.7 30 | 42.2 10 14.1 71 

a 5% arya A Right-) oot | ya) <ena7 |) 9 [197 hz 
ot haa Both | 62] 43.7] 61] 42.9| 19 | 13.4] 142 

Left 13 | 59.1 5 | 22.7 4 18.2 22 

European skulls....... Right 13 | 59.1 8 | 36.4 Ly aaa 22 
Both 26 | 59.1 13 | 29.5 5 11.4 44 

Left 75 | 49.02 52 | 33.99] 26 16.99) 153 

BISON Ric s xctas SN sre 's Right 75 | 49.34 59 | 38.82) 1 11.84) 152 

Both 150 | 49.18) 111 36.39) 14.43) 305 

Unpaired series. Fifty-nine left sides of skulls or of occipital bones from cadavers 
dissected in the dissecting room 

1. Anterior superior spine and notch. 
2. Anterior superior spine and notch. 
3. Clear. A small canal from the lateral wall of the canal opens behind the 

occipital condyl. Anterior to this are two other apparently blind small canals. 
4. A superior tubercle in the middle of the internal margin and another 

midway between the first and the antero-medial internal margin. 

5. Clear. 
6. A strong septum with a superior spur projecting inward. The anterior 

canal is smaller. 
7. The superior wall of the canal is destroyed, the remainder appears clear. 
8. A strong superior spur internally. The anterior division is half the 

posterior. 
9. Clear. 

10. A small superior elevation between anterior and middle thirds of the 
internal margin. 

11, Clear. 
12. Large. Rough superior and antero-medial margin. 
13. (18L.) A strong complete septum clear through to the external open- 

ing. The anterior canal is half the posterior. A canal from the postero-lateral 
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wall of the posterior canal opens into the medial side of the posterior condyloid 
canal. Anterior canal has marked anterior construction. From anterior open- 
ing the anterior canal has marked superior diverticulum which COMME TS 

with top of posterior canal. Latter has smaller anterior opening. 

14. Clear. 
15. Large, clear. 

16. Posterior condyloid canal opens just posterior to posterior internal mar- 
gin. The internal orifice had slight antero-superior notch. Opposed superior 
and inferior ridges near the external orifice divide the canal evenly. 

17. Antero-superior cleft. 
18. Clear. One pit in superior, another in postero-lateral wall of the canal. 
19. Rough superior margin. A small vascular canal goes laterally then 

forward from the posterior internal margin and reenters the canal at the external 

orifice. 
20. Antero-superior cleft internally. 

21. The superior wall is destroyed. Rest clear. 
22. Strong median superior spine internally. 
23. Small antero-superior cleft. 

24.. Clear. 
25. Clear. 
26. Clear. 
27. (27L.) A strong internal septum divides the canal equally. The inter- 

nal orifice of the posterior canal is much larger. A wide postero-lateral open- 
ing into the posterior condyloid canal and a large superior diverticulum opening 
posteriorly and internally. The internal opening of the anterior canal has a 
sharp spine from the antero-medial wall with a deep cleft below. A superior 
diverticulum from the common external opening. ‘ 

28. Clear. < 

29. Clear. Slight antero-medial constriction. 

30. A septum in the outer third or half of the canal. The posterior canal is 
half the anterior. 

31. Antero-medial or -superior notch. 
82. Large. Antero-medial notch. Posterior condyloid canal has opening 

into postero-lateral wall. 

33. Opposed spurs. Anterior division is half or third the size of the posterior. 
34. Antero-superior spur. 

35. (35L.) Internally an antero-superior spur has bridged the canal com- 
pletely, cutting off a small antero-superior canal which has a median superior 
spur that makes it U-shaped. 

36. Rough superior margin. Anterior constriction. Two small canals from 
postero-superior wall probably to the posterior condyloid canal. 

37. Clear. 
38. Clear. 
39. Antero-superior notch. Canal from postero-superior asc margin 

probably to posterior condyloid canal. 
40. Clear. 
41. Median and anterior superior notches. 
42. Clear. 
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43. Clear. 
44. Clear. 
45. Internal superior marginal spur, between middle and posterior thirds. 

46. Clear. 
47. Antero-superior spur. 
48. Antero-medial tubercle. 
49. A superior spine and an opposed inferior elevation. Almost complete 

division, so that the*posterior division is one and half times the size of the 
anterior division. 

50. Antero-superior internal notch includes a small spine and opposed spines 
in the middle of the canal dividing it equally into postero-superior and antero- 

inferior parts. 
51. Antero-superior notch. 

52. Opposed spurs. Anterior canal smaller. 

53. Clear. 
54 Median superior notch. 
55. Strong median septum. 
56. Opposed spines—superior longer. Anterior canal smaller. 

57. Clear. 
58. Clear. Only one hole in dura mater. 
59. Large. Strong slightly anterior septum in middle third of canal. 

Fifty-nine right halves 

1. Antero-superior cleft. 

2. Thin septum which is incomplete at the inner opening. Anterior canal 
smaller with further anterior notch. : 

3. Flattened from above down. An indicated spur in the middle of the su- 

perior internal margin. Anterior half of orifice especially flattened. External 

orifice rounded. 
4. Superior median elevation and an anterior superior spur with an opposed 

inferior elevation. 
5. Narrow septum. Anterior canal smaller. 
6. Clear. 
7. Clear. 
8. Rough superior margin. Elevation between anterior and middle thirds 

of superior internal margin. 
9. Antero-superior notch. 

10. Constricted anteriorly. 
11. Strong septum with superior internal spur. Equal canals. 

12. Clear. 
13. Small antero-superior cleft. 
14. Opposed spurs which separate the anterior third of the canal. In addi- 

tion there is an antero-medial spur. 
15. Clear. 
16. Greatly flattened. Median spur within the canal on its roof. 

17. Clear. Flattened. 
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18. (ISR.) Large oval inner orifice. At the outer orifice a thin strand of 

bone divides off a smaller posterior division. Postero-lateral to this is a pocket 
opening back and inward with a round hole 1 mm. in diameter in the middle which 
opens through into the external orifice and a pit 2 mm. in diameter above, which 
opens anteriorly into a large superior diverticulum from the anterior canal. 

19. Median superior spine. 

20. Clear. Large canal from posterior wall to posterior condyloid canal. 
21. Clear. 

22. Clear. 

23. Antero-superior spur and notch. ; 

24. Strong septum. Anterior canal smaller. Common external opening has 
superior diverticulum. 

25. Slight spur internally on upper third of antero-medial margin. 
26. Clear. 

27. Superior spur on inner margin posterior division half the size of the 
anterior. 

28. Clear. 
29. Antero-superior spur and notch. 
30. Clear. Foramen magnum and condyle malformed. 
31. Clear. 
32. Large internal opening clear. A canal starts off from the middle of the 

postero-superior wall opening separately at outer opening. An antero-medial 
notch. Antero-superior diverticulum in middle of canal. 

33. Clear. 

34. Slight opposed elevations anteriorly on inner margin. Inferior elevation 
stronger. 

35. Large. Clear. 

36. Large. Opposed spurs between anterior and middle thirds. 
37. Clear. 
38. Large. Antero-superior spur. 

39. Slight anterior superior eminence between anterior and middle thirds. 
40. Clear. 
41. Clear. 

42. Opposed elevations and dried remains of a connective tissue septum. 
Anterior canal half posterior. 

43. Slight superior spur between anterior and middle thirds of internal 
margin. 

44. Median and anterior superior spurs with slight opposed inferior ridges. 
A small canal from anterior superior corner returns by a curved course to su- 
perior wall near external orifice. 

45. (IV.) Antero-superior notch. 

46. Two superior internal spurs equally spaced with an anterior medial spur 
opposed to the anterior superior spur. A canal from posterior wall probably to 
posterior condyloid canal. 

47. An anterior constriction. 

48. Small 1 to 1.5 mm. round notch on antero-medial internal margin which 
is set off by two spurs. : 

49. Antero-superior notch. 
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50. Median superior tubercle. 

51. (51R.) Strong horizontal septum. Smaller inferior, larger superior 

canal. 5 

52. Large. Clear. 
53. Septum in internal part of canal not quite to inner orifice. Anterior 

canal half the size of the posterior. 
54. A complete thin, 2 mm. wide, superficial internal septum. Anterior 

canal slightly smaller. 
55. Two equally spaced superior internal tubercles. Antero-inferior spur 

opposes anterior one. 

56. Anteriorly constricted internal opening. 

57. Clear. 

58. Clear. 
59. Clear 

Although the number of skulls from different groups or types 

was too small for a comprehensive view, the above table indi- 

cates a variation in the frequency of division among the dif- 

ferent racial types. This was also found to be true by Bartels 

(04). Complete division shows itself in the Illinois Indians in 
only 12.9 per cent of the cases, while in the California Indians 

it was seen in 22.4 per cent. In the dissecting room specimens 

and in the European skulls the incidence was 13.4 per cent and 

11.4 per cent respectively. 

Distinct differences between the right and left sides exist. 

Complete division is more frequent on the left side—16.99 per 
cent as against 11.84 per cent—while indicated division is more 

common on the right—38.82 per cent as compared with 33.99 
per cent. The canal is clear in an equal number of cases on 

each side. Racial differences seem to be indicated here, too. 
In the Illinois Indian skulls and in those from our dissecting 

room there is practically no difference between the two sides, 

but in the California Indians and in the European skulls decided 

differences were found. 
The canal is clear in an equal unmber of cases on both sides 

This agrees very well with Weigner’s ('11) who found the canal 
clear in 62.1 per cent of the skulls on the left and in 59.2 per 
cent on the right. I find 49.02 per cent on the left and 49.34 
per cent on the right. Weigner found indicated division in 19.4 
per cent on the left and in 18.5 per cent on the right—practi- 
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cally in equal numbers in 103 skulls. I find 33.99 per cent and 

38.82 per cent for the left and right sides respectively. Com- 

plete division of the canal was present on the left in 18.5 per 
cent and on the right in 22.3 per cent of Weigner’s specimens, 
but in only 17.0 per cent on the left and in 11.8 per cent on the 

right side in my series. 

Frequently in eases of complete or indicated divisions the 
two canals are unequal, one being about twice the size of the 
other. The anterior usually is the smaller. Indications of 
further division of the larger of the two canals occurs in a few 

eases. The two canals are often equal in size. In the latter 
case some few examples of further indicated division of the 

anterior canal were seen. 
From the variations in form of the hypoglossal canal in adult 

skulls I am unable to decide whether there were three or four 
hypoglossal canals developmentally. 

I take pleasure in thanking Professor Meyer for his assistance 
and suggestions. 
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DEFINITION OF SUPERFETATION 

There seems to be a lack of unity among authors as to what 

the phenomenon of superfetation really is. Marshall (’10) de- 

fines superfetation as a condition in which ‘‘foetuses of different 

ages may be present in the same uterus.’’ He does not say 

that a second coition is necessary to produce this condition, but 
from his statement he implies that it is. He says: “‘If ovulation 
takes place during pregnancy, and if, owing to the occurrence of 

coition the ova become fertilized, the phenomenon of superfeta- 
tion may take place.’’ At least, he makes it perfectly plain that 

the eggs belong to different periods of ovulation. 

MeMurrich (13), suggests that many cases which have been 
reported as superfetation are due to differences of nutrition, and 

are the result of the simultaneous fertilization of different ova. 
He says that it is not impossible for a second ovum to be ferti- 

lized as the result of a coition at an appreciable interval of time 
after the first ovum has started upon its development. How- 

ever, the difference between the normal embryo and that due to 
superfetation is comparatively small, provided that the nutri- 

tion to both embryos are the same. He further states that for 
physiological reasons, the passage of the spermatozoén to the 

egg is very soon impossible. 

Longley ('10 and ’11) finds that coition is necessary to ovula- 
tion in the cat, and particularly to maturation; therefore, in 
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order to have superfetation, it is necessary to have a second 
coition. 

Arrowsmith (’34) gives an account of a number of cases of super- 

fetation and suggests that it is impossible that they could be the 
result of the simultaneous fertilization of different ova. 

Bonner (65) classifies the reported cases of superfetation in 

man in three groups: 1) His first group is composed of those 

cases in which two mature children are born at the same time 
but bear marks of different parents. This group of cases, of 

course, is due to different coitions, but not necessarily due to 

different periods of ovulation. In fact, they could not be due to 
very different periods of ovulation and be born at the same 
time in the same degree of development. 2) His second group 

includes twins born at different times. He would say that these 

are the result of differences in development. 3) His third group, 
and the group which he would consider true cases of superfeta- 
tion are those in which embryos are born at intervals too small 

for a second conception. He cites a number of cases in the 
human, ranging in intervals from two and one-half months to 
five and one-half months. 

King (’13) distinguishes between what she considers superfe- 
tation and superfecundation. She defines superfecundation as 

the fertilization by successive matings of ova belonging to the 

same period of ovulation; and superfetation as the fertilization 
of ova of different periods of ovulations, followed by copulation 

occurring during pregnancy which leads to the simultaneous de- 

velopment of two sets of ova. From King’s definition, it is seen, 

that she would confine the term superfetation to those cases in 

which there has not only been a second coition but also a second 

period of ovulation. 

Sumner (’16) believes that superfetation may be the result of a 

second coition, but not necessarily so. He thinks that the 

spermatozoa (in case of mice) may be retained in the uterine 

passage of the female for a length of time and still be functional, 

and that true cases of superfetation may be the result of a 

single coition. 
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Schultze (66) does not say that superfetation is impossible; 

but he explains all of the cases reported in man up to that time 

on the basis of either the death or the retardation of the less 
advanced fetus. This also seems to be the position taken by 

Kuntz (16). He states that the “two cases of apparent super- 
fetation in cats which were examined by the writer, afforded no 

evidence in favor of the occurrence of superfetation.”’ 

Godlewski (714) believes that the process of superfetation is a 

physiological impossibility. 
It will be seen from the above that there is a great, difference 

of opinion as to what superfetation is; but all agree, at least, in 

one particular, that is, that embryos of different degrees of de- 

velopment are in the uterus at the same time. The case of the 

cat, which the writer is about to report, has also this characteristic 

in common with the other cases. There is a decided difference 
in the degree of development in the embryos, and neither set 

shows lack of nourishment, if the blood supply may be taken 

as a criterion, or any degree of decomposition. 
The writer will use the word ‘superfetation’ to mean that con- 

dition in which the uterus contains embryos of different degrees 
of development. This condition may be the result of a second 

coition or a second conception may have taken place without a 

second coition. 

SUPERFETATION OF THE CAT 

During the dissection of the cats in the class work of general 

zoology, a marked difference in the size of the enlarged places of 

the uterus was noticed in one of them. This led to an examina- 

tion of the different embryos which revealed that three embryos, 

were developed near to term, and one apparently normal, was 

much smaller and showed a much less degree of development. 
Nothing is known concerning the periods of heat or time of 
coition. 

Figure 1 shows the gravid uterus about one-half natural 
size. The enlargements, A, B, C, and D, contain embryos but 

no trace of an embryo could be found in enlargement E. The 

blood vessels had been injected and the blood supply to the uterus 

THR ANATOMICAL RECORD, VoL. 13, No. 3 
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is plainly shown. The supply to the smaller enlargements seems 

to be equally as good as to the larger ones, if the size of the blood 

vessels may be taken as an indication. 

The right horn of the uterus contained one of the larger em- 

bryos and the smaller one. The larger embryo was next to the 

Fallopian tube while the smaller one was near the vagina. The 
left horn of the uterus had three enlargements, two of which 

contained embryos of the same degree of development as the 
larger one in the right horn. No trace of an embryo was found 

in the enlargement next to the vagina, although the fetal mem- 

branes extended into it and there also seemed to be an abundant 

blood supply. 
The large embryos (fig. 2) are about 90 mm. long, not includ- 

ing the tail, and from the external features appear to be near to 
term. The limbs are well formed and normal, having joints, 

and on the ends of the digits are claws. The whole surface of 

the skin is covered with pits, although there is very little hair. 
The nose and mouth resemble the nose and mouth of a newly 

born kitten and the external ears are very prominent. The 

tail is more than one-third the length of the remainder of the 

body. The body is closed ventrally. The one represented in 

the drawing differs from the other large embryos in that a short 

distance from the body the umbilical cord divides, and a part 

passes around either side of the body to connect with the pla- 
centa. The fetal membranes fill the entire enlargement of the 

uterus and fit very closely to its walls. 

The small embryo which to all appearances shows no decom- 

position, is only 10 mm. in length. The umbilical cord oceu- 

pies about one-sixth of the ventral surface. The limbs, fore and 

hind, are merely buds. The tail is about one-fifth the length 
of the remainder of the body. There are no indications of hair 

follicles. The mouth is in the process of formation. The man- 

dibular processes have met in the midventral line, but they ex- 

tend only about one-third as far as the maxillary processes. 

The lip groove is shallow, in fact, there is merely the beginning 

of the separation of the lips and cheeks from the jaw proper. 
The oral pit is yet rectangular in shape. There is no indication 
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of eyelids; but the eyes are plainly visible from the outside as 

small dark spheres. 
It seems that the smaller embryo is at a stage of not more 

than three weeks’ development, while the larger embryos repre- 
sent seven or possibly eight weeks’ development. 

Owing to the fact that the material was preserved merely for 

the examination of the.gross anatomy of the mother, the tissue is 
not favorable for microscopic study, but the conditions for the 

less advanced fetus are the same as those for the larger ones. 

The fetal membranes of the one is in as good a state of preser- 

vation as those of the other. Both the amnion and the chorion 

of the smaller embryo has the appearance of being younger than 
they do in the case of the larger embryos, but they have no greater 

evidence of necrosis. The injection of the blood system of the 

mother before preservation has made possible a better study 

of the blood supply to the embryos than could have been made 

otherwise. If the smaller embryo should have been the result 
of an early death or retardation of development, this is not 

evidenced by any lack of blood supply. 

Although, as was stated before, nothing is known concerning 

the periods of heat and time or times of coition, yet it seems 
that the condition of the fetal membranes of both the smaller and 
the larger embryos, the abundant blood supply to the smaller 
embryo as well as the lack of decomposition are evidences that 

it is not a result of early embryonic death, but that it is a result 
of a later conception. 

DISCUSSION 

The explanations of reported cases of superfetation are almost 

as numerous as the authors who have reported them. There 

are those who do not believe that the supernumerary brood or 

accessory birth, if the writer may use that term, is (Schultze, 
*66) or can be (Godlewski, ’14) a result of conception during preg- 

nancy. As has been previously stated, Schultze (in the human) 
considers these cases as twins in which the one has been retained 

in the uterus for a longer period than the other. He explains 
the difference in the degree of development on the basis of lack 
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of food supply, therefore, development is retarded. If this be 

true of the cases reported in the human the gestation period 

has been prolonged as much as five and one-half months. So 
far as the author is aware, this is a much longer period than is 

recorded for prolonged pregnancies. Furthermore, if this ex- 

planation should be applied to the cases of the mouse as re- 

ported by Sumner (16) the period of gestation would be almost 

three times the normal period of gestation. At least, the period 

from the birth of the last normal litter until the birth of the super- 

numerary litter in one case was as much as thirty-seven days, 

which, if added to the period of gestation for the normal litter 

which is twenty-two days, would be fifty-nine days. This lacks 
only one week of being three times the normal period of gesta- 

tion. It might be added that the male was removed from the 
nest before the birth of the first litter. The writer, in giving 

extremes, would not presume to say that such a phenomenon is 

impossible; but it seems that the evidence is scarcely enough to 
justify the belief in such an extended prolongation of the time of 

gestation. 

Another explanation of the cause of superfetation which has 

been frequently given is that the organs of reproduction are 

abnormal, such as a bifid uterus, ete. Arrowsmith and others 

have shown that in a number of cases, at least, this could not 

account for the phenomenon. In the case of the sheep as re- 

ported by the above mentioned author, an examination of the 
slaughtered animal revealed no abnormality. While this ex- 

planation may seem perfectly plausible, it does not always agree 

with fact, and could not be accepted as a universal cause. 

Whether or not ovulation takes place during pregnancy, has 

been a subject for much discussion and investigation. It is the 

general belief, one is safe in saying, that ordinarily during preg- 
nancy, in man, ovulation ceases but if the condition of corpora 
lutea may be a safe criterion (MeMurrich ’13) this is not always 
true. Christopher (’86) reports having found a cat far advaneed 

in pregnancy with four mature Graafian follicles each containing 

a mature ovule. There is also some evidence that ovulation may 

occur during pregnancy in the horse. 
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According to Marshall (710), MeMurrich (’13), Bonnar (’65), 

Arrowsmith (’34), King (713), Herzog (’98), and Sumner (16), 

superfetation may be caused by the fertilization of an egg ovu- 

lated during pregnancy. Marshall, MeMurrich, and King 

further state that the phenomenon is also due to a second coition. 

Sumner suggests that perhaps there is a periodicity of ovulation 

which may not be interrupted by gestation, and that the sper- 

matozoa may be retained in the reproductive organs of the female 

for a considerable length of time, and yet remain functional. 

His data show that either this must be true, or that the period 

of gestation is greatly prolonged, even more than doubled. In 

one case the last opportunity for copulation was nineteen days 

before the birth of the first litter, and forty-seven days before the 

birth of the second litter. Since spermatozoa have been found 

alive and active in the female reproductive organs some time 

after coition, it seems as reasonable to believe that these sperma- 
tozoa would function as that development would be prolonged to 

such an extent. 

However, in the case of the cat described by the writer, an- 
other difficulty arises. The less mature embryo is next to the 

vagina, and in the same horn of the uterus between it and the 
Fallopian tube, is an embryo almost at maturity. While one 

would scarcely be justified in saying that the passage of an egg 

from the ovary to this position in the uterus under these condi- 

tions, is impossible, yet it hardly seems probable, for the fetal 

membranes are in very close contact with the uterine walls. 

King suggests, in case of her rats, that perhaps the ovaries 

functioned independently, and that the first litter was the result 

of the ovulation of one ovary and the second litter the result of 

the ovulation of the other ovary. So far as the data given in her 

paper shows, this is merely a suggested possibility. No structures 

were examined to support the theory. 

In the case of the cat, this would be equally as improbable as that 

the egg was fertilized by spermatozoa which have been retained 

in the uterus of the mother for, as has been stated before, in the 

same horn of the uterus between the vagina and the small 

embryo was an embryo which was near to term. 
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The writer would raise the question whether it would not be as 
reasonable to believe that the egg might be retained in the 

uterus some time before it was fertilized and yet be able to de- 

velop into an embryo, as that the spermatozoa could function 
some time after being discharged. The evidence seems to point 

to a good blood supply to the smaller embryo, and the implanta- 
tion seems as good as the more advanced embryos. If it is 

small on account of retardation of development, some other 

‘ause for this arrested development must be sought. If the egg 

which gave rise to this embryo is of a much later period of 

ovulation than the eggs which gave rise to the other embryos, 

there is the mechanical difficulty of the passage of the egg from 

the ovary to the position which the embryo occupies in the uterus. 

This is true whether or not the egg was fertilized by a spermato- 
zoon from a second coition, or from a spermatozo6n which has 

been retained in the uterus for some time. 

It seems reasonable to the writer that the different cases of 
superfetation may be the result of different causes and that it is 

hardly necessary to ascribe all cases to the same cause. Con- 

sidering all the conditions the writer would suggest that the less 
developed fetus could be accounted for as a result of delayed 

fertilization. 

SUMMARY AND CONCLUSIONS 

1. The word ‘superfetation’ has been used to mean that con- 

dition in which the uterus contains embryos of different degrees 
of development. This condition may be the results of a second 

coition or a second conception may have taken place without a 
second coition. 

2. Although superfetation is rare and abnormal, many cases 

have been reported in man as well as in a number of other mam- 

mals, which do not seem to be satisfactorily explained in any 

other way than that a second conception has taken place. 

3. Perhaps not all cases of superfetation may be attributed to 
the same cause. 
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4. In the case of the cat described in this paper,’ it seems as 

reasonable to think of the less advanced embryo as the result of 

delayed fertilization as to account for it on the ground of delayed 
development or a second coition. 
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PLATE 1 

EXPLANATION OF FIGURES 

The pregnant uterus of the cat, one-half natural size. Enlargements A, Cc, 

and D contain embryos 90 mm. in length. Enlargement D contains the 
embryo shown in figure 3. Enlargement E does not contain an embryo. 
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PLATE 2 

EXPLANATION OF FIGURES 

The embryo of enlargement D, figure 1, two-thirds natural size. Theembryo ~ 
is surrounded by the fetal membranes and a portion of the uterus. A part of 
the umbilical cord extends around one side of the body and a part of it extends 
around the other. 

The embryo of enlargement B, figure 1, enlarged 5 diameters. The embryo 
is surrounded by the fetal membranes and a portion of the uterus. 
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LABORATORY APPARATUS 

I. A SIMPLE ELECTRIC THERMO-REGULATOR 

H. S. BURR 

From the Anatomical Laboratory of the Yale School of Medicine 

ONE FIGURE 

_ The electric thermo-regulator here described is the result of several 
years of sporadic experiments. The object was to design an instru- 
ment that could be readily built by any laboratory technician; that 
could be run on an ordinary lighting circuit without the use of a relay, 
.condensor or other apparatus of that sort; that would be more posi- 
tive and less subject to fluctuations due to jar than the mercury column; 
and finally that would be more accurate than a bi-metallic regulator. 
It is believed that this instrument fulfills many of these requirements. 

The principle is simple. It consists of a walking beam actuated by 
an ether tambour. The expansion of the tambour forces down the 
reach of the walking beam so that the consequent raising of the other 
reach breaks the electric circuit. Figure 1 gives the details of its con- 
struction. The whole apparatus should be built of brass with the 
exception of the steel pin which acts as the bearing of the walking 
beam, and the platinum-iridium contact points which are forced under 
pressure into the ends of the walking beam and adjustment screw. The 
dimensions given may be varied to suit the convenience of the ma- 
terial at hand although the measurements given have been found to be 
the most satisfactory. 

The most difficult part of the construction is the ether tambour. 
While it is possible to make it in a well equipped shop it will be found 
more satisfactory to purchase a thermostat manufactured by the 
Banner Incubator Company, Baraboo, Wisconsin or a Newtown ther- 
mostat manufactured by the Giant Incubator Company. A good 
mechanic, however, can spin a tambour provided he has a speed lathe 
available. The method is as follows: In the end grain of a hard wood 
block a series of concentric grooves and ridges of semi-circular cross 
section are worked. Then by fastening a sheet of thin soft brass 
against the wood block, the whole being fastened to the face plate of 
the lathe, the soft brass can be worked into the grooves. Two plates 
are crimped in this manner, cut into circular disks slightly larger than 
the diameter of the tambour and soldered gas tight over a spreader 
plate. 
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The assembled instrument should be supported upside down in the 
constant temperature box or room, that is to say, it should be fastened 
to the sidewall with the wooden base up and the instrument hanging 
down so that gravity will keep the long reach of the walking beam 
pressed against the contact adjustment screw. The expansion of the 
ether then depresses the short arm, raises the long arm and breaks the 
circuit. Two adjustments are provided so that any temperature within 
the range of the heating element may be maintained. 

Almost any electric heating apparatus from simple batteries of car- 
bon lights to an electric radiator may be used with complete satis- 
faction. Where large spaces are to be heated it will be found best to 
have sufficient heat on all the time to keep the temperature up to 

Sreel Bearing Pin 

: | : Adjustment Screw 

Figure 1 a ” 
U-Nanometen> 

within 5° of the required temperature, the regulator being then cut 
in on a circuit with a sufficient heating element to readily raise the 
temperature the remaining 5°. 

In installing this instrument the most satisfactory result will be 
obtained if the box or room is thoroughly insulated from the sur- 
rounding temperature. For ordinary paraffine work in the class room 
or research laboratory, a tight, thick-walled wooden box serves ad- 
mirably. Such an oven with inside dimensions of 12 by 12 by 18 inches 
is especially adapted for paraffine work since a temperature of 54° on 
a shelf placed just above the heating element gives a temperature on a 
shelf 6 inches higher that will flatten our paraffine sections and dry 
them. A small room may be kept at a constant temperature pro- 
vided the heat elements are scattered throughout the floor of the 
room. 

— 
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With well insulated walls any given space can be maintained at a 
constant temperature with less than 0.5° of variation. Little work is 
required to keep the apparatus in good working order; it is only neces- 
sary at intervals to clean the platinum contacts. 

The author is indebted to Mr. A. E. Scharff, Laboratory Technician 
of the Anatomical Laboratory of the Yale School of Medicine for help 
and many suggestions in making this instrument. 

II. AN AUTOMATIC AIR PRESSURE VALVE 

AUGUSTUS E. SCHARFF 

ONE FIGURE 

Those who have had to depend upon the ordinary means for applying 
air pressure for injecting such as a hand or water pump, recognize the 
difficulty of accurately regulating the pressure or maintaining known 
constant pressure over any length of time. The essential feature of an 
apparatus used in this laboratory for several years which accomplishes 
tee above object is the automatic air pressure valve described below 

g. 2). 
The valve consists of a piston working against a spring within a 

cylinder and connected with the lever of an air cock. The air from the 
reservoir, under high pressure, is led through the air cock to the rear of 
the cylinder and forces the piston outward, compressing the spring, 
which partially shuts off the supply of air through its connection with 
the lever of the cock. 

The pressure valve was made from a steam radiator air valve. The 
base is unscrewed from the bowl, the parts within removed and a spring 
and piston inserted into the bowl. The spring is of No. 14 brass wire, 
coiled ? inch in diameter and 1? inches in length. The piston‘is of 
leather, fastened to the piston red by a nut above and below it. The 
piston rod is of } inch round brass, 33 inches in length, threaded for 4 
inch at the end to which the piston is attached and for 1} inches at the 
other end, which is fastened to the connecting rod. The vent of the 
air valve is enlarged to allow the piston rod free play. A connecting 
rod of 34 inch round brass, 2% inches in length, with a sharp right 
angle bend } inch long at each end, is fastened to the piston rod by a 
link at one end and to the lever of the cock at the other. Both ends 
are burred to hold them in position. The link is made of brass, 75 
by 3 by 1 inch in size, bent in the middle at an angle of 90°. A hole 
in one end admits the connecting rod, allowing free sideways motion. 
Through a hole in the other end, the piston rod is passed and clamped 
by a thumb nut on each side. By shifting these thumb screws along 
the piston rod, the distance between the piston and the lever of the 
air cock may be lengthened or shortened, thereby changing the tension 
on the spring within the valve which thus decreases or increases the 
pressure. 
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The pipe conveying the air from the reservoir to the cylinder is led 
to a Y tube, one branch of which leads through a low pressure reser- 
voir (any large bottle, which acts as an air cushion on the mercury) 
to a U-manometer graduated to millimeters and indicating the pressure 
beyond the valve. The other branch of the Y tube leads to the re- 
ceptacle containing the injecting fluid. As the pressure in the cylinder 
is reduced by the decrease in the amount of injecting fluid, the spring 
is released pulling on the lever of the air cock, opening it and admit- 
ting a fresh supply of air. This maintains a balance between the air 
pressure in the eylinder and a tension on the spring. 

Ili. *& LABORATORY TIMING CLOCK 

AUGUSTUS F SCHAREP 

The device described below is of great value in measuring the length 
of time that pieces of tissue or slides are to be left in the different re- 
agents. It is the experience of every laboratory worker that either his 
entire time must be devoted to the staining of slides or great variations 
in the length of time in which they remain in the different reagents are 
almost sure to follow divided attention. The clock as described below 
has been used in this laboratory for over a year and it has been found 
that much time may be saved in staining sections and gr eater accuracy 
in their treatment obtained from its use. 

The works of an ordinary clock are removed from the case. With a 
number 28 drill make a hole through the face, just above the twelve 
o'clock mark and about } inch from the end of the minute hand. 
Through this hole a piece of insulated annunciator wire 6 inches in 
length is passed. Strip the insulation for about ? inch from the end of 
the wire and bend the bared portion in the form of a flat loop so that the 
minute hand in passing will rub over it. The insulation must not be 
removed from that portion of the wire which passes through the hole 
in the clock face. Wrap the end of this wire behind the clock face, 
around one of the cross stays of the works and leave the end free. 

Drill a hole through the shell of the clock through which the loose 
end of the annunciator wire may be passed. If the clock used is an 
alarm clock, the clapper may be removed and the wire passed out 
through the clapper slit. Place the works within the shell. 

Fasten one wire of a 2 or 3 foot piece of double, flexible, electric 
light cord to the end of the annunciator wire from which the insulation 
has been stripped for the purpose. Wrap the union with tape. Fasten 
the stripped end of the other wire to any convenient portion of the 
clock. Fasten one wire from the other end of the flexible cord to a 
buzzer or bell, the other two to dry cells. Complete the circuit, 
interposing a simple switch so that the circuit may be broken at will. 

For convenience in turning the minute hand a piece of brass tubing 
may be fastened to the thumb screw controlling it. 
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To use the clock: wind it, turn the minute hand to the desired num- 
-ber of minutes before the even hour that it is desired to leave the 
slides in the stain. Place slides in stain. Close the switch. When the 
time has elapsed, the minute hand connecting the contact with the 
wire loop will sound the buzzer, which may be stopped by opening 
the switch. Remove the slides from the stain and reset the clock for 
the next stage. In the intervals between the actual processes of 
setting the clock and changing the slides from one reagent to another, 
the mind is left free for other things. 

By fastening a piece of sheet metal to the bottom of the shell of the 
clock so that it will project backward just behind the clock and fast- 
ening a strip of metal to the table so that the projection on the bot- 
ate the clock may be slipped under it, the clock is rendered more 
stable. 
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SOME SUGGESTED CHANGES IN NOMENCLATURE 

MARSH PITZMAN, M.D. 

In charge of anatomical instruction, Dental Department of Washington University, 

St. Louis 

The changes in nomenclature suggested in the following notes are 
based on their alleged practical importance. The names objected to 
in my opinion tend to be a source of confusion to the student and prac- 
titioner, while the substitutes are offered as a step towards clarity and 
simplicity in anatomical nomenclature. All the names objected to 
have been accepted in the B. N. A. revision. I have not found these 
alleged sources of confusion commented upon in our texts, reference 
books or literature. Many of these notes are of such a nature that 
they must have been considered by others, while some may represent 
previously undetected errors. But any question of priority is aside 
from my argument, which is that our reference books should at least 
point out these sources of confusion. As a matter of convenience 
these notes will be arranged in the sequence of the B. N. A. 

Osteologia. Instead of os ilium, os ischii,and os pubis the official 
names should be pars ilium (ossis coxae), pars ischium (ossis coxae) 
and pars pubis (ossis coxae). The practice of speaking of part of a 
bone as a separate bone confuses students, so that eventually they are 
uncertain as to what constitutes a bone. 

Introduce logic into the use of the terms tuberculum, tuberositas 
and tuber—that is use tuberculum for small projections, tuberositas 
for medium sized projections and tuber for large projections. The 
present haphazard arrangement, as for example tuberculum humeri as 
contrasted with tuberositas unguicularis, is a severe tax on the memory 
without a compensating benefit. 

The official term diploe might be dropped entirely with advantage. 
Students on account of the special name are bound to feel that the 
spongy layer of the cranium differs essentially from ordinary spongy 
bone. 

Syndesmologia. It would be a great convenience to establish an 
official name for a group of ligaments and then designate as pars the 
component subdivisions, as for example: 

ligamentum caraco-claviculare 
pars trapezoideum 
pars conoideum 
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For practical purposes the articulatio talo-cruralis is the worst 
offender, as no official collective name is given. My suggestion 
would be: 

ligamentum collaterale tibiale (talo-cruralis) 
pars tibio-naviculare 
pars caleaneo-tibiale 
ars talo-tibiale anterius 

pars talo-tibiale posterius 
ligamentum collaterale fibulare (talo-cruralis) 

pars talo-fibulare anterius 
pars talo-fibulare posterius 
pars caleano-fibulare 

Myologia. The term septum intermusculare is used when what is 
meant might be more accurately phrased as septum intergregare 
(musculorum)—gregare, derived from grex, a herd or group. As the 
suggestion is original no guarantee is offered for the correctness of the 
Latin. The term septum intermusculare might then be reserved for 
the minor partitions between the various muscles of one group. 

The official term fascia superficialis might with great advantage be 
dropped entirely, substituting the terms tela subcutanea adiposa or 
panniculus adiposus throughout. Students are bound to be confused 
by the use of the word fascia in connection with a fatty layer, while its 
continuation in my opinion serves no useful purpose, but simply per- 
petuates the confusion of a past generation of anatomists. 

Students have great difficulty in keeping clear the distinction be- 
tween the ligaments, which hold down the tendons in the hand and 
foot regions, and the ligaments of the neighboring joints. Their pro- 
test that their name sound so much alike is in my opinion justified. 
I would therefore suggest that these bands be no longer called liga- 
ments, but retaining bands—retinacula. This is already partly the 
custom, as in retinaculum mm. peronaecorum sup. vel. inferius. 

Splanchnologia. The term fundus vesicae to describe what would 
seem to be more logically named basis vesicae might well in theory give 
rise to confusion. Students ace bound to feel that the term fundus 
vesicae describes the globular upper free surface of the bladder. That 
even the highly trained specialist practitioners have confused the term 
may be noted in an article by Dr. Bransford Lewis, Journal American 
Medical Association, vol. 60, pp. 1765-1766. I would therefore sug- 
gest that the term fundus vesicae be discarded and that basis vesicae 
be substituted. 

The term ductus deferens is a great improvement over vas deferens, 
but inasmuch as this term might be applied to the duct of any gland, 
in behalf of accuracy I would much prefer a specific term, as either 
ductus testis or ductus spermaticus. 

Angiologia. The arteria epigastrica inferior for obvious reasons 
should be known as the a. hypogastrica (paries abdominis), while the 
a. epigastrica superior would automatically become simply the a. 

al 
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epigastrica. A long established misnomer, probably carelessly named 
by surgeons according to the common position of the body during 
abdominal operations. 

The arteria iliaca communis should divide into external and internal 
subdivisions. Granted that this not an ideal nomenclature, it is in 
my opinion the best that can be done and greatly superior to the 
present confusing arrangement. 

Discontinue the use of the term plexus to describe a network of 
smaller vessels, substituting either rete or some other suitable term. 
The use of plexus to describe both a network of vessels and a weay- 
ing of nerves is both theoretically and practically wrong. The restrict- 
ing of the use of the word plexus to nerves would in my opinion help 
not only students, but also scientists. 

Neurologia. For the same reason as noted in the vessel discussion, 
discontinue the term ramus anastomaticus in connection with nerves, 
substituting ramus or ramulus communicans or some other suitable 
term. 

Diminutives. The term glandula to describe macroscopic glands is 
unfortunate, as the diminutive ending keeps suggesting to the student 
that the gland is of sub-macroscopic size. I would like to see the 
term glans introduced for the macroscopic glands, retaining glandula 
for the glands scarcely or not visible to the unaided eye. 

The word ductulus should in my opinion be substituted for ductus 
in connection with the terms ductus biliferi, ductus sublingualis, 
ductus prostatici and ductus sudoriferus. 

In conclusion let me as a non-specialist in anatomy again record 
my enthusiasm for the practical value of the B. N. A. revision. The 
authors of the B. N. A. did not put out their list as an absolutely 
fixed and permanent thing, but specifically called for criticisms from 
those actually using it. I do not advocate that anyone use any of 
these suggested changes, but I desire to give my views publicity in 
order that they may receive consideration in any possible new revision. 
In spite of the unquestionable disadvantage of changes in nomencla- 
ture, any change which will yield an essential betterment must even- 
tually come into its own. The knowledge that a generalist’s point of 
view has often proven of interest and value to specialists encouraged 
me throughout this effort. 
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ON THE DEVELOPMENT OF THE LIVER IN THE 
GENUS CITELLUS 

CHARLES EUGENE JOHNSON 

Department of Animal Biology, University of Minnesota 

FOUR FIGURES 

In a brief reference to the embryonic liver in the European 
ground squirrel Citellus (Spermophilus) citellus, Voelker (’01) 

states that in this animal the organ develops as two hollow out- 
growths of the ventral gut wall, and from these outgrowths solid 

cords of cells sprout outwards to all sides. Each of the two 

outpocketings opens separately into the foregut. This process, 

he remarks, does not correspond to the accounts that have been 

given for other mammals. 

Voelker does not state whether or not these two outgrowths 

are paired structures, but so far as may be judged from the 

figure accompanying his account—which, however, is intended 

for illustration of the pancreas rather than the liver and therefore 

does not present a favorable view of the latter organ—they rep- 

resent unpaired outpocketings of the ventral gut wall, one situ- 

ated caudad to and in close association with the other. If this 
interpretation be correct, the anterior outgrowth probably rep- 
resents the pars hepatica and the posterior one the pars cystica. 

In three other embryos of the same developmental stage as the 

specimen on which the description just given is based, he found 
the condition of the liver differing from that first mentioned to 

this extent, that the two primitive bile ducts are joined in a 

common diverticulum which is an outpocketing of the ventral 

gut wall. In a more advanced embryo (6 mm., greatest length) 
he found the ductus choledochus entering the gut wall on the 
right side, this position having been brought about by the _ 

rotation of the digestive tube. 
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Jandsik ('95), in his study of the development of the pancreas 

in the same species, examined embryos ranging in length from 6 

mm. to 35 mm. He refers to the condition of the liver only in 
the youngest of these embryos and here he finds that it is ecom- 

posed of two canals, one directed toward the left, the other 
toward the right. 

From Jandstk’s meager description it is not possible to know 

whether these two canals represent the developing liver in its 

entirety, that is, both hepatic and cystie portions, or, as seems 

more probable, the hepatic portion alone. 

Although Voelker gives no measurements for the youngest em- 

bryo examined by him, it is clear from the appearance of the 

liver and the pancreas as shown in his illustration that it repre- 
sents a considerably earlier stage than the one Jandsik describes 

for his 6 mm. embryo; also, the condition described in Voelker’s 
more advanced specimens, up to and including the 6 mm. em- 

bryo, does not agree with the statement for the 6 mm. embryo 
in Jandsik’s series. It is therefore doubtful that the two canals 
noted by Jandsik correspond to the two hollow outgrowths 
observed by Voelker. 

A study of a series of embryos of the American ground squir- 
rels Citellus tridecemlineatus and C. franklinii, ranging from 
1.5 mm. to 6 mm. in length, shows that in these members of the 

Genus at least the development of the liver is not essentially 
different from that observed in other mammals. The results of 
this study may be briefly summarized as follows. : 

CITELLUS TRIDECEMLINEATUS 

The earliest stage in my series in which the hepatic anlage 

is present isa 1.5 mm. specimen. In this embryo the anlage is a 
thickened area in the ventral wall of the foregut, just in front of 

the yolk stalk, continuing laterally a short distance onto the side 
walls of the digestive tube. The lateral extent of the anlage is 
greater than the antero-posterior extent, the area representing a 

transverse rather than a longitudinal thickening in the wall of 

” the foregut. 
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In embryos between 1.5 mm. and 2 mm. in length the hepatie 

thickening becomes a distinct outpouching of the gut wall. This 

outpouching is triangular in shape, being broadest in its poste- 

rior portion bordering the yolk stalk and from here becoming 

narrower toward its anterior end. It is relatively large and in 

these and slightly more advanced stages is decidedly asymmetrical 

with respect to right and left, caused by the indentation of its 

right antero-ventral wall by the ventricular loop of the heart. 

In surface view the pouch presents three lobe-like divisions, a 

right and a left posterior lateral lobe separated by the indented 

area, and an anterior median lobe lying in the angle formed by 

the vitello-umbilical trunks as they converge to enter the sinus 

venosus. 
Variations in the form of the hepatic pouch occur, depending 

apparently upon the variable mechanical effect of the developing 

vitelline veins and vitello-umbilical trunks, the septum trans- 

versum and especially the heart. 
In embryos about 2.5 mm. in length the hepatic anlage reaches 

its maximum development as a smooth-walled outpouching of the 

foregut wall. It is now a large, approximately symmetrical, 

more or less spindle-shaped pouch situated transversely upon the 

ventral wall of the foregut with which it is connected by a short 

hollow stalk. The enclosed cavity conforms to the general 

external shape of the pouch but its size is much reduced by the 

increased thickening of the enclosing walls and in the extreme 

lateral portions of the diverticulum it has been entirely occluded. 

Trabeculae make their appearance on the surface of the hepatic 
pouch in embryos but slightly older than the preceding and in 

specimens about 3.5 mm. long the walls of the diverticulum have 

in large part been transformed into such sprouts. 
The hepatic outgrowth in embryos up to about 2.5 mm. or 3 

mm. long represents the primary hepatic diverticulum or pars 

hepatica only. But now there appears a thickening in the floor 

of the foregut caudal to but continuous with the primary out- 

growth, and this constitutes the pars cystica. In embryos about 

3 mm. or 3.5 mm. long the pars cystica has become a distinct 
evagination from the gut wall, occupying the angle between the 

pars hepatica and the yolk stalk. 
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The thickened area forming the anlage of the pars cystica is 

from the first continuous anteriorly with the pars hepatica and 

therefore is not a separate area but rather a caudal extension 

of that thickened portion of the tube which already has given 

rise to the pars hepatica, appearing later than the pars hepatica 

for the reason that the part of the gut floor concerned with its 
formation’ is of later development than the part in front of it 
which gives rise to the hepatic portion proper. 

In embryos of 3.5 mm. to 4 mm. a further outpushing of the 
pars cystica from the digestive tube has resulted in the formation 
of the ductus choledochus, which is a short broad tube into which 

the pars hepatica and pars cystica now open by wide channels 

representing the hepatic and cystic ducts respectively, and 
through which these ducts communicate with the digestive tube. 
To the ductus choledochus as now constituted the pars hepatica 

contributes the anterior and the smaller part of the lateral walls 
while the pars cystica contributes the greater pars of the lateral 
and all of the posterior wall. 

The distal portion of the pars cystica is at this period distinctly 
marked off as the gall bladder. 

In embryos about 5 mm. in length the ductus choledochus has 
been constricted into a tube whose diameter is about one-half 
that of the 4 mm. stage; the gall bladder is about double its former 

size, is smooth-walled, of globular form and has a sharply 

defined cavity the diameter of which is slightly less than the 
thickness of its wall. 

At the junction of the ductus choledochus with the hepatic 
and cystic ducts there is a bladder-like dilatation about two- 

thirds the size of the gall bladder. This is a conspicuous struc- 
ture in each of three 5 mm. specimens in my series and appears to 

be a point of detail which does not occur in connection with the 
bile ducts in the second of the two species here concerned. 

CITELLUS FRANKLINII 

The early development of the liver in this species agrees in 
its main features with that of Citellus tridecemlineatus. The 

chief points of difference are in size and form. In Citellus 
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franklinii the organ is a much less voluminous structure and the 

pouch-like outgrowth, in contrast with that of the first described 

species, is from its first appearance quite symmetrical and more 

evenly expanded, being on accouvt of its much smaller size 

modified only to a slight extent by encroachment of the heart 

and other neighboring structures. 

No trace of a ventral pancreas was found in any of the stages 

of the two species examined. The entire absence of a ventral- 
pancreas in the European ground squirrel has been reported by 

Voelker and Jandsik. 
In a 6 mm. embryo the gall bladder and biliary ducts corre- 

spond closely to the condition in the 5 mm. embryos of C. tride- 

cemlineatus, except that the bladder-like dilatation associated 
with the bile tubes of that species is here lacking. 
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PLATE 1 

EXPLANATION OF FIGURES . +, 

1 Antero-ventral view of a reconstruction of the primary hepatic diver-— 
ticulum of an embryo Citellus franklinii 2mm. long. X 150. ta 

2 Ventral view of a reconstruction of the liver of an embryo Citellus frank-— 7 
linii 3 mm. long. X 150. : A 

3 Ventral view of a reconstruction of the primary hepatic diverticulum and — 
a portion of the archenteron of an embryo Citellus tridecemlineatus 2.5 mm. © 

long. X 150. - i. 
4 Antero-ventral view of a reconstruction of the liver and a portion of the | a 

foregut of an embryo Citellus tridecemlineatus 3.1 mm. long. 150. : a 

ABBREVIATIONS : "ai 

A. med. 1, anterior median lobe-like Lg., lungs . 
division L.p.l., R.p.l., left and right tag 

Fg., foregut lobe-like divisions 7 
Gr., anterior constriction-groove be- P.cys., pars cystica ° pit 

tween hepatic diverticulum and  P.hep., pars hepatica m 
foregut Y.st., yolk-stalk me 

Hg., hindgut H. A. Sanborn, artist van 
~~. 4 

U 
é 
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A NOTE ON THE ANASTOMOSIS OF ARTERIES 
AND VEINS IN A CAT 

NEWTON MILLER AND JAMES 8. GODFREY 

University of Utah 

ONE FIGURE 

In the spring of 1916 a number of cats were brought into the zoolog- 
ical laboratory for dissection. Among this number was one which 
showed a very unusual degree of anastomosing of arteries and veins. 

A carmine starch mass was injected into one of the carotids with 
the result that it passed over into some of the veins, especially those 
of the hind legs and those of the posterior abdominal region. Since 
starch grains do not pass through the capillaries, it was evident that 
direct union between arteries and veins “were present. 

Examination showed one large connection between the caudal 
artery and common iliac vein which permitted the filling of the post 
cava. In addition four others were found in the branches of the in- 
ternal iliacs; seven in the branches of the femorals; three in the branches 
of the iliolumbars; two between the adrenolumbars; one between the 
intercostals which allowed the azygos to fill, and five between the 
branches of the right subclavian artery and vein. This is a total of 
twenty-three, besides there were evidences of others which we were 
unable to locate. 

These connecting vessels were between 0.2 mm. and 0.5 mm. in 
diameter in all cases except that between the caudal artery and com- 
“mon iliac vein, in which case the vessel was more than a millimeter in 
diameter. The lengths varied between 1 mm. and 4 mm. 

We examined the mother and two sisters of the specimen but found 
no trace of anastomosing in any of them. Other members of the 
family are under observation and these with their offspring will be 
examined in due time. The specimen was about nine months old when 
killed and appeared to be in good condition, with the exception that 
its hair never laid down smooth and sleek. 
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Fig. 1. Arteries are indicated in solid lines. 

The arrows indicate the anastomoses. 

3. GODFREY 

Veins are shown in outline. 



THE ANATOMY OF A TWO-HEADED LAMB 

ALBERT M. REESE 

West Virginia University, Morgantown, West Virginia 

EIGHT FIGURES 

This lamb was born on March 24, 1916, at Bingamon Creek, 

W. Va., of a three-year-old Southdown ewe which is still alive. 

It was sent to the writer by Mr. C. O. Reed, taxidermist, of 

Fairmont, W. Va. According to Mr. Reed the lamb fed with 

both mouths, and seemed perfectly well up to the evening of 

June 6, 1916, but was found dead the next day. It was exhibited 

at various places under the name of ‘ Betty,’ the posters announc- 

ing that ‘“‘This Wonder Freak Feeds From Either Mouth, 
Hears From Four Ears, And Sees From Four Eyes.” The 

animal, it will be seen, lived for about ten and one-half weeks. 

When received the lamb had been skinned and all four legs 
had been cut off close to the body. In removing the skin so 

many of the muscles of the neck had been removed or torn that it 

did not seem worth while to make a study of this feature of the 

anatomy. Some of the superficial blood vessels and glands were 

also injured, as will be noted below, by the careless skinning. 

Since Mr. Reed especially requested the return to him of the 
skeleton, it was not possible to make a study of the nervous 

system. 

Figure | is a photograph of a ventro-lateral view of the ante- 

rior region of the animal. The heads are of about the same size, 
and are joined in the anterior cervical region. They are so close 

together that the adjacent ears (they were all, of course, removed 

with the skin) must have been closely crowded together. With 
the exception, perhaps, of a slight loss of bilateral symmetry 

there is nothing unusual in the appearance of the thorax, unless 

it be a rather unusual depth in a dorso-ventral direction. 
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A dorso-lateral view of the animal shows a bifurcated liga- 

mentum nuchae, the division taking place in the anterior third 

of the cervical region; otherwise there is no more unusual appear- 

ance than would be expected in such a monster. 
Figure 2 shows the heart, and the glands of the neck and thorax, 

as seen in a ventro-lateral view, after the removal of the ventral 

and lateral portions of the wall of the thorax and the remains 
of the superficial muscles of the neck. 

ABBREVIATIONS 

a, outline of the thorax before its 

removal 

aol, left aortie arch 

aor, right aortic arch 

ar, articular surface for atlas 

al, atlas 

au, auricles 

ax, axis 

az’, extra bone of axis 

ca, left precava 

ca’, right precava 

cp, postcava 

ce’, third cervical vertebra 

cv’, seventh cervical vertebra 

dao, dorsal aorta 

dbl, left ductus Botalli 

dbr, right ductus Botalli 

e, external auditory meatus 

f, auricle-like lobe of lung 

fa, atlantal foramen 

ft, foramen transversarium 

il, left brachiocephalic artery 
ir, right brachiocephalic artery 

jef, fused external jugulars 

jif, fused internal jugulars 

jel, left external jugular veins 

jil, left internal jugular veins 

jer, right external jugular veins 
jir, right internal jugular veins 

of, fused jugulars 

1, various lobes of the lungs 

la, la’, larynx of left and of right heads 

lg, lymph gland 

llc, left carotid artery of left head 
Irc, right carotid artery of left head 

lu, lung 

mv, mital valve of right heart 

mv’, mital valve of left heart 

0,0’, abnormal openings between cav- 
ities of the hearts 

p,p’, parotid glands 
pl, left pulmonary artery 
pr, right pulmonary artery 

pel, left pulmonary vein 

per, right pulmonary vein 

r, third rib 

ric, left common carotid of right head 

rre, right common carotid of right 

head 
scl, left supernumerary carotid 

ser, right supernumerary carotid 

sl, left subclavian artery 

sr, right subelavian artery 

sm, sm’, submaxillary glands 

svl, left subclavian vein 

ser, right subclavian vein 

t, UV, left and right thymus masses 

ta, ta’, trachae 
u, i’, thymus of left neck 

tr, rhymus of right neck 

tv’, second thoracic vertebra 

ty, ty’, thyroid glands 
v, ventricles 

va, vertebral artery 
ve, vertebral vein 

x, narrow interauricular septum 

z, 2’, left and right azygos veins 
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The enormous heart, with its two apices, and ‘. and its 

pericardium intact, is shown nearly filling the thoracie cavity; 

it will be deseribed later. 

The thymus gland begins as two large, white masses of lob l- 

lated material, /, ¢’, at the anterior border of the heart. Thes 

two masses are of approximately the same size, the apparent 

Fig. 1 A ventro-lateral view of the two-headed laml 

which it was received 

difference in size, as seen in figure 2, being due to the fact that 

the one on the animal’s right side is seen in profile. After extend- 

ing cephalad for about 5 em. they pass out of the thorax (whose 

original anterior limits are indicated by the curved, broken line, 

a) and lie on the ventral surface of the neck. 

A short distance cephalad to the thorax the left thymus mass, 

t, divides into two smaller, elongated masses, il, tl’, which li 

close on either side of the trachea, fa, and extend forwards to the 



182 ALBERT M. REESE 

Fig. 2. A ventro-lateral view of the lamb after the removal of the ventral 
wall of the thorax and the superficial muscles of the neck, to show the glands of 
the neck and the heart in its pericardium. 
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angles of the jaws, where they lie, at least on the right side, be- 

neath the submaxillary glands. These two anterior prolonga- 

tions are of the same character as the main mass, but are sepa- 

rated from it by deep furrows. 
The right thymus body, ?’, divides in the same way anterior 

to the thorax, into two masses, fr, ir’, but the mass on the right, 

tr’, was almost entirely torn away in removing the skin, so that 

its size could not be determined; in any case but little of it 

would show in this view of the animal. The left mass, ¢r, is 

very large and extends forwards to the corresponding angle of 

the mandible, where it disappears beneath the submaxillary 

gland of that side. 
Lying between the thymus masses, ¢l and tr, are seen the fused 

external jugular veins of the adjacent sides of the two necks, jf. 
The thyroid glands, ty, ty’, are dark-colored, unsymmetrical 

bodies, about 2 cm. in longest diameter, lying around the ven- 

tral wall of each trachea, ta, ta’, just caudad to its larynx, la, 

la’. The two glands are of approximately the same size and shape, 
and do not have the two lobes and connecting isthmus charac- 

teristic of this gland. Whether this irregularly saddle-shaped 
mass represents a fusion of two lobes or merely one enlarged single 

lobe it is difficult to say. The greater part of each gland lies on 
the left side of its trachea. 

The salivary glands. The submavillary glands, sm, sm’, are 

seen as lobulated masses, about 2.5 em. in longest diameter, 

lying at the angle of each jaw. The gland of the left side of the 

right head was badly torn, so that its exact outline could not be 

determined, but it was apparently of about the same size and 

form as the other three. 
The parotid glands, p, p’, were all torn off in skinning except 

the right gland of the right head, the ventral end of which is 

shown at p’. This gland is about 3.5 em. in length and is of a 
crescentic shape. It extends from just cephalad to the external 

auditory meatus to the angle of the jaw, where it partly overlies 

the submaxillary gland. On the left side of the left head a 

depression, p, in the muscles between the external auditory 

meatus, e, and the submaxillary gland, sm, indicates the former 
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position of the parotid gland of that side. So far as could be 
determined the parotids were all normal. 

The sublinguals are apparently normal, as might be expected 

from the character of the mandibles and tongues, and are not 

indicated in figure 2. 

A large lymph gland, lg, is shown at the base of the neck on the 

left side. 

The exterior of the heart and the main blood vessels 

Figure 3 represents a ventral view of the anterior end of the 
animal after removal of the ventral thoracic wall, the pericardial 

membrane, the superficial muscles of the neck, and the thymus 

glands. The veins and the pulmonary arteries are stippled; the 

other arteries are shown in outline. 

The heart. At first glance, from this view, the hearts seem 

quite distinct, though closely pressed together; just how closely 

they really are united will be described later. 

The two left ventricles are seen at v, v’; the two right ventricles, 

of which that of the right heart is much the smaller, are seen 

at v’ and v’’’. A distinct groove in each heart indicates the line 
of division of the right and left ventricles. Covering the base 
of the right ventricle of the right heart, v’’’, and the origin of the 
right pulmonary artery is a large fold of tissue, f, that has the 

appearance of an auricle but is, in reality, a small, median lobe 
of the lung, to be described later. 

From each left ventricle arises a large aortic arch, aol, aor, 

that from the left heart being apparently the main one; it is 

about 15 mm. in diameter. This left arch bends around in the 
usual manner to the left and extends, apparently, as the single 

dorsal aorta down the animal’s back. 
The right aortic arch, aor, also curves to the left in the usual 

manner but empties, apparently, into the left arch, dorsal to 

and between the left subclavian and brachio-cephalic arteries. 

Connecting each aortie arch with its corresponding pulmon- 

ary artery is a ductus Botalli, dbl, dbr; that of the left heart is 

apparently completely closed, that of the right heart has a 

wide lumen. 
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Ts Cp 

Fig. 3 A ventro-lateral view of the lamb after removal of the superficial 
muscles and the glands of the neck, to show the double heart and the chief blood 

vessels. 
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The branches of the left aortie arch will first be described, 

then those of the right arch. The first branch to leave this 

arch, after the coronary which leaves just above the semilunar 

valve, is the large innominate or brachio-cephalic, il; it ex- 
tends directly cephalad for about 3 cm. along the ventral wall 
of the left trachea, fa, and then divides into two equal branches, 

the common carotids, llc, Ire, which extend cephalad on either 

side of the trachea to disappear beneath (in a ventral view) the 
submaxillary glands of each side. A few branches are given off 

the common carotids to the thymus and thyroid glands. 

A little more than a centimeter to the left of the origin of the 
brachio cephalic the left aortic arch gives off-a vessel of about 

half the diameter of the brachiocephalic; this is the left sub- 

clavian, sl. It extends cephalad for a couple of centimeters, in 

a course nearly parallel to the brachiocephalic, until it passes 

out of the thorax. -In removing the legs this vessel was of 

course cut, so that it could not be traced further. 
Just dorsal to the origin of the left subclavian a small verte- 

bral artery, va, takes its origin and passes dorsad to the base of 

the neck. 
About 3 em. beyond the origin of the left subclavian, from 

about the point where the left aortic arch straightens out to form 

the dorsal aorta (as it appears in this view), arises the right 

subclavian artery, sr. From this curious point of origin it 

extends diagonally forward, dorsal to the anterior end of the 
heart, and leaves the anterior end of the thoracic cavity on the 

right side, opposite the point of emergence of the left sub- 

clavian. Thus the right aortic arch gives rise to no subclavian 

artery at all. 
The right aortic arch, aor, gives rise to but one branch, the 

right brachiocephalic, ir; this branch originates about half way 

between the base of the right heart and the point of union of the 

two aortic arches mentioned above; it passes cephalad for a little 

over 2 cm. along the ventral side of the left trachea, giving off 

one or two branches to the thymus, and then divides into two 

large and two small branches. The larger branches, rle and rre, 

are the left and right common carotids of the right head; they 
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extend cephalad on either side of the trachea, as did the corre- 

sponding arteries of the left head, and disappear behind the 

corresponding submaxillary glands, giving off a few branches to 

the thymus and thyroid glands. The two smaller branches 
of the brachiocephalic have, for a better name, been called the 

left and right supernumerary carotids, scl and scr; they extend 
cephalad, about half way between the two tracheae, the left 

branch dividing at about the middle of its course into two equal 

parts. The right supernumerary -carotid enters an interverte- 

bral foramen close to the bases of the two skulls; the two branches 

of the left supernumerary carotid enter two intervertebral fora- 
mina about 1 em. caudad to the foramen into which the right 

branch entered. 

The pulmonary arteries need little description. Each arises 
from its right ventricle in the usual manner and bends to the 

left to disappear beneath (dorsal to) the heart. They are of 

about the same calibre, though as seen in the figure the left 

pulmonary, pl, seems larger than the right, pr. Their further 

course will be described in connection with the dorsal view of the 

heart. Each is connected with its corresponding aortic arch 
by a ductus Botalli, as described above. 

The veins. The postcaval vein, cp, is seen in figure 3 emerg- 

ing from beneath (dorsal to) the apex of the left ventricle of the 

left heart; it will be-described when the dorsal aspect of the 
heart is considered. 

The two precavae will now be dasedibed: The precava of the 

left heart, ca, as seen in figure 3, emerges from beneath the left 

auricle and passes cephalad across the pulmonary and _ aortic 

arches into the neck to the left of the left trachea. A couple of 

centimeters after its emergence it receives a fairly large azygos, 

2, that curves to the left and passes caudad along the left side 

of the dorsal aorta and back bone, receiving the usual intercostal 

tributaries. 

Just cephalad to the point of entry of the azygos this pre- 

cava receives two veins of about the same size as the azygos; 

one coming from the anterior wall of the thorax, if, may be the 

internal thoracic; the more anterior one, sel, though cut when the 
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foreleg was removed, is apparently the brachial or subclavian. 

About 1 em. anterior to the last vein a small vein empties into 

the dorsal side of the precava; it is the vertebral vein, vv. A 

couple of centimeters cephalad to the vertebral the precava is 
formed by the union of the left external jugular, jel, and left 

internal jugular, jil. The former is the larger, and as it was 

nearly all removed in skinning the animal its probable course is 

indicated by dotted lines. The internal jugular follow closely 

the course of the corresponding common carotid artery, lle, 
described above, and the vagus nerve. 

The precava of the right heart, ca’, is of much larger diameter 

than that of the left heart. It receives just cephalad to the 

heart a large azygos, 2’, which is, in turn, made up of two 
branches, one from the right side of the vertebral column, the 

other from the mid-ventral line of that structure. 

About 1.5 cm. cephalad to the azygos the precava receives the 

rather small right brachial or subclavian, svr, which had been 

cut, a short distance from its base, when its corresponding leg 
was removed. No vessels corresponding to the internal thoracic 

and vertebral can be seen on this side. 
A short distance cephalad to the subclavian the precava re- 

ceives from the right the large external jugular, jer, most of which 

had been removed with the skin. Just cephalad to this vein is 
the right internal jugular, jir, a much smaller vessel that fol- 

lows along the right side of the right trachea, along with the 

corresponding carotid artery. 

Opposite to these jugulars the precava receives two or three 

veins, on its median side, from the thymus gland. Cephalad 

to the above veins the precava may be followed as a very large 
vein, lying between the two tracheae; this vein has been called 
the ‘fused jugulars,’ jf. About opposite the thyroid of the left 
neck it divides into two vessels, jef and jif, the ‘fused external 

jugular’ and the ‘fused internal jugular,’ the former divides 
into four vessels, two passing beneath the left submaxillary 

gland of the right head, two passing, probably, to the skin and 

muscles between the two heads, though this could not be accu- 

rately determined because of the removal of the skin and super- 
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ficial muscles of this region. The fused internal jugular divides 

into two vessels, one of which may be followed to the base of 

each skull, where it is lost, probably passing through a foramen 

into the skull. : 
Dorsal view of the jeart 

Figure 4 represents a-dorsal view of the heart, with the 

stumps or openings of all the blood vessels. The left ventricle 

of the right heart is seen at v’, and above it is seen the edge of 

au’ 

Fig. 4 A dorsal view of the double heart of the lamb, with the roots of the 

main blood vessels. 

the right ventricle of that heart, v’”’; there is no external line of 

demarkation between them. 
‘The left ventricle of the left heart is seen at v; the right 

ventricle of this heart does not show in this view. 
The septa of the hearts are so abnormal that it is difficult to 

name the auricles as either right or left. On the extreme left 
is the left auricle, au, of the left heart; this is distinctly a left 

auricle since it opens into the corresponding left ventricle, and 

receives the’large pulmonary vein, pul, from the left side of the 

lungs, but it is connected by a small though distinct opening 
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with the auricle on its right; it is seen at au in the ventral view 

of the heart, figure 3. 

In the median region of the combined hearts is a large, indefi- 

nite chamber, au’, into which open not only the two right pul- 

monary veins, per and per’, but also the right and left precavae, 
ca’ and ca, and the postcava, cp. The ‘fusion auricle’ is seen 
also in the ventral view of the heart, ‘figure 3, aw’. It is only 

partially separated, internally, from another large auricle, aw”, 

which, in turn, is connected with the right ventricles of both 

hearts and with the left ventricle of the right heart. It is thus 

impossible to say whether these two auricles are right or left. 
The internal features will be described in more detail later. 
The veins entering the hearts will now be noted briefly. The 
left pulmonary vein, pul, is seen as a large opening in the left 
auricle of the left heart. The two right pulmonary veins enter 

the fusion auricle at pur and pvr’; the posterior one being the 
larger. 

Entering the fusion auricles, as above noted, is the single 

though partially divided trunk of the postcava, cp. A septum 

divides the trunk into two unequal parts which enter the fusion 
auricles at the same place. 

The left precava, ca, extends diagonally across the dorsal 

surface of the auricles and empties into the fusion auricles just 
anterior to the opening of the postcava. 

The right precava, ca’, which is larger than the left, is seen as 
a prominent longitudinal swelling extending along the median 

region of the combined hearts to open into the right side of the 
fused auricles. 

The arteries leaving the heart will need but little description in 
addition to what was given in connection with figure 3. 

In the ventral view, as noted above, the left aortic arch, aol, 

appears to form the dorsal aorta, with the right arch, aor, empty- 

ing into its anterior border. In the present figure the right 

arch seems to be continued as the dorsal aorta, dao, with the 

left arch, aol, emptying into its posterior border. 

From the right arch arises the large brachiocephalic artery, 
ir, and from the left arch the left artery of the same name, i. 
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From the aorta at the point of union of the two arches arises 

the left subclavian artery, si, and from the aorta, caudad to 

this point, arises the curious right subclavian, sr, that passes 

straight across the anterior region of the heart to the right side. 

The left pulmonary artery, pl, is seen emerging from the ven- 

tral side of the heart between the left precava, ca, and the left 

aortic arch, aol; it divides into approximately equal parts that 

lead, as said above, to the left lobes of the lungs. The right 
pulmonary artery, pr, emerges from between the left aortic arch 

aol, and the right precava, ca’; it divides into a small left and a 

larger right branch that lead to the middle and left lobes of 
the lungs. 

The small left ligamentum Botalli, dbl, and a larger ductus 

Botalli, dbr, are seen leading from the left and right pulmonary 

arteries to the corresponding aortic arches. 

Internal structure of the heart 

The cavities of the two hearts are so abnormally connected 

with each other that it is surprising that ‘Betty’ lived as long 

as she did. 

The right ventricle of the right heart, figure 5, »’’’, is not only 

connected with its pulmonary artery, pr, but has a fairly large 

opening, 0, into the left ventricle, v’, of that heart; it is not 

directly connected with an auricle. 

The left ventricle, v’, of the right heart besides the opening 

just mentioned, and its aortic outlet, opens by a wide apera- 

ture into the auricles au’, aw’’; this auricular-ventricular opening 

is guarded by a very well-developed set of mitral valves, mov. 

The right ventricle of the left heart, v’, besides its opening 

into its proper pulmonary artery, pl, is connected with the 

auricle au’ by a wide aperature with poorly developed tricuspid 

valves. 
The left ventricle, v, of the left heart has well developed 

semilunar valves at its opening into the left aortie arch, aol, and 
equally well developed mitral valves, mv’, between it and the 

auricle au. 
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It is in the auricles that the greatest abnormalities occur. 

The left auricle, au, of the left heart approaches more nearly 

the normal than any of the others. Its appendage is shown at 

au in figure 3. This auricle receives the left pulmonary vein, 

pel, and opens, as noted above, into its corresponding left ven- 

tricle, v. It has also a small opening or foramen ovale, o’, into 

the large auricle to the right, au’. 

The auricles au’ and au’ are so little separated from each 
other by a small fold of skin, x, that they form practically one 

lig. 5 A semidiagrammatic outline of the double heart as seen from the dor- 

sal side, to show, by means of arrows, the course of the blood through the various 

auricles and ventricles. 

large, irregular chamber that seems to represent three auricles. 

Into the half of this fused auricle to the left of the septum open 

the following vessels and chambers; the left precava, ca; the 

two right pulmonary veins, per, per’; the auricle au, through the 

foramen o'; the right ventricle, v’’, of the left heart; and the 

postcaval vein, cp. 

Into the half of the fused auricle to the right of the septum, 2, 

which half forms a broad band diagonally across the dorsal side 

of the hearts, opens the right precava, ca’. 

As has been said, the left ventricle, v’, of the right heart opens 

by a wide auricular-ventricular aperature into the common 
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chamber of the fused auricles, aw’, au’, below the edge of the 

septum x. The fused auricles open widely into the auricular 

appendage, aw’, seen on the ventral view of the heart, figure 3. 

The respiratory system 

The left and right larrynges, la, la’, figure 6, and tracheae, 
ta, ta’, have already been noted, and since they are distinct 

from each other, and show no unusual features, they need not 

be described. The trachea gradually converge towards the 

lungs, into which they enter by distinct but closely adjacent 

openings. 
The lungs are not so nearly double as are the two hearts 

above described. The right lung, as a whole, is larger than the 

left. 
The diaphragmatic lobes, /, differ but little from those of a 

normal sheep. The apical lobes, l’, are remarkable mainly for 

the long lobules that extend cephalad; that of the right side is 

the larger and is shown, in the figure, bent down and behind the 
rest of the lung; that of the left side, shown extending cephalad 

between the two tracheae, is the lobule that is shown at f on the 

ventral view of the heart, figure 3. 
The mediastinal and cardiac lobes are so broken up into 

lobules that it is difficult to differentiate them, but it seems 

likely that the lobes, /?, [*, represent the two cardiac lobes, 

while the three small lobes, /°, represent the mediastinal lobes 

divided into’ three lobules. 
In a dorsal or a lateral view the lungs have almost the normal 

appearance except for the cephalic prolongations of the apical 

lobes. 

The tracheae enter the lungs at the anterior margin, and are, 

at this point, about 1.5 em. apart. 
At the base of the right trachea the two branches of the right 

pulmonary artery, pr, enter the lungs. Of these two branches the 

right is the larger and is distributed mainly to the right lobes 

of the lung; the left and smaller branch goes mainly to the 

central lobes of the lungs. At the base of the left trachea the 
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two branches of the left pulmonary artery, pl, enter the lungs. 

Of these the left is slightly the larger; both of these branches are 

distributed to the left lobes of the lungs. 

Leaving the lungs from the region between the left and central 

lobes is the largest of the pulmonary veins, pul, which enters the 

left auricle of the left heart (fig. 5). About 0.5 em. to the right 

of this vein is another large vein, pur (lower line), which leaves 

the middle lobes of the lungs and enters the left auricle of the 

right heart (fig. 5). About 1 em. to the right of this vein, and 

somewhat cephalad to it, a somewhat smaller vein, per (upper 

line), leaves the left lobes of the lungs and enters the left auricle 

of the right heart (fig. 5). 

Leaving the small anterior lobe, I’, shown between the tracheae 

in figure 6, is a small vein, pel’, which enters the left auricle of 

the left heart along with the large vein, pel, described above. 
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The digestive organs 

The two heads being distinct the tongue and teeth are normal 

for each head; the salivary glands have already been described. 
The two esophagi are separate and normal until they arrive 

within about 3 cm. of the stomach, where they unite with each 

other and empty, by a single opening, into that organ. The 

stomach is single and apparently quite normal. The liver is 

also normal, as are the organs caudad to this region. 

The skeleton 

As noted above, the appendages had been removed before the 

animal was received, so that they could not be studied, but 
there is no reason to suppose that they were abnormal. The 

thorax is apparently normal, except, as noted above, for a 
possible unusual depth in a dorso-ventral direction. 

A dorsal view of the two skulls, and of the spinal column as 

far caudad as the second thoracie vertebra, is shown in figure 7. 

Except for a marked lateral twist in the right skull, and a 

slight twist in the left skull these two organs seem normal and 
need no further description. The twist in the right skull is so 

marked that the incisor teeth must have been almost useless. 
The thoracic vertebrae, fv?, and the posterior five cervicals, 

cv’, cv?, seem from this view to be normal, except that they are 

rather wider, laterally, than normal. 
The second cervical, az, bears no resemblance to the normal 

axis. In the dorsal view, figure 7, it exhibits two prominent 
ridges, separated by a deep groove; these ridges are fused in the 
median plane and project cephalad between the two atlases, at. 
This second vertebra articulates rather closely, in a more or less 

normal manner, with the third cervical, and presents a large, 

antero-laterally projecting process, ar, on each side, for articu- 
lation with one articular surface of each atlas. There is no sign 

of an odontoid process. 
The two atlases, at, are essentially alike and scem nearly nor- 

mal; that on the right side is slightly the larger. Two foramina 
are seen on each side of each atlas, the foramen transversarium, 
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ft, and the atlantal foramen, fa; the latter foramen on the mesial 

side of each atlas is a groove or notch in the anterior margin of 

the bone, rather than a distinct hole. 

A ventral view of the cervical and anterior thoracic regions 

of the vertebral column is shown in figure 8. In this view the 
unusual width of the cervical vertebrae is shown in contrast to 

Fig. 7 A dorsal view of the skulls and the anterior vertebrae of the lamb. 

the width of the thoracic vertebrae. The cervical vertebrae are 
also seen to be more or less closely and irregularly fused, so that 

it is very difficult to distinguish the boundaries of the individual 
vertebrae, especially of the last three. 

The axis, az, is seen in this view to consist of the two widely 
divergent articular processes, ar, which are not in contact with 

each other, and an irregularly rectangular bone, az’, lying in 
the median line and articulating with the median articular 

surfaces of the two atlases, af. This strange-looking bone is 
loosely attached to the articular processes, ar, but seems fairly 

closely united, in the anterior part of its mid-dorsal region, with — 
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the ventral side of the two median processes of the axis, de- 

scribed in connection with the dorsal view. It is in the region 
of the posterior process of this curious bone, figure 8, az’, that 
the single spinal cord divides to pass to each brain. In this view 
the two atlases appear quite normal; one foramen transversarium 

is not visible in this view; the other foramina are very prominent. 

Fig. 8 A ventral view of the same vertebrae shown in dorsal view in the pre- 

ceding figure. 

Owing to the fact, as noted above, that Mr. Reed requested 

that the skulls be returned to him it was not possible to study the 

nervous system. 
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The question of the origin of the vascular system can be 

solved by the method of studying the living blastoderm of the 

chick in hanging-drop preparations. 

By watching chicks of the second day of incubation in these 

preparations it is possible to see all the processes by which 
blood-vessels and later blood-cells form. These observations 
can be made best on the area pellucida. Blood-vessels begin 
by the differentiation from mesoderm of a new type of cells, 

angioblasts or vaso-formative cells. They differ from mesoderm 

in having a much more granular cytoplasm and in being more 

refractile. They differ also in their behavior and in their poten- 

tialities. When a cell of the mesoderm divides, the daughter 

cells separate at least enough so that they can be recognized as 

distinct cells but angioblasts give daughter cells that remain to- 
gether to form dense syncytial masses. These small masses soon 
join similar masses by means of tiny processes of cytoplasm put 

out from them exactly like the sprouts by which blood-vessels are 
known to grow. In this way angioblasts form a plexus of dense 

masses of cells in sharp contrast to the more delicate plexus of 
mesoderm which represents the early stages of the development 
of the coelom. The plexus of angioblasts increases both by the 

division and the growth of its cells and by the constant addition 

of new angioblasts which differentiate from the mesoderm. 
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Within the plexus of angioblasts, vacuoles appear which rep- 
resent a liquefaction of the central part of the cytoplasm to form 

blood-plasma. The vacuoles begin against the nuclei and may 

occur anywhere in the mass but are especially frequent under 

the edges. The vacuoles just under the margins leave the cells 

along the border of the mass to become an endothelial lining of 

a cavity. The complete liquefaction of the central part of the 
mass into plasma takes from one to two hours and can be seen 
with great clearness in the living chick. The endothelial cells 
on the border of these cavities become less granular than the 
original angioblasts. Since the fluid is formed from the lique- 
fying of the center there is no sign of distention of the cavities 
and no flattening of the cells along the border. There is a 

destruction both of the cytoplasm and of the nuclei of the mass 

to form the plasma. 

This process of the liquefaction of the central part of the mass 
of angioblasts to form vessels takes place not only within the 
plexus but in masses of angioblasts which are still isolated and 
in this way small vesicles are formed which then join the main 
plexus by processes of cytoplasm. I have seen such a tiny 

vesicle form from a single angioblast proving that the lumen of a 

blood-vessel is intracellular. 
There are two processes from which the formation of blood- 

vessels must be sharply distinguished in watching these living 
specimens. The first is the formation of the coelom. The 
mesoderm of the chick is originally a continuous sheet of cells 

as is shown in Lilly’s figure 40, A and B, on page 79! and in 
Duval’s figures 184 to 188 on plate 12.2 As the chick grows 

larger this double sheet of cells forms a plexus with wide inter- 

spaces in the network where the mesoderm is entirely lacking 

leaving nothing but ectoderm and endoderm. The coelom 
now begins as clefts full of fluid within the solid bands, often 

at the nodes of the network of mesoderm. These spaces sepa- 

rate and, as it were, split the two layers of the mesoderm apart 

‘Lilly, F. R. 1908 The development of the chick. Henry Holt and Com- 

pany, New York. 
?Duval, M. 1889 Atlas d’Embryologie. G. Masson, Paris. 
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and gradually flow together to make the cavity of the coelom. 

The mesoderm on the borders of these spaces gradually flattens 

into a mesothelium. The process involves but little destruc- 

tion of tissue. At the stage of about six or seven somites a 

living specimen thus shows a double plexus over the area pelluc- 

ida, a dorsal plexus which is the developing coelom with large 
interspaces in the net and many tiny cavities representing the 

exo-coelom; and a ventral, more massive plexus of angioblasts 

with much more granular and more refractile cytoplasm than 

the mesoderm. The granules of the angioblasts are strongly 

basophilic and stain intensely with haematoxylin and with azur. 
The second structure from which developing vessels must be 

distinguished I shall call endodermal blebs or blisters. They 

are collections of fluid beneath the endoderm, that is between 

endoderm and mesoderm, which are very frequent in the normal 
chick. They can be seen in any collection of mounted blasto- 
derms. In the living chick they vary in appearance according 

to their size and shape. Their margins simulate endothelium 

to a marked degree. If they are distended and hence round, 
their margins will be thin, sharp and highly refractile; if they 

are flatter their walls will be still refractile but thicker. Often 
their nuclei seem to project into a cavity exactly like those of 

endothelial cells. They may be numerous, small and isolated 

or large and multiple reminding one of multilocular cysts. As 
can be readily imagined from their structure they may change 

in shape rapidly, far more rapidly than true vessels change. 
They can be analyzed with the focusing screw both by following 

their margins over onto the endoderm and by noting their very 

superficial position. They occur under the ectoderm as well as 

under the endoderm but I think less frequently. No one can 
follow the development of blood-vessels in the living chick 
without becoming thoroughly familiar with the appearances 
of these blisters. They have nothing to do with blood-vessels 

occurring both before the blood-vessels begin and afterward. 

They are however important physiological structures repre- 
senting the method by which fluid is absorbed through the 

endoderm and ectoderm for the young chick. 
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Red blood-corpuscles can be seen to grow from the endothelial 
lining of blood-vessels. They may develop from little masses 
of the original angioblasts which become partially separated by 

the liquefaction of cytoplasm around them. Such a mass of 
eells becomes a blood-island by having haemoglobin develop 
within the cells. The color of haemoglobin can be detected in 

the living cells earlier than I have been able to fix and stain it. 

Again an endothelial cell of a blood-vessel will divide so that 

one daughter cell projects into the lumen. This cell becomes 

filled with basophilic granules and develops haemoglobin. It 

is then a unicellular blood-island. It divides and the mass is 
increased also by the addition of other cells which differentiate 

from the endothelium in the neighborhood and creep along the 
wall to join the first cell. These cells soon form a yellow syn- 

cytial mass projecting into the lumen of the vessel. At this 
stage the islands have a smooth, sharp contour. As they de- 
velop, cells begin to round up on their surface until the whole 

mass comes to look like a mulberry and then the red cells break 
free from the mass and float away in the blood-plasma. 

These blood-islands I have seen develop in all the vessels of the 

area vasculosa, in the omphalo-mesenterie vein and arteries 

and in the dorsal aorta. In the area pellucida they are most 

abundant in the plexus of vessels just posterior to the area in 
which the omphalo-mesenteric arteries develop. In this: area 

almost any chick of fourteen somites will show a plexus of angio- 
blasts full of vacuoles and one of seventeen somites will show 

blood-islands. The circulation does not interfere with the de- 
velopment of the islands. If they clog the lumen the free 

corpuscles either lodge behind them for a time or pass on through 
other channels in the plexus. 

One of the most interesting points about the masses of angio- 
blasts and of the islands is that all of the cells in them divide 

at about the same time. Moreover all of the separate islands 

of a given area seem to divide at once. In these total prepara- 
tions, all one can see of the process of mitosis is the nucleus in 
the stage of the metaphase and the actual division of the cyto- 

plasm. When the syncytial mass is about to divide it becomes 
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intensely refractile and its cells become outlined; then one sees 

one nucleus after another pass into the metaphase and finally 

all of the cells appear to be half as large as the mature cells. 

The island then becomes large by the growth of all the cells to 

their original size. The blood-cells keep on dividing after they 

are free from the islands and after they have begun to circulate. 

These studies have been made with chicks which were grown 

in the mixture of Locke’s solution and chicken bouillon devel- 

oped by Margaret Reed Lewis for tissue-cultures.’ For the 
young blastoderms it is better to increase the amount of the 
sodium chloride in the solution to 1.06 per cent. A weaker 
solution lakes the haemoglobin and is also less favorable for all 

the other cells. 

From these studies which are here reported briefly, certain 

principles are established. Blood-vessels do not arise from the 
dilatation of tissue-spaces, but by the differentiation of angio- 

blasts. They cannot be spoken of as arising from spaces be- 

cause they develop within the bodies of these angioblasts; that 

is, they arise within cells, not between them. The processes 

by which they form are not in any way similar to the processes 

by which either the coelom or great systems of tissue-spaces 

like the cerebro-spinal spaces develop. The coelom forms by 

the splitting apart of two layers of mesoderm with little destruc- 

tion of tissue; the cerebro-spinal spaces form in a mass of typical 

mesenchyme with considerable destruction of tissue. Angio- 

blasts differentiate throughout the wall of the yolk sac and in 
the embryo as well. I have seen the dorsal aorta differentiate 

in situ in the living chick even to some extent that part within 

the head. Angioblasts produce blood-plasma, endothelium 
and red blood-cells. Angioblasts and later endothelial cells 

give rise to red blood-cells by developing haemoglobin. 
The term blood-island has been used since the time of the 

early embryologists, notably Wolff and Pander, for the masses 

of vaso-formative cells which can be seen in the area opaque of 
the chick even before the first somite. I propose however to 

‘Lewis, M. R. and W. H. 1911 The growth of embryonic chick tissues in 
artificial media, agar and bouillon. Johns Hopkins Hospital Bulletin, 22. 
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restrict the term blood-island to those masses of cells which can 
be shown to produce haemoglobin and to become free red 

blood-cells. These masses are attached to the wall and hence 
are not strictly speaking islands. The more primitive masses 
which do begin as isolated masses or islands of cells but must 
first produce endothelium and plasma, I shall call angioblasts. 
The red blood-cells develop after some plasma has been formed. 
All of the blood-cells of the chick of the second day of incuba- 
tion can be seen to have haemoglobin in the living chick and 
hence they cannot be considered as forerunners of white blood- 
cells. 
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SEVEN FIGURES 

Schickele (99) while studying the development, arrangement, 

and variation of the mammary glands in rats noticed that 

ordinarily macroscopic examinations do not reveal nipples in 

males. 
In his work on the recognition of sex through external charac- 

ters in the young rat, Jackson (’12) called attention to the fact 

that the mammary gland nipples become very conspicuous in 
female rats of about two weeks (post-natal life) while in male 

rats of the same age there is no external indication of nipples. 

The difference between the two sexes in this respect is so marked 
that he could readily distinguish the sexes at that age by the 

use of this single external character. 

Steinach (’12) made successful reciprocal transplantations 

of testes and ovaries in young male and female guinea pigs. The 

males in which the ovaries grew gradually assumed the appear- 

ance of females even to such an extent that some of them de- 
veloped functional mammary glands. The same experiments 

were applied to rats, and from these experiments Steinach 

reached the following conclusion: ‘‘Das Rattenmiinchen ist fir 
diesen Punkt des Untersuchen deshalb ungeeignet, weil bei ihm 

diese Anlagen nicht einmal rudimentir ausgeprigt, bzw. makro- 

skopisch nicht sichtbar sind.” 
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My studies (Myers, ’16), which were confined entirely to the 
mammary glands of the female albino rat, led later to a careful, 

macroscopic search for nipples in males of corresponding ages. 

No trace of nipples was found in any male individual. 
The above observations made by four different workers are 

somewhat contradictory to the usual view that the mammary 
glands of male animals are parallel in their development with 

those of females until the stage of puberty, at which time the 

glands of the male stop growing and later atrophy, while those 
of the female undergo a very rapid development. In view of 

such an apparent discrepancy the present work was undertaken. 

A brief abstract of the results has already been published 
(Myers, 717 a). 

MATERIAL AND TECHNIQUE 

The fetuses for this work were collected, fixed, sectioned and 

stained in the same manner as the female fetuses described in 
an earlier paper (Myers, ‘17 b). Cleared preparations were 
made according to the method described by Lane-Claypon and 

Starling (’06). 

In making macroscopic examinations it was very desirable to 

have the hair removed from the skin. At first a sharp razor was 

used to shave the abdominal wall. This method was later dis- 
carded, however, and the hair was removed from the entire body 

with sodium sulphide as suggested by Frank and Unger (711). 

Some of the litters used for this study were slightly under 

normal weight. Therefore in each case it became necessary to 

compare males and females of the same litter. In this manner 
it was possible to compare individuals of the same age and of 
approximately the same gross body weight. 

In all, 70 individuals were examined, making a total of ap- 

proximately 840 mammary glands. About one-half of the 
entire number of individuals were fetuses. The remaining 35 

were fairly evenly distributed among the described post-natal 

stages ranging from birth to ten weeks of age. 
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OBSERVATIONS 

Fifteen and sixteen days. At fifteen days and nine hours the 

sex glands of the fetuses are in the indifferent stage. In the 
fetuses of sixteen days and twelve hours the sex glands are so 

differentiated that with considerable difficulty the sexes can be 

distinguished. In the last mentioned stage there is no apparent 

difference between the developing mammary glands of the two 

sexes. Therefore the description of the mammary glands of 

both of the above stages given in a previous paper (Myers, 17 b) 
is applicable to either sex. 

Eighteen days. In male fetuses of eighteen days and nine 

hours fresh preparations show the epidermis over each develop- 

ing mammary gland to be somewhat lighter than the adjacent 

epidermis. The epidermis is in most cases elevated so as to 

form a slight eminence. In one instance, however, a very 

shallow mammary pit was observed over a single gland. 

In females of this age, it will be recalled, the area over the 

developing mammary gland appears lighter than the adjacent 

region, but instead of an eminence there is usually a distinct 

mammary pit present over the developing mammary gland. 

The stratum germinativum and basement membrane of the 

epidermis in the region surrounding the developing primary duct, 

become continuous with the duct and form the peripheral layer 
of cells and basement membrane of the duct respectively. The 
primary duct passes through the corium into the tela subcutanea, 

as was found to be the case in the female. At this stage the 

‘primary duct somewhat resembles a large developing hair (fig 1). 

At its free end is seen a considerable expansion which may give 

off one or two small buds. The mesenchyma forms a thick 

condensed layer around the duct. 
The primary duct of the female in size and general form is 

similar to the duct of the male; however, it does not show such 
a marked expansion at its free end. Its attached end also lies 

deeper from the surface of the epidermis, owing to the fact that 

it springs from the bottom of the developing mammary pit. 

The layer of condensed mesenchyma surrounding the primary 

duct is thinner than in the male. 
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Fig. 1 Drawn from a section through the left third thoracic developing 
mammary gland of a male albino rat fetus of eighteen days and nine hours. 
< 300. Zenker’s fixation; haematoxylin-eosin stain. Drawn with the aid of a 
camera lucida. Comparing this figure with figure 2 of an earlier paper (Myers, 

17 b) for the female, note the difference in appearance of the primary ducts 
(p.d.). The condensed mesenchyma (c.m.) immediately surrounding the pri- 
mary duct is thicker in the male sex. There is less indication of a developing 
mammary pit (m.p.) in the male gland. 
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Nineteen days. When studied with a dissecting microscope, 

most of the mammary glands of nineteen day and six hour fetuses 

are not visible on the surface of the integument. An occasional 
gland, however, is represented, as in the preceding stage, by an 

area of epidermis slightly lighter in appearance in fresh prepara- 

tions than the adjacent epidermis. 

The glands of the females of this stage are very conspicuous 

from the surface. In the female, the gland areas are very light 

in appearance and a well developed mammary pit is located in 

the center of each area. 
The primary duct (of the male) at this stage has lost its re- 

semblance to a developing hair. The attachment of the duct to 

the epidermis, however, is not unlike that of a developing hair. 

As the primary duct approaches the deep surface of the epider- 

mis, its basement membrane and peripheral layer of cells are 

seen to be continuous with the same structures of the skin. 

The attachment of the duct is, therefore, very near the surface. 

As in females of the same age, the primary duct passes into the 

tela subcutanea where it turns at right angles and courses paral- 
lel to the surface of the integument. Considerable variation is 

exhibited in the branching of the ducts. In some glands tertiary 
ducts are terminal while in others the primary duct is the ter- 

minal duct at this age. 
The lumina develop in the same manner as reported for the 

female (Myers, 17 b). In general it may be said, however, that 
the lumina of the male mammary ducts at this stage are appar- 
ently somewhat further developed than those of females. 

The stratum germinativum surrounding the attached end of the 
primary duct is somewhat thickened thus forming a slight ridge 

around the attachments of the duct. This ridge suggests the 
epithelial hood anlage, which is distinctly in evidence in females 

at this time. 
The developing connective tissue of the male gland corresponds 

in structure and arrangement with that of the female. 

Twenty days. At twenty days and six hours there is neither 
eminence nor mammary pit over the male mammary gland area 

in fresh specimens. The epidermis of the area is no longer 
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Fig. 2. Internal view of a wax model reconstructed from the left first inguinal 
gland of a male albino rat fetus of twenty days and six hours. X 50. When 

compared with figure 12 of a previous paper (Myers, ’17 b) note the absence of an 

epithelial ingrowth’ (ep.in.) and the presence of a short branch (s.) arising from 
the primary duct near its attached end in the male. The structures listed below 
are approximately the same in both sexes. e.b., end bud; p.d., primary duct; 
s.d., secondary duct; f.d., tertiary duct. 

Fig. 3 Drawing of a section through the left abdominal gland of a male 
newborn albino rat. 300. Zenker’s fixation; haematoxylin-eosin stain. 
Note the entire absence of nipple, mammary pit, and epithelial hood. Other 
parts similar to those of the female. c., irregularly arranged connective tissue 
cells; c.t., connective tissue forming sheath around duct; ep., epidermis; p.d., 
primary duct. 
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lighter than the adjacent epidermis. There is therefore no ex- 

ternal indication of a developing mammary gland in the male rat 

at this stage. As previously shown (Myers, °17 b), the glands 

in the female are now quite conspicuous. They are distinctly 
visible with the naked eye. In sections, the female gland shows 

a distinct mammary pit with the nipple anlage at the bottom of 

the pit. . 
The primary duct in the male near its attachment to the epi- 

dermis is often seen to give off a short solid branch (fig. 2), which 

was not observed on the female duct. In some instances there 

appear more divisions of the milk ducts than have been ob- 

served in females of the same age. The second inguinal gland 

has failed to develop as rapidly as the others. It therefore 

appears somewhat rudimentary. 
The lumina correspond to those described in the female, ex- 

cept that they are slightly larger in the male. 

Hair follicles are developing in the immediate neighborhood 

of the attachment of the primary duct. This is contrary to the 
condition in the female, where hair follicles were not observed 

at this stage in or close around the mammary pit. 
The epithelial hood anlages do not appear in the male at this 

age. 
Newborn. At birth, as in the twenty day stage, all external 

appearances of mammary glands are lacking in the male. At this 

time the glands of the female may be observed with the unaided 
eye in living and fresh specimens as light areas in the positions 

of the future nipples. 
Microscopic sections likewise do not reveal even the slightest 

trace of a nipple or an epithelial hood in the male at this time. 

In the female, however, the nipple almost fills the mammary 

pit and the epithelial hood is well formed. 
The primary duct attaches to the deep surface of the epider- 

mis, but does not reach the outer surface of the body. Leaving 

the epidermis, the duct passes deeply through the corium into 
the tela subctitanea where it turns at right angles, passes paral- 

lel to the surface of the skin and presents secondary ducts. 

Immediately beneath the corium the primary duct gives off a 
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short branch (as in the preceding stage) which courses parallel 

with the surface. No similar branch was observed in females. 

The duets at this stage, including representatives of secondary, 

tertiary, quaternary, etc., present the same general appearance 
and the same method of branching as those found in females. 

The second inguinal gland, however, is an exception as it is 

still very rudimentary. 

A continuous lumen is present in each system of ducts observed. 
The lumen of the primary duct, however, does not extend as 

far as the attached end of the duct. The short branch of the 

primary duct immediately subjacent to the corium likewise 

td. 
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Fig. 4 Drawn from a cleared preparation (internal view) of a male albino 

rat one week after birth (body weight 8 grams) to show distribution and relations 

of ducts of right abdominal gland (A); and right first inguinal gland (B). X 5. 
The second inguinal glands were absent in this specimen. Nipples and epithelial 
hoods are absent. Otherwise the glands of the two sexes are similar in their 

development. Compare this figure with figure 7 of an earlier paper (Myers, '16, 
p. 379). L., lymph node; p.d., primary duct; s.d., secondary duct; t.d., tertiary 
duct; tr.d., terminal duct; e.b., end bud; co., collateral duct. 

possesses a lumen. The lumina, like those of the female at this 
age, have not reached their definitive stage of development. 

One week. One week after birth the milk ducts of the glands 

in males apparently do not present many more branches than at 
the time of birth. The glands occupy the same positions as 

those of females and the branching has reached approximately 
the same stage (fig. 4). The only exception to this statement is 
found in the second inguinal gland. This gland has become so 

rudimentary that it sometimes fails to appear in cleared prepara- 
tions. When it is present it presents a very small number of 
branches. : 

Two weeks. At the end of the second week in each of the first 

thoracic glands in males its duct is seen to extend cephalad 
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from its attachment to the epidermis. No branches were ob- 

served to take a caudal direction, as is the case in the female. 

The ducts of the second and third thoracic glands take a more. 

lateral direction and are fully as well developed as those of 

females. In the abdominal and first inguinal glands a few lateral 

buds are seen on the main ducts. The ducts of corresponding 

glands of the females show a large number of such buds. The 
second inguinal gland when visible in cleared preparations pre- 

sents a primary duct which courses caudad. Its branches are 

very few. At the free ends of the ducts of all glands at this stage 

are found growing end buds, as were previously described in the 
female. 

Three and four weeks. At three weeks the glands show very 

little increase in development over the two weeks stage. The 

glands of four weeks’ male rats, however, show further develop- 

ment. Each of the first thoracic glands presents a larger num- 

ber of branching ducts, the majority of which are directed ce- 
phalad from the point of surface attachment. A few branches, 

however, take a caudal direction as was found to be the case in 

females in younger stages. The ducts of the second and third 

thoracic glands have sent out several collateral branches which in 

some individuals nearly obliterate the space between the ducts 

of these glands. The abdominal glands now present a large 

number of lateral buds which, as in females, are not so num- 

erous on the primary and secondary ducts as on the tertiary, 

quaternary and terminal ducts. In the male rat, the first 

inguinal gland of one side is occasionally lacking. Frequently 

the second inguinal glands are absent. Neither the first nor 

the second inguinal glands are absent in any female observed. 

It is not uncommon, however, to find the second or third tho- 

racic gland undeveloped in either sex. 
Five weeks. It will be recalled that at the fifth week the glands 

of the female were observed to develop very rapidly (Myers, 
(16). The ducts are much longer than in previous stages. Many 

new branches spring from the more distal ducts of the glands. 

The interval between the ducts of the second and third thoracic 

glands has largely disappeared on both sides, there being a 
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slight overlapping of the ducts. The ducts of the abdominal 
and first inguinal glands likewise overlap, thus obliterating the 

interval between these two glands. Furthermore some of the 
ducts of the second inguinal gland have grown cephalad, have 

met and overlapped the caudally directed ducts of the first 

inguinal. The ducts of the second inguinal gland branch very 

profusely. 

At this stage the mammary glands of the male have failed to 
keep pace with the rapid development of the glands of the fe- 

male. While in some individuals the ducts of the second and 

third thoracic glands are nearly in apposition, there still exists a 
definite interval in most cases. There are likewise very marked 
intervals between the abdominal and first inguinal and the first 

and second inguinal glands. The second inguinal gland shows no 

progress in development over the preceding stages. Not only are 

the milk ducts of the male shorter in length, but they are less 

numerous than those of the female. 

Siz, seven and eight weeks. At six, seven and eight weeks the 

differences between the male and female glands are becoming still 
more obvious. The most noticeable difference is the absence or 
very rudimentary condition of the second inguinal gland of the © 
male. A mere glance at any of the remaining glands will enable 
the observer to distinguish between male and female. The most 

prominent distinguishing character is the large number of col- 
lateral ducts that have grown from the chief milk ducts in the 
female. The collaterals have branched and each terminal branch 
presents a large end bud. In the males a much smaller number 
of collaterals appear. Thus the arborization of the male gland 
is much less dense. In no ease have the ducts of two adjacent 

glands in the male overlapped so as to form a continuous mass of 
gland tissue. : 

Nine and ten weeks. In an earlier study (Myers, ’16), it was 

shown that the mammary glands of female rats show a tre- 

mendous increase in growth and development about the ninth or 
tenth week. The overlapping of the ducts of the thoracic glands 
is so extensive that a continuous mass of gland tissue extends 

_ from the cephalic ends of the ducts of the first thoracic gland to 
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the caudal ends of the ducts of the third thoracic glands. No 

complete intervals exist between the glands. Furthermore ducts 

from each of the first thoracic glands have grown so near the 

mid-line that only a small space now separates them. A con- 

siderable space exists between the last thoracic and abdominal 
glands. - The ducts of the abdominal and first and second inguinal 
glands also overlap so as to form one continuous mass of gland 

tissue, extending from the most cephalic of the ducts of the 

abdominal gland to a point somewhat caudad to the genital 

orifice. Medial branches of the second inguinal gland, extending 
near the mid-line, nearly surround the vagina. 

A comparison of figure 5 with figure 13 of an earlier paper 

(Myers, ’16, p. 385) shows that in male rats of nine and ten 

weeks there is no progressive development of the mammary 

glands corresponding to that just described in females. In 

figure 5, the second inguinal gland is seen to present very few 

branches, thus offering a marked contrast with the same gland of 

the female. In most of the individuals examined, cleared prepa- 
rations failed to reveal the presence of the second inguinal gland. 

The first inguinal and abdominal glands are separated by a 

definite space, there being no overlapping. It should be men- 

tioned, however, that in one male of nine weeks the ducts of the 

first inguinal and abdominal glands were found to present a 

rather dense arborization. The ducts of the two glands in this 

case overlap to some extent. Even in this individual, which ap- 

parently represents an unusual variation, the glands are still 

distinctly less extensively developed than in the females of 

corresponding age. 
Microscopie sections reveal large lumina in the milk ducts 

of the male. As was found in females, the end buds now possess 
somewhat larger lumina than the ducts into which they open. 

The primary duct when traced toward the surface of the body is 

seen to pass from the tela subcutanea into the corium where it 

makes a very oblique angle with the surface. Before reaching 

the surface, however, the lumen is seen to end in the duet 

within the corium in all glands studied at this stage. In one 
case the primary duct ended in very close relation to the at- 
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tached end of a hair follicle. The lumen of the duct could not 

be traced into the hair follicle, but the relation of the duct to 

the hair follicle is strongly suggestive of that existing in lower 

forms of mammals. 

td 
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Fig. 5 Drawn from a cleared preparation (internal view) of a male albino rat 

nine weeks old (body weight 95 grams). XX 5. Compare this figure with figure 13 

of an earlier paper (Myers, ’16), p. 385), showing the much more extensive and 

complicated branching of the ducts in the female of corresponding age. A.., left 

abdominal gland; B., left first inguinal gland; C., rudimentary left second ingui- 

nal gland. The drawings do not represent the glands in their natural spatial 

position with reference to each other. 

It is interesting to note that in several of the postnatal stages 

studied it was possible to obtain a few individuals of approxi- 

mately the same age whose gross body weight was somewhat 

above or below the normal for that age. In general it may be 

said that in both sexes the mammary glands correspond somewhat 
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with the gross body weight of the animal, i.e., in those indi- 

viduals noticeably under weight the glands are somewhat smaller 

than in those of normal and above normal weight. When the 

body weight is far below normal the glands of the female do 
not show such a dense arborization at the age when puberty 

normally appears. Perhaps this is due to the fact that the 

arrival of puberty is slightly delayed. 

A few male rats between the ages of ten and sixteen weeks were 

examined. In all observations made the glands of the sixteen 

week rats were found somewhat better developed than in those 

of nine and ten weeks. Apparently considerable growth has 

taken place and new ducts have developed as the arborization of 

ducts appears more dense. 

DISCUSSION AND CONCLUSIONS 

The nipple 

In the fetus at eighteen days in the male albino rat the surface 

of the future nipple area appears somewhat lighter than the 
surrounding epidermis. It is very rare to find a developing 

mammary pit in the male at this time. In nineteen day male 

fetuses an occasional gland can be recognized from the surface, 

but with difficulty, while at twenty days there is no external indi- 
cation of the mammary glands in the male. About two weeks 

after birth, when the nipples of the female become so conspicuous 

owing to the lack of hair around the nipples (Jackson, 12) and 

to the very rapid growth of the nipple itself (Myers, ‘16), there 
is no trace of a nipple in the male. The hair develops quite 
uniformly over the entire abdominal and thoracic wall. From 

this stage through the ten weeks stage no nipples were observed 
in any of the male individuals studied (ef. figs. 6 and 7). Micro- 
scopic examinations of all stages likewise show the absence of 

nipples. 
The absence of nipples in the male rats is contrasted with their 

presence as observed by many workers in a large number of 

animal species, including man. While the nipples of men are 

rudimentary, they are absent only in anomalous cases. 
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It is a well known fact that rudimentary nipples also appear 

in the males of many of our domestic animals. According to 
Schickele, Eschricht (’49) found rudimentary nipples also in all 
males of the whale family. 

In the monotremes, Owen ('32) noticed that mammary glands 

are present in both sexes. Later, Bresslau (’08) and (’12 b) in 
monotremes observed mammary glands in males which agree in 

shape and size with those of females. While nipples have been 

Fig. 6 Drawing of the ventral view of a young adult female albino rat in 
lactation. Hair removed from ventral wall. This specimen shows the absence 
of the left third thoracic gland. This is one of ue most common variations in 
the number of nipples in the female. 

Fig. 7 Drawing of the ventral view of a young adult male albino rat. Hair 
removed from ventral wall, No traces of mammary gland nipples are present. 
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described in male marsupials by Laurent (’39) and Katz (’82), yet 

Leche (’97) and Bresslau (’12b) believe that nipples do not 
ordinarily appear in male marsupials of the Australian species. 

According to Schickele (’99), Rapp (’52) states that generally no 

trace of a nipple appears in the males of Edentata. 
Schickele (99) in studying the number, position, and arrange- 

ment into groups of the nipples in the mouse, found it neces- 

sary to exclude adult males since in them he was never able 

macroscopically to recognize even rudimentary nipples with abso- 

lute certainty. In his macoscopic observations on adult rats he 

likewise found in males no nipples, not even rudiments. In one 

young male rat, however, he found 12 nipple anlages arranged 

the same as in female mice. 

Our present knowledge therefore leads to the conclusion that 

in monotremes, the mammary glands of the two sexes reach 

about the same stage of development while in the higher forms 

of mammals the mammary glands of the male appear in a rudi- 
mentary condition. The existence of mammary glands in the 

males of some species of marsupials seems doubtful. In some 

forms (chiefly rodents) the nipples in the males have entirely 

disappeared. 

Milk ducts 

In the present investigation the primary milk duct of the male 

albino rat was observed in eighteen day fetuses to resemble some- 
what a large developing hair follicle. At nineteen days the duct 

has largely lost its resemblance to a hair follicle. It has grown in 

length, and in some glands presents secondary and tertiary ducts. 

The twenty day stage shows the ducts in approximately the same 

stage of development as in females of the same age. One dif- 

ference, however, is in the appearance of a branch from the pri- 

mary duct of males immediately beneath the corium. From birth 

to five weeks, the glands of the two sexes are about parallel in 
their development. At five weeks, the glands of the male begin 

to lag behind those of the female, the chief difference being that 

a smaller number of collateral branches appear on the ducts of 
the male. At nine weeks (about the time of puberty), the ducts 



220 J. A. MYERS 

of the female show a vast number of branches while those of 

the male are but slightly further developed than at five weeks. 

The marked contrast at nine weeks can be best appreciated by 
comparing figure 5 with figure 13 of an earlier paper (Myers, ’16). 

The resemblance of the early primary duct to a hair follicle 

may possibly have a phylogenetic significance. Bresslau (02) 

found in marsupials that in the regions of the future mammary 

glands large hair anlages develop. From one side of each anlage 

a sebaceous gland buds off, while from the other side a milk 

duct develops. As time goes on the free end of the hair anlage 
and the sebaceous gland atrophy, but the milk duct develops 
very rapidly and retains its opening into the attached end of 
the hair follicle. In squirrels (Sciurus vulgaris), Bresslau (’12 ¢) 

found that the mammary gland anlage in both sexes divides into 

a medial and a lateral part; from the lateral part the milk- 

ducts develop, while from the medial part a bristle-like tactile 
hair develops, which in adult animals far surpasses in length 
and thickness the other hairs of the body. 

Developing hairs and sebaceous glands closely related to the 
mammary gland anlage have also been described in man by 

Eggeling (05), Brouha (’05) and Lustig (716). 

My figure 7 somewhat resembles Bresslau’s figure 5 (Miinch- 
ener Med. Woch., Jahrg., 59, 8. 2794). In a later stage, it will 
be recalled, a branch was seen to spring from the side of the 

primary duct anlage near its attached end. It is possible that 
this branch may correspond with the sebaceous gland found in 
marsupials by Bresslau (’02) and in man by Lustig (see Lustig’s 

fig. 10). Therefore the mammary gland anlage of the male rat 
at the time when it appears similar to a hair anlage, is per- 

haps repeating the conditions found in lower forms. The de- 

veloping mammary gland of the female probably passes through 

a similar stage, but owing to the fact that it is much more highly 

specialized than the gland of the male it has more stages to 

pass through, and the earlier stages are doubtless passed over 

very rapidly. 
The fact that after the fifth week of postnatal life the glands 

of the female are a little better developed than those of the 
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male albino rat agrees with the findings of Kolliker (79). He 

states that in human from one to ten years after birth the milk 

ducts and end buds increase only a little, branching somewhat 

more richly in the female than in the male sex. Krause (’06) also 

states that there is no essential difference in the glands of the 

two sexes at birth; the differences belong to later periods of life. 

Broman (’11) states that in the human the glands of the male 

do not develop after birth. In the rat, however, my figures 4 

and 5 show that in the male there is considerable growth in the 

ducts after birth. This growth apparently merely keeps pace 
with the general body growth. 

The tremendous differences which appear between the glands 

of the two sexes of rats about the ninth week correspond to 

the differences which have been described as occurring in the 

mammary gland of many species at about the time of puberty. 

The extent to which the mammary gland of the male develops is 

somewhat variable. At nine weeks as shown above most of the 

male rats show a small amount of branching of the ducts while 

others of the same age present a fairly dense arborization of 

milk ducts. The male albino rats examined after puberty by 

me show that slight development continues after that time. 

While examining the mammary glands of many men, Cooper 

(40) found that there is considerable individual - variation. 

Ordinarily it is stated that the milk-ducts of males cease to 

develop after puberty and very soon pass through the stage of 
involution (MeMurrich, ’15, Jordan, ’16, and many others). 

Kolliker (’79) in men of twenty years, found mammary gland 

vesicles which were not found at about the time of puberty. 

Schenk also found end vesicles in the glands of men, but makes 
no mention of their age. It was not until about the thirtieth 

year that Kolliker found regressive metamorphosis beginning 
in the mammary glands of men. Furthermore, Merkel (99) 

and Kerr (’16) state that occasionally at the time of puberty 

some swelling and soreness are experienced in the mammary 
glands of men. Therefore it must be concluded that the mam- 

mary glands in the male may show some (although slight) 

growth after puberty. 
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In the deseriptive part of this paper it was shown that the 

number of mammary glands is more variable in the male than in 
the female rat. In the female rat it has been pointed out by 

Schickele (’99), Henneberg (00), Frank and Unger (’11) and 

Myers ('16) that an occasional supernumerary gland develops. 
The second or third thoracic glands may be lacking, but the 

others are always present in the female. The first and second 
inguinal glands as well as the second and third thoracic glands 

may be missing in the male. In all males examined the second 
inguinal gland when present is in a very rudimentary state. 

As previously shown (Henneberg, ’00, Myers, ’16) in the female 
rat the second inguinal gland of each side is located latero- 

cephalad to the urethral orifice. The ducts of this gland for the 
most part take a caudal direction from their epidermal attach- 

ment. Ultimately the branches extend caudad to the vagina 
for a considerable distance. In the male the second inguinal 

glands have approximately the same location. Caudal to the 

genital eminence, however, the integument becomes the outer 

wall of the scrotum. The skin of this region, being specialized 

so as to form a part of the scrotum, apparently forms a poor 

medium for the development and ramification of milk ducts. 
The fact that the ducts corresponding to several of the mam- 

mary glands are often absent, together with the fact that the 
nipples are very rarely developed indicate that the mammary 

glands may be gradually disappearing in the male rat. On the 
other hand, the ducts present in the male so closely resemble 

those of the female until the time of puberty that it is easy to 
believe that the male milk glands were at one time functional, 

and with the proper stimulus might again develop into functional 

glands. Steinach (’12) found that the mammary glands of male 
guinea-pigs sometimes become functional after a pair of ovaries 

have been transplanted beneath the skin. Owing to the absence 

of nipples, Steinach regarded the rat as unfit for such experiments. 
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Occurrence of mammary glands in both sexes 

Several theories have been advanced regarding the occurrence 

of the mammary gland in both sexes. Barkow (’29) pointed out 
that in forms lower than mammals the brooding may be done by 
either the male or the female, or the two sexes may share equally 

in this work. Ruge (’95), Gegenbaur ('98) and Wilder (’08) 

believe that the mammary glands first appeared in the female and 
were later transmitted to the male. On the contrary, Haacke 

(93) thinks the mammary glands were transmitted from the 

male to the female. ; 
A more logical view is supported by Paul (’84), Westling (’89), 

and Bresslau (’08, ’10, and ’12) who after carefully studying 

the mammary glands of lower mammals concluded that from its 

beginning the mammary gland was developed to the same extent 

in both sexes. The female gradually took the responsibility of 

nourishing the offspring and the mammary glands in the male 

became correspondingly nonfunctional. 
The present work on the albino rat lends support to this 

theory. In the earlier fetal stages the mammary glands appear 

the same in both sexes. As development progresses the glands 

of the male lag behind those of the female, and no nipple is 

formed. When the adult condition is reached, the glands of the 

male possess no nipple and the milk ducts are in a somewhat 

rudimentary and variable state. Such a condition, together 
with the relations found in lower forms, lead one to conclude 

that the mammary glands were in ancestral forms equally de- 
veloped in both sexes. The individual male rat in which 
Schickele (’99) found a complete set of nipples probably represents 
a reversion toward the earlier ancestral type in which the mam- 

mary glands of the two sexes were more nearly alike in structure. 

SUMMARY 

The results of the present study of the development of the 
mammary gland in the male rat may be summarized briefly as 

follows: 
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1. While the sex glands are in the indifferent embryonal 

stage, there is no apparent difference between the anlages of the 

mammary glands in the two sexes. 

2. In fetuses of eighteen days the mammary gland anlages of 

the male differ from those of the female in that they possess no 
mammary pit. In twenty day fetuses, when the nipple anlages 

are present in females, no trace of a nipple was observed in males. 
In fact, nipples apparently fail to develop in the male at all, 

including postnatal stages. Hair develops uniformly over the 

ventral surface of the body of the,male leaving no macroscopic 

indication of a mammary gland area. 

3. Like the nipple, the epithelial hood is also absent in male 

albino rats. 

4. The primary milk duct in eighteen day male fetuses re- 
sembles a hair anlage. At twenty days the branches appear ap- 

proximately as were found in females of the same age. Until 
about the fifth postnatal week the milk ducts of the two sexes 
are approximately parallel in their development. After the fifth 
week, the ducts of the female present more branches than those 

of the male. The difference is not very great, however, until 

the ninth week (age of puberty). Then the ducts of the female 

branch very profusely while the ducts of the male show but little 

change. 

5. In the male the lumina of the milk ducts develop in the 

same manner and at about the same time as in the female. 
6. The second inguinal gland of the male is very rudimentary 

and may be entirely lacking. This condition is evidently due to 
the development of the scrotum in the region which the second 

inguinal gland normally occupies. 

7. The number of mammary glands is more variable in the 
male than in the female. No supernumerary glands were ob- 

served in the male. The second and third thoracic and the first 

and second inguinal glands are sometimes absent in the male. 

Usually not more than one or two of these glands are absent 
in a single individual. The other mammary glands were present 

in all rats examined. 
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FIVE FIGURES 

This apparatus was originally designed for use in the preparation of 
a students’ loan collection of normal histologic specimens, in order to 
enable the technician to carry twenty to forty sections at one time, 
through the various steps of deparaffinization to clearing, without 
manipulating the individual slides. The great practical utility and 
efficiency of the device, however, were soon evident and the wide range 
of use to which it might be applied, seemed to warrant its description. 

It is clearly manifest that in the preparation of 8000 or more slides 
that anything would minimize the routine labor to the extent of 20 to 
30 per cent should have an important place as a labor-saving device. 
By using several baskets, many slides can be prepared in a short time, 
insuring uniformity in stain reaction, ete. 

The basket can be used most satisfactorily in the following work: 
1. In the preparation of students’ loan sets of normal histology, 

pathologic histology, botany, zodlogy and wherever many slides are 
to be made. 

2. In serial section work and in reconstruction of embryos, small 
organs, tumors and botanical or zodlogical specimens. 

3. In routine (hospital) pathologic histology, where a variety of 
tissue specimens obtained at necropsy is to be studied histologically. 

As the basket is adjustable and will hold any sized microscope slide, 
its use is extended over those types that are limited to one size. The 
slides today are not of uniform length, as formerly and adjustable 
feature has been very opportune in the present work. 

In the construction of the apparatus aluminum was selected and 
used throughout as most suitable from a standpoint of lightness, dura- 
bility and workable qualities. Aluminum is effected to a destructive 
degree by strong alkalies, acids and urates. These fortunately do not 
enter into the ordinary technie of histology or pathology. Strong 
iodine solutions corrode this metal slightly, but in the strength used 
for the removal of bichloride of mercury crystals, it does no harm in 
the time required for this process. The selection of this metal was the 
result of the experience of one of the authors who devised a ten to 
twenty slide basket of thin sheet aluminum which answers very well 
for serials, of a hundred or so, of 2 by 3 inch slides.' 

1Anat. Rec. vol. 3, no. 2, February, 1909. 
2°7 
~~! 
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Construction. Figure 1 shows the unassembled parts and illustrates 
the underlying principle of simplicity and ease of construction. The 
base and top plates (A and B) are 5} inches long, 1,5; inches wide and 
} inch thick. These are grooved to hold the slides. The grooves are 
y inch wide and { inch deep and a full inch long, leaving a ledge at the 
back to prevent the slides from slipping through. The pattern for 
these plates was prepared by making a plaster of paris cast of the side 
of an old pillsbury slide box, which had unusually wide and deep 

Fig. 1. Unassembled parts of the basket. 

grooves. Twenty of these grooves were utilized and sufficient additional 
length allowed for the support rods. 

The plates are drilled for and supported by four aluminum rods each 
4 inches long and } inch thick. These are threaded at both ends for 
about 1 inch and are provided with two aluminum nuts for each end. 
The nuts are made out of } inch sheet aluminum. The handle is 
made of the same size aluminum rod and passes through only the top 
plate. It extends about 3 inches above this plate, thereby making it 
convenient to grasp the handle and support the back of the top plate 
with the index finger while washing the sections with alcohol or water 
from wash bottles. The plates were cast at a foundry, but could, no 
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doubt, be readily stamped from sheet aluminum with a suitable steel 

die. 
The height of the basket over all is 6? inches, the weight is 165 

grams. The assembled apparatus is shown in figure 2 
One important consideration in the dimensions of the apparatus 

was the jar to be used. In order to have as little waste space as pos- 
sible and yet accommodate the handle so that the jar could be closed 

to prevent evaporation of the various solutions, a specimen jar was 
chosen. The inside dimensions are as follows: height, 7? inches; 

Fig. 2. Parts assembled and filled with slides. 

width, 53 inches; depth, 2} inches. The top edge of the jar and the 
glass cover are ground so that a close fit is insured. To the top three 
pieces of cork are cemented with asphaltum. The one at the middk 
of the exposed surface serves as a handle, while the other two (thinner 
are underneath and near the ends. The latter serve as stops and 
prevent the cover from slipping off accidentally. Asphaltum answers 
for all covers except that for the xylol jar. The xylol softens the 
asphaltum and causes it to run. Figure 3 shows a set of slides in a 

jar of alcohol before staining. Forty of these thin slides could readily 
have been placed, back to back in the basket, but only twenty wer 
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An aluminum wrench for tightening the ed n the illustration 

! iso shown in the illustration. This prevents burring pro- 
uced by a wrench of harder metal 

Nine of these jars constitute an ordinary set and are labelled (both 

xvlol, alcohol, iodine, alco- 

r, hematoxylin, eosin, picrofuchsin and alcohol. If other 

paraearmin or safranin are used, extra jars are required. 

Fig. 3. The ket in an appropriate jar and aluminum wrench for the nuts. 

The sections are placed in the basket and (1) transferred to the 
xvlol j ir for about five minutes to remove the paraffin, The basket 

is then removed, drained and washed with 95 per cent aleohol (by wash 
bottle) and placed (2) in the iodin jar for five minutes to remove the 
bichlorid of mereury crystals. The sections are again washed with 

alcohol and placed in (3) the first aleohol jar to remove the remainder 
of iodin 
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If the fixing agent contains no bichlorid of mercury, these two steps 
are unnecessary. The basket of slides is then placed in a bucket of 
water (to remove the alcohol) and then transferred for five minutes to 
(4) the hematoxylin jar. The hematoxylin is then washed off by plac- 
ing the basket in a bucket, or battery jar of water and then trans- 
ferred to (5) the jar of eosin (0.5 per cent for two minutes), or picro- 
fuchsin (one and one-half minutes). 

The slides are then washed in water as before and allowed to stand 
therein for several minutes. This is especially important after an 
aqueous eosin has been used, as the water seems to fix if in the tissues. 
If these are transferred to alcohol too soon, the eosin is very rapidly 
removed by the dehydrating alcohol. 

The basket of slides is next washed with alcohol (95 per cent) to 
remove as much of the water as possible and then transferred to a 
flat dish of aleohol to (6) dehydrate. The writer prefers to clear each 
slide individually and not the basketful at once. The use of a flat 
tray for dehydration enables the technician to pick out each slide 
without lifting the basket. The sections are taken out one at a time, 
cleaned, blotted and covered with (7) ereosote to clear. This is left 
on until all twenty have been so treated and then they are taken up in 
sequence, drained, blotted and (8) mounted in balsam. 

The alcohol used for dehydration and removal of iodin is saved, 
filtered through animal charcoal and used in the embalming mixture 
for the preservation of cadavers, so that there is very little wasted. 
The creosote is also saved and used a second time, as its use has noi 
been impaired. 

As the writers are at present in the preparation of a study in which 
the sections are at least 1 inch by 3 inch, another apparatus and sei 
of slides had to be devised to meet this special requirement. Figure 4 
shows the adaptability of the preceding apparatus in which the slides 
are 10 inches long and 2 inches wide. For a serial consisting of about 
3500 to 4000 sections, each one by 3 inch, it is out of the question to 
consider 2 by 3 inch slides. For this reason larger slides had to be 
considered and apparatus suitable thereto constructed. The prin- 
ciple of construction is the same, the support rods being cut to any 
desired length and threaded in the same manner as before. The slides 
were made from 8 by 10 inch and 10 by 12 inch and larger waste nega- 
tives from the Photographic and X-ray Department of the Jefferson 
Medical Hospital through the courtesy of Prof. Willis F. Manges. 
The emulsion was easily and thoroughly removed; the plates were then 
cut into the desired sizes and the edges filed.- The preparation of 200 
such slides required a comparatively short time. Cover glasses for 
these can readily be made in the same manner from thin 8 by 10 inch 
negatives as they suffice where general low power objectives are to 
be used. For higher power work photographie celluloid is being 
experimented with to test its applicability. 

Suitable reagent dishes for these large baskets can be obtained at 
the various instrument dealers as the glass trays handled by them are 
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straight-sided. Glass plates cut to the proper size and supplied with 
corks as in the preceding, serve very well for covers. 

Figure 5 shows three slides 2 by 10 inches. A, shows a plain side; 
B, shows the paraffin sections freshly mounted; C, shows a finished 
slide. These sections are through both ventricles of the heart of an 
idult cat. 

Fig. 4. Slide basket adapted to 10 inch slides. 

kh MK | 
PEGEGESEGEC ov | 

Vig. 5. Three 10 inch slides. A, plain; B, paraffin sections mounted; C, 
slide completed 
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SEVEN FIGURES 

That the growth of the bone is dependent, to some extent, at 

least, upon the amount of stress and strain exerted upon the bone, 

has been well established. It is strongly indicated by the re- 

markable mechanically adapted arrangement of the trabeculae 
and compacta, which shows most strikingly in the vertebrae 

and bones of the leg in man, and which has been analyzed chiefly 

by H. von Meyer, J. Wolf, and quite recently by R. Koch (717). 

It is proven by studies which have been made on bones in which, 

as a result of injury, new directions of lines of force have been 

introduced with a resultant formation of entirely new sets of 

bone trabeculae—studies which have been made especially by 

W. Roux and J. Wolff. This literature has been fully reviewed 

recently by R. Koch to whose article those particularly interested 

are referred. 
Undeniable as it is that mechanical factors exert some govern- 

ing influence over the growth of bone, there still remains open the 

question as to how far-reaching this control is. The extreme 
mechanical view is held by R. Thoma (’07), that all bone for- 

mation, even including the first bone formed in the embryo, 

takes place as a response of bone forming tissue to the action of 

stress and strain. He holds that growth in thickness, in human 

bones, begins when the stress and strain exceed a certain mini- 
mum, which he estimates roughly to be equivalent to a weight 
of 6.6 grams per square millimeter of cross-section, acting over 

twenty-four hours. If stress and strain become increasingly 

greater, new bone forms with increasing rapidity until a certain 

(undetermined) optimum is reached. Beyond this, new growth 
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become slower, until, after a certain (undetermined) maximum 

is passed, bone resorption takes place. Bone resorption also 

takes place, if the stress and strain fall below the minimum. 

The growth in length differs, according to Thoma, in that no 

diminution takes place, no matter how high or how low the amount 

of stress and strain. The minimum pressure, however, needed 

to stimulate growth in length, he places at the same point as 

for growth in thickness. One gains the impression that Thoma 

considers the regulation of bone formation by the mechanical 

effect of stress and strain to be absolute. 

There is, however, already much evidence against this extreme 

view. Thus Ollier (’67), in his classical transplantation experi- 

ments, found that periosteum, transplanted from the tibia to the 

comb of a rooster, forms a shell of bone—clearly without the 

action of stress or strain. Again, E. H Weber (cited in Herbst, 
01) found, in a new-born calf which had no spinal cord below 

the cervical region, and no muscle in the posterior half of the 

body, the skeletal parts well developed While they were only 

half as heavy as normal, and the joints were ankylosed, still 

they had differentiated and undergone a considerable amount of 
growth, while deprived of the stress and strain exerted by the 

normal intraembryonic movements It is, moreover, a mat- 

ter of common observation, that considerable growth takes place 
in a paralyzed arm, particularly in length, though it lags well 

behind the healthy arm, in thickness 
There seems, therefore, to be need for an experimental analy- 

sis, in order to determine whether growth of bone takes place 

in the absence of mechanical stress and strain, and, if so, how 

much, and to how great an extent it compares with the normal 

growth. 

A beginning was made by Pottorf ('16), working with pup- 

pies. He performed two experiments: in the first he diminished 

the stress and strain exerted on one of the fore-legs of a three 

weeks puppy, by holding the leg in a sling, so that no weight was 

borne by this leg. At the end of three weeks he found the 
bones of the two fore-legs to be about the same length, while the 

bone in the legs walked on were considerably thicker than in 

Ss 
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the other. In a second experiment, one leg was paralyzed by 

cutting the nerves of the brachial plexus, thereby eliminating, 

in addition to the stress and strain due to the weight of the 

body, that due to muscle pull. After twenty days it was found, 
again, that growth in length had been nearly the same in the 

bones of the two legs, while there was a very great difference in 

thickness—the bones in the unoperated leg being, in some 

places from two to four times as thick as those in the immobil- 

ized leg. Ossification had taken places in epiphyses on the oper- 

ated side, although the size of the epiphyses was slightly less 

than on the unoperated side. 

In the present study it was suggested by Dr Clark that the 

work started by Pottorf be carried to older stages. In order to 

obtain the maximum information from the minimum of experi- 

mental material it was decided to employ the X-ray. There 

would thus be obtained a series of records on the same animal, 

before operation, and at regular intervals afterward. While 

X-ray pictures give a somewhat confused record, as compared 

with studies of the bones themselves, and do not show the car- 

tilages, still, for comparative purposes, they give sufficiently 

accurate information as regards length, diameter, shape, size of 

epiphyses, union of epiphysis with diaphysis, and a fair indication 

of thickness. This method, moreover, has the advantage that 

the records of the different ages are all taken from the same 

animal. 
DESCRIPTION OF THE EXPERIMENT 

The method of operating was the same as that used by Pottorf. 

Two fox terrier puppies, about four weeks old, were used for the 

experiment. In both animals the operation performed consisted 

in cutting the main nerves of the brachial plexus on the right side, 
in order to produce paralysis of the muscles. In both cases the 

operation was carried through with very little hemorrhage 
the axillary artery and veins and their chief branches were un- 
disturbed. In one of the puppies a limited amount of movement 
was regained after a few weeks, showing that the operation 

had not been complete. This animal was, therefore, discarded. 

In the other, control was maintained over the pectoralis and 
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latissimus dorsi muscles, so that a certain amount of muscle pull 
was exerted on the upper part of the humerus. This served to 

hold the limb close to the body, and made the use of a sling 
unnecessary. All voluntary control over the muscles moving 

the bones of the elbow and carpal joints was lost, the contrac- 

ture of muscles produced a gradually increasing fixation of the 

elbow joint in a sharply flexed position. No weight was borne 
on the leg of the operated side. 

Healing by granulation took place within a few days after the 

operation, and the affected limb remained healthy throughout 
the experiment. Especial care was taken in feeding, and the 
weight, recorded weekly, is shown in table 1: 

TABLE 1 

DATE |WEIGHT Siete DATE WEIGHT: Pe 

} pounds | pounds pounds | pounds 

*November 11, 1916..... 3.0 JANUALY. “2005. jccesstaee 9.4] 0.4 

November 17, 1916..... 3.9 0.9 PANUALY Tale. corte gases 10.0) 0.6 

November 25, 1916.......| 5.0 | 1.1 ||*February 3.............{ 11.0] 1.0 
*December 1, 1916..... 6.5 | 0.5 Pebroaryl0i. esta. . e ible 0.1 

December 7, 1916.. 6.35 | 0 85 || February 17........ wont] 10 SU OSE 

December 15, 1916.......| 7.0 | 0.65 ||*February 24.............] 11.6] 019 
*December 21, 1916. 7.3 | 0.3 March Diced «| LCL oer 

December 29, 1916 8.0 | 0.7 March 10....:22.....-| TIS6H O10 

January 6, 1917... 8.5-°| 0.5 March Lie ..| 11,6 |=0-01 

*January 13, 1917... 9:0 | 0.5 |/*March  (24....42.:....) UISoeOee 

* Dates at which X ray plates were taken. 

The table shows that there was steady increase in weight, at an 

average rate of seven-tenths of a pound per week for the first 

twelve weeks. For the last seven weeks the increase dropped 
to an average of one-tenth of a pound per week. The general 

health, however, was execllent throughout, and measurements 

of the bones from the X-ray plates show that growth continued 

throughout the period of the experiment, including the last four 

weeks when the weight was practically stationary. 

X-ray pictures were taken just before the operation, at approxi- 
mately three week intervals throughout, and immediately after 

death. In order to obtain clear pictures light ether anesthesia 
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was produced. The animal was killed with chloroform, nineteen 
weeks after the operation. Immediately after death the bones 

of the two fore-legs were removed, cleaned, and various com- 

parative studies made on the fresh bones. The bones were 
split longitudinally in order to study the thickness, architecture, 

epiphyseal lines and arrangement of trabeculae. Later they 
were preserved in alcohol. Before splitting the humeri a cylin- 
drical section 1 em. high was taken from the center of the shaft 

of each bone to test for compressive strength. 

In taking up the results obtained, the data furnished by the 

X-ray records will be considered first, and later the data obtained 
from the study of the bones after death. 

In taking the X-ray plates, the attempt was made to have the 
limb as near the plate as possible, in order to have the minimum 

of distortion. A partially successful attempt was also made to 
have the bones in the same approximate position. While meas- 

urements made from the plates are not so accurate as measure- 

ments from bones, still the probability of error is not great 
enough to interfere with the main results, particularly as re- 

gards the length of humerus, ulna and radius and the diameter of 

the humerus. 

In figures 1 and 2 are given drawings, made from the X-ray 

plates, of the bones of the operated and unoperated side at various 

ages. A comparison of the two in the successively older stages 

shows, in many ways, a considerable uniformity. The shapes of 

the bones in the unused leg do not differ greatly from those of the 

bones in the used leg. In length, again, the difference is not 

great. In diameter and thickness of compacta, however, there 
is a marked difference. 

In order to find out the exact lengths, etc., various measurements 

were made. The more striking of these are reproduced in table 

2 and some of the results plotted in the form of curves, shown in 

figure 3. It must be remembered that the lengths do not in- 
clude the cartilages at the joint ends of the epiphysis, since these 
do not show in the plates. 

A study of the tables and chart shows that in length, growth of 
the bones in the operated side nearly kept pace with those in the 
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unoperated side for six weeks after the operation. This agrees 
with the results of Pottorf, who found very little difference in 
length on the two sides after twenty days. At nine weeks, 
however, the unused bones had lagged behind the used bones, 
and the difference increased slowly but steadily as long as the 

DEC.1 UNOP. /%: 7 
(LEG /ay 

Figs. land 2 Drawings, made from the X-ray plates, of humerus, radius and 
ulna from the two legs. November 11 shows the left leg just before operation. 
Pictures of March 28 were taken after death. Two-fifths natural size. 
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FEB. 24 UNOP. 

) 
4 

' 
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TABLE 2 

LENGTH OF LENOTH OF LENOTH OF DIAMETER OF 

HUMERUS IN CEN- ULNA IN CEN- RADIUS IN CEN- MUMERUS IN CEN- 

TIMETERS TIMETERS TIMETERS TIMETERS 

DATE 3 Sy Le 3 by Le z é do 3 Z . 2 
e | &%| se] # b8| # bg| # é 

es 2 o- e§ .-] e§ co é = a & a8 ae & = za" & es A 

November 11.....] 6.2 | 6.2 6.35] 6.35 5.2| 5.2 0.6 0.6 
December 1......| 7.3 | 7.35] 0.05} 8.55] 8.55 |0:0 | 7.0 | 7.0 10.0 [0.65 (0.70 0 05 

December 21.....| 8.2 | 8.3 | 0.10]10.0 }10.125|0.125) 8.1 | 8.15]0.05 |0 65 {0.75 10.10 

January 13....... 8.7 | 9.05] 0.35]/10.8 }11.1 [03 | 8.8] 9.2 | 0.4 [0 6250.80 |0.175 

February 3.......| 9.1] 9.5 | 0.4 [11.55]11.9 0.35 | 9.35) 9.85] 0.5 |0.55 |0.875)0...25 

February 24......] 9.3 | 9.8 | 0.5 |11.8 |12 3. 0.5 | 9.8 }10.3 | 0.5 |0 55 |0 925)0 375 

March 28........| 9.6 {10.15} 0.55]12.4 |12.95 |0.55 |10.25}10 8 | 0.55)0.55 |1.0 |0.45 

Measurements of 

cleaned bones..| 9.7 |10.15) 0.45/12.0 |12.7 {0.7 10.05/10 55| 0.5 10.55 {1.0 0.45 

Fig. 3 Chart showing graphically the actual lengths of the two humeri and 

ulnae, and the diameters of the two humeri. 
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experiment continued, until, at the last record, the bones in the 

used leg were about 5.5 mm. longer than the corresponding 

bones in the unused leg—an excess of approximately 5 per cent. 

It should be emphasized, however, that, to the end, growth 

in length continued in the unused bones. Separate measure- 

ments show that this growth in length took place both in the 

diaphyses and in the epiphyses. 

CHANGE IN DIAMETER 

The measurements of the diameters at the center of the shaft 

of the humerus are given in table 2. Measurements of the 

diameters of the radii and ulnae were somewhat unsatisfactory, 

because these bones are not cylindrical, and slight differences in 

position introduced errors. This was not true of the humeri, 

however, which are more nearly cylindrical in the middle third, 

and their diameters are represented in the lower curves in 

figure 3. The difference between the used and unused bones is 

very striking, and is noticeable even after three weeks. The 

measurements indicate that, in the unused humerus, there was 

first a slight increase (from 0.6 to 0.65 em.) and later a diminu- 

tion (to 0.55 em.) which remained unchanged for the last month 

and a half of the experiment, while the diameter of the used 

humerus increased steadily from 0.6 to 1 em. The unused 

radius and ulna also showed but slight increase in diameter, 

while in the corresponding bones in the healthy leg, the diameter 

nearly doubled. 

GROWTH IN THICKNESS OF COMPACTA 

Measurements of the thickness of the compacta, as shown in 

the X-ray plates, were the least satisfactory of all the measure- 

ments made. An appreciable difference (0.025 em.) between the 

two humeri, however, appeared at three weeks. At the end 

of the experiment the difference had increased to 0.1 em., the 

thickness of the two bones, at corresponding points, measuring 

0.15 em. and 0.25 em. respectively. The ulnae showed similar 

differences, while the radii (owing partly to difference in posi- 
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tion) showed a difference of only 0.025 em. at the end of the 
experiment—as shown in the X-ray plates. 

The differences in thickness found by Pottorf at the end of 

twenty days were much greater than in this study at the end of 

three weeks, for he found the thickness of the used humerus from 

two to four times as great as that of the unused, at corresponding 
points. 

GROWTH OF EPIPHYSES 

The X-ray plates show that the ossification of the epiphyses, 

and the union of epiphyses with diaphyses progress uniformly in 

the bones of the two legs, the only appreciable difference being 

that the epiphyses are larger and slightly different in shape on 

the active side. In the distal end of the humerus the line be- 
tween epiphysis and diaphysis is obliterated between February 
3 and February 24, in both legs. The proximal epiphysis of the 

ulna united with the diaphysis between February 24 and March 
28 in both legs. The remaining epiphyses of the humerus, ulna 
and radius were still ununited in both legs at the end of the 

experiment. 

The thickness of the epiphyseal cartilages was uniformly 

greater in the used than in the unused bones. 

STUDY OF THE BONES AFTER DEATH 

As already stated, as many studies as possible were made after 

the death of the animal on the fresh bones—they were cleaned, 
weighed, drawings and measurements were made, etc., they were 

split longitudinally, and blocks were taken from the humeri for 
testing the crushing force. They were then preserved in alco- 

hol, and further studies made of the architecture as shown in the 

split bones. 

The finding at the site of operation and of the muscles were 

as follows. The pectoralis, latissimus, serratus magnus and 

cephalo-humeral muscles were found to be healthy, and account 

for the fact that the shoulder was drawn close to the body. 
The other muscles of the leg were much atrophied. At the 

operation site there was a mass of scar tissue, into which ran 
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the large nerves from the proximal side, and from which on the 

distal side, remnants of nerves emerged. Portions of the nerves 

beyond the sear and the atrophied muscles were placed in formalin. 
In contrast to the healthy structures from the other limb, they 
remained floating, showing the presence in them of fat. 

In order to obtain an approximate idea of the size of the 

arteries, an injection of red-lead was made. This showed an 
abundant arterial supply. The subclavian arteries of the two 

sides were laid open and their circumferences measured. The 
artery of the operated side was found to have a circumference 
of 5mm., as compared with 6 mm. for the one on the unoperated 

side—making the diameters 1.6 and 1.9 respectively. Such a 
difference is to be expected, when the difference in activity and 
size of limb are considered. Clearly no objection can be raised 
on the score of lack of sufficient blood-supply to the bones of 

the operated side. 

The gross appearance of the two sets of bones is shown in the 

photographs of the fresh bones, reproduced in figures 4 and 5. 

As may be easily seen, there is no striking difference between 

the two sets, except in diameter, and general size. Similar pro- 

cesses and grooves are present in both sets, both show approxi- 

mately the same curves, the difference in length is not great, 

but the bones from the unused leg are much more delicate than 

those from the used leg. 

The measurements of the bones themselves, some of which are 

given in table 2, show, for lengths of bones and diameter of the 

humerus, slight differences from the measurements, made from 

the X-ray plates of March 28, which were taken after death, and 

therefore serve as a partial control to the X-ray measurements. 

In nearly all measurements, those from the X-ray are slightly 

higher (about 3 per cent) than those from the bones themselves. 

In the comparison between the bones of the two sides, however, 

the difference between the two sets of measurements is very 

little, the greatest divergence being in the lengths of the ulnae, 

the measurements of which show a difference of 0.7 em. as ef. 
with 0.55 em. in the X-ray measurements. The percentage 

amounts by which the unused bone has lagged behind the used 
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bone in length are, for humerus, ulna and radius: 4.4, 5.5 and 4.7 

per cent respectively. 
As indicated by the X-ray plates, the difference in diameter 

of the bones from the two sides is very great. The measurement 

of the humeri agree very closely with those made from the X-ray 

plates, and are given in table 2. The measurements of the 
diameters of the radii and ulnae, however, show that those 

from the X-ray records are not reliable, owing to the flattened 

shape of these two bones, which causes modifications according 

to slight differences in position. These bones are found to 
have the following greatest diameters, at the middle of the 

bone: 
om. cm. 

Ulna on operated side....... 0.45 On unoperated side.......... 0.95 
Radius on operated side..... 0.57 On unoperated side.......... 0.95 

TABLE 3 

DIAMETER 

THICKNESS OF COMPACTA OF MEDUL- 

LARY CANAL 

mm. mm. mm, mm, 

Hinuarie Wnoperated lope res: 2.5% eee 18 +2.5 =4.3 5.2 

. Operated Tew. 6 cscs 00- cae 13 +1.4 =2.7 2.8 

Ulna Unoperated leg.................. 2.5 + 1.25 = 3.75 1.0 

1 Qperatedileg22.. wl ems 2 Re 2.25 0.0 

J 95 75 = 9 Rashi Wnoperated leg: :..6.4....5. 0509-41 20 1.75 3.0 2.0 
CHET HUGE LOR calc 5 ge © pean 0.4 + 1.25 = 1.65 0.6 

Thus the radius and humerus on the unused side have diameters 
slightly greater than half—the ulna a diameter less than half— 
the diameters of the corresponding bones in the used leg. 

In order to study the thickness and the strength and arrange- 

ment of the trabeculae, the bones were split longitudinally 

through corresponding parts. In the radii and ulnae the cuts 
were made through the line of narrowest diameter. Measure- 

ments of thickness, taken at corresponding points at the middle 
of the bone, are, for the two thicknesses, shown in the cut 

surface. 
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Figs. 4and5 Photographs of the bones of the two legs after death. Approxi- 

mately natural size. 
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Thus the thicknesses of the bones on the operated side are 

found to be less than those on the unoperated side by 35, 40 

and 41.6 per cent for the humerus, ulna and radius respectively, 

while the size of the medullary canal shows a still greater differ- 

ence—being practically obliterated for a considerable portion 

of the unused ulna, and, in the unused radius, less than one-third 

as wide as in the used radius. 

The difference in thickness comes out conspicuously in the 

seapulae. The unused scapula is much more delicate than the 

used seapula, and, as shown in the photograph, has on the 
operated side an area in each of the supra- and infraspinatus 

fossae, which is covered only by a membrane, bone being entirely 

absent. 

The trabeculae, particularly in the humerus, show interesting 

differences (fig. 6). In the bones of the used leg they are decidedly 

larger and stronger than on the operated side. They show, at 

both the proximal and distal ends a definite arrangement— 

somewhat similar to that of the femur of man—for transmitting 

the body weight. Definite bars arch upward from the lateral 

and medial sides of the compacta toward the epiphyseal line, 
while in the epiphisis there are bars and sheets in the line of 

greatest pressure. In the unused bone there is a suggestion 

of a similar arrangement, but there are no sheets of bone, and 

the bars are very delicate, with relatively much larger spaces 

between. A similar difference is present in the distal extremities 

of the humeri, where the epiphyseal lines have disappeared. 

In the middle third of the shaft there are more trabeculae in the 

used than in the unused humerus. 

The study of the split bones corroborates that of the X-ray 

plates as regards the union of epiphyses with diaphyses—the 

epiphyseal line has disappeared in the distal ends of both humeri 

and in the proximal ends of the ulnae. The other epiphyseal 

vartilages are still present in both bones, and are thicker on 

the unoperated side. The joint cartilages are also thicker on 

this side. 
The gross differences in the bones of the two sides are shown in 

the comparative weights of the fresh bones, which are given in 

table 4: 
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Fig. 6 Drawings of the proximal and distal ends of the two humeri. The 
ictual length is somewhat greater than is shown. Enlarged approximately 1.6 

times 
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From this table it appears that the humerus, ulna, and radius 

from the operated side are 58.4, 66.5 and 54.6 per cent less 
respectively than the corresponding bones of the unoperated 
side. 

It was thought that interesting data might be obtained by 

testing the comparative amounts of force necessary to crush the 

bones from the two legs. Professor LaRue of the Engineering 

Department of the University of Missouri very kindly placed at 

my disposal one of the testing apparatuses of the department of 

engineering, and assisted in its operation. Following his sug- 

gestion, a block was taken from the shaft of each humerus, care 

being taken that the height was at least as great as the diame- 

ter, and that the two cut surfaces were ground parallel. In order 

to determine beforehand the total cross-sectional area, a draw- 

ing of the cut surface was made at an enlargement of 1 to 25, 

and the total area occupied by bone estimated by means of a 

planimeter. The bones had undergone partial drying (several 

hours) before testing. 

The results of the tests, and the estimations made from them 

are shown in table 5: 

TABLE 5 

UNOPERATED OPERATED 

Cross sectionul area of bone.............. 38.01 sq. mm. 14.78 sq. mm. 
MEDNEPUTISULOUISNS «te encima cote ook 1075.0 Ibs. 340.0 Ibs. 

Kilograms per square millimeter......... 12.82 10.43 
Pounds per square inch.................. 18,251.0 14,845.0 

The relative cross-sectional areas (fig. 7) of the two bones 

give a better idea of the relative amount of bone than the di- 

ameters given above, and they agree fairly closely with the dif- 

ferences shown by weighing. Thus the cross-sectional area of 

the compact bone of the unused humerus is 60 per cent less than 

the other, while its weight as shown above is 58.4 per cent less. 

Possibly the most surprising of all the findings of the present 

study was the amount of foree—340 pounds—necessary to crush 
the bone from the leg which, for four and one-half months, 

THE ANATOMICAL RECORD, VOL. 13, NO. 5 
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had been subjected to the action of a negligible amount of stress 

and strain. 

Most interesting is the comparison between the two bones, 

when the figures are reduced to inch-pounds, as shown in the 
table. While the amount required to crush the unused bones 
was 19 per cent less than for the used bone, it is surprising to 

find that the resisting strength of the unused bone is as high 

as 14,845 pounds per square inch. This is not far below the 

Fig. 7 Projections of the proximal surfaces of the cylindrical blocks taken 
from the two humeri for testing. They are placed so that, in each case, the top 
of the picture corresponds with the anterior (eephalad) surface of the bone. 

Enlarged 6.25 times. 3 

compressive strength of human bones which lies between 18,000 
and 24,000 pounds per square inch (Rauber, quoted by Koch, 
17, p. 282). 

DISCUSSION AND CONCLUSIONS 

The results brought out in this study allow certain definite 
conclusions to be drawn, while on other points they give data 

which are suggestive, but which need further testing. 

The answer to the question whether all bone growth is depend- 
ent upon the amount of stress and strain is definite and conclu- 

sive, and is in the negative. The growth in length of the bones 
deprived of the action upon them of all but a negligible amount 
of stress and strain, a growth of such an extent that the humerus 
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becomes 56 per cent longer, while the radius and ulna nearly 
double in length during four and a half months, does not admit 
of any question on this point. On the other hand, the answer 

to the question whether bone growth is entirely independent 
of the action of stress and strain is equally definite and is also 

in the negative. This is shown conclusively by the very much 

smaller diameter, thickness of compacta, size of trabeculae, and 

greatly reduced weight of bones largely deprived of the action of 

mechanical stress and strain. 
It is clear, then, that the growth of bone is regulated in part 

by the action of the mechanical factors of stress and strain, and 
in part by other factors. So far as shown by this experiment, 
which covers a period in a growing dog, between about four and 

twenty-three weeks after birth, the part of bone growth depen- 

. dent upon the action of mechanical stress and strain includes 

most, if not all, growth in diameter, that is, most of the forma- 

tion of bone by the apposition of new layers. This applies to 

the growth in thickness of the trabeculae, once they have been — 

laid down, as well as to that of the compacta. It is probable 
that a part of the growth in length is also dependent upon the 

amount of stress and strain. This appears to be increasingly im- 

portant as the animal grows older, for, while growth in length 

in the unused bones practically kept pace with that in the used 

bones, for six weeks after operation, thirteen weeks later the in- 

crease in length of the bones in the used leg had been 20 to 25 

per cent greater than that of the bones in the paralyzed leg. 

The part of bone growth not regulated by the action of the 
mechanical factors of stress and strain, so far as shown in this 

experiment, includes most of the growth in length, that is, the 

new bone which is formed at the ends of diaphyses, including 
extensions to the compacta and the trabeculae, as well as bone 

formed in epiphyses. The time at which the epiphyses unite 

with the diaphyses is also a factor which appears to be unin- 
fluenced by stress and strain, for the same epiphyses have 

united and the same remained united in the two legs, at the 

end of the experiment. 
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This experiment does not give a clear picture of the exact 

changes in thickness which occur in bones deprived of the action 

of stress and strain, because of the uncertainty of the X-ray pic- 
tures. The amount of apposition and resorption which takes 

place can not be estimated, and to determine this other experi- 
ments must be carried out. That some resorption takes place 

is shown clearly by the windows found in the scapula, in the 

supra- and infra-spinous fossae. It is planned to carry the ex- 

periment over still longer periods, and also to interrupt the ex- 

periment at various shorter intervals, in order that certain 

studies not possible from the X-ray plates may be made. 

I wish to acknowledge my indebtedness to Dr. E. R. Clark 

of the Anatomy Department of the University of Missouri for 

his kind advice and assistance in the development of this problem. 

I also desire to thank Mr. Harry A. LaRue, Instructor in Civil 
Engineering and Dr. H. C. Rentchler of the Physies depart- 
ment of this university for their aid in some of the technical 

work of this experiment, and Mr. G. T. Kline for assistance 
with the drawings. 
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IX. INTERSTITIAL CELLS IN THE REPRODUCTIVE ORGANS OF THE 

' CHICKEN! 

ALICE M. BORING AND RAYMOND PEARL 

SIX FIGURES 

I. INTRODUCTION 

Two papers in this series have already dealt with the intersti- 

tial cells in the reproductive organs of the chicken. (Boring, 

and Pearl and Boring, ’12). Further work has substantiated 

our former conclusions except that a few interstitial cells have 

been found in just hatched male chicks. We give these further 

facts here, together with a brief review of some of the literature 

on interstitial cells. These cells have been much under discus- 

sion, not only as to their origin and function, but even as to their 

very existence. They have been studied much more in mam- 

mals than in birds, but they have been recorded in some species 

of all classes of vertebrates. We are not concerned here with the 

question of their origin, but with that of their nature and 

distribution. 

The term interstitial cells is used by most writers to designate 

cells lying in the connective tissue of the gonad and functioning 

as gland cells to form some sort of an internal secretion. Some 

writers use the term indiscriminately for all the tissue that fills 

in between the germ cells. Limon and Bouin used the term 

interstitial gland for the combination of these gland cells in any 

one reproductive organ. The reason for so doing is that the cells 

are found filled with granules of fat and protein in the manner 
of gland cells. Many investigators have attributed to this in- 

ternal secretion the function of controlling the development of 

1 Papers from the Biological Laboratory of the Maine Agricultural Experiment 

Station, No. 114. 
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secondary sex characters. Limon, Bouin, Regaud, Cesa-Bianchi 
and Hanes are some of the names associated with this theory. 

Their evidence is based on observation, experiment and certain 

pathological cases where reproductive organs with degenerate 

germ cells and increased interstitial cells were coupled with 

sterility and normal sex behavior. Regaud records a decrease 
in the interstitial gland in isolated rabbits. Cesa-Bianchi re- 

cords a decrease of these cells in hibernating animals. Ancel 

and Bouin state that roentgenization of mammalian testes de- 

stroys only the germ cells and results in sterility, but does not 

effect the interstitial cells or the secondary sex characters. 

Weichelbaum describes a case of alcoholism in which the seminal 

tubes were degenerated, but the interstitial cells increased in 

number. Des Cilleuls. claims that the interstitial cells first 

make their appearance in the chick at thirty days after hatch- 
ing, and that this time coincides with the appearance of the sec- 

ondary sex characters. Regaud and Hanes both connect the 

time when these cells are most abundant and secreting most 

actively with the time of greatest sex activity and the develop- 
ment of the secondary sex characters. So various observational 

and experimental facts seem to substantiate this theory. 
However, there is a great body of facts which do not fit in 

with this theory at all, and there are many other theories pro- 

posed as to the functions of these cells. Pfliiger, van Beneden, 

Plato and Winiwarter, interpret the material with which these 
cells are packed as food material destined for the nutrition of the 

germ cells. Wallart finds them best developed from birth to 
puberty and suggests that they have a trophic effect on the cir- 

culation. Jardy credits them with a general trophic effect on 

the nutrition of all tissues. Winiwarter finds the interstitial 

cells in the human testis better developed in the foetus than in 

the mature individual, and even found them entirely degenerat- 

ing in an individual forty-one years of age. He speaks of their 
secretion as the expression of an overactivity of cells destined for 
nutrition. Marshall and Jolly suggest that an internal secretion 

is formed by ‘‘the follicular epithelial cells or the interstitial 
cells of the stroma,’ in the mammalian ovary and is the cause of. 
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heat. Pardi claims that the interstitial gland is necessary for 

the control of the growth of the embryo in conjunction with the 

corpus luteum, during the first half of the period of gestation, 

and entirely during the later part of gestation. He finds that 

the interstitial gland in the female increases in size at pu- 
berty and decreases in old age, and claims that this is connected 

with its influence on the nutrition of the embryo, rather than 

on the development of the secondary sex characters. Pearl and 

Surface describe interstitial cells in the normal cow ovary and 

in a cystic ovary of a cow which took on male secondary sex 

characters. In this case the interstitial secretmg mechanism 

was the same in both animals. Therefore the change in secondary 

sex characters could not reasonably be ascribed to a secretion 

from these cells. 

So much for the hypotheses about the functions of the inter- 

stitial cells. The facts about their very existence are even more 
at variance than the statements and theories of the above authors 

indicate. Fraenkel studied -the ovaries of 46 different mam- 
mals and found interstitial cells present in only 22 of these 

species. Schaefer continued this study, working on 50 ovaries, 

11 of which belonged to species already studied by Fraenkel. 

She also found great variation in the presence of the interstitial 

gland. It is not consistently present in any one order of mam- 

mals, being absent for instance, in 6 out of 11 Carnivora studied. 

Further, it is not consistently present even in one species, as 

Schaefer found an interstitial gland in 3 species where Fraenkel 
found none. Aimé reports it lacking in the sheep and pig. 

Busquet makes the general statement that the interstitial gland 
does not exist in the ovary of all species of mammals. Kings- 
bury studied the ovary of the cat, and reports great variation in 
the number of interstitial cells present at all different ages. He 
calls them ‘‘modified free lipoid-containing stroma cells.’’ He 
fails to find ‘‘any peculiar relation of the interstitial cells to 
either blood vessels or lymph vessels’ and concludes that the 
“interstitial cells possess no morphological individuality and 
hence do not deserve recognition as a distinct kind of cell.’’ 
Mazzetti has studied interstitial cells in the testes of many 
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kinds of vertebrates and finds such great variation in the quan- 
tity of them present that he concludes that they can have 

nothing to do with secondary sex characters. Kirkbride records 

a wide difference in quantity in human testes of the same age. 

These facts would seem to justify Fraenkel’s conclusion that ‘‘a 

gland existing for the specific purpose of forming a substance of 

very distinct value to the organism as a whole would be more 

constant in its presence and development.” 

So much for the general conflicting theories and facts about 

interstitial cells. These apply more particularly to mammals, 

but interstitial cells have been described in both male and 
female birds. Waldeyer first mentioned them in 1870. In 

hens, Ganfini describes them as found sparsely in the ovarian 

stroma, but abundantly in the theca interna of the follicles. He 
says they are characterized by granules, some of which stain 

with osmic and some with safranin or fuchsin. He figures two 

different kinds of interstitial cells, some packed with granules 
which stain easily, and some with protoplasm which appears 

clear and vacuolated. His drawings show only the nests of 

clear cells in the theca interna of the follicle. From the work of 
the present authors (cf. X and XI of these Studies) it would 

appear that these two kinds of cells have an entirely different 
function and fate. The clear cells are never loaded with acido- 
phile granules and are therefore not the glandular interstitial 

cells. Loisel describes interstitial cells in the connective tissue 
between the follicles of the ovary, containing fat granules which 

stain black with osmic. He thinks the ovaries are primarily 
glandular in function and have acquired their function of form- 
ing eggs secondarily. Sonnenbrodt figures nests of interstitial 

cells in the follicular theca of the hen’s ovary. These appear to 
have a vacuolated cytoplasm, there being no indication in the 
figures of stained granules. These resemble the clear cells de- 

scribed by Ganfini. In female hybrid birds Poll describes 
masses of epithelial interstitial tissue, which is glandular, while 
there is no trace of egg formation. Smith finds groups of inter- 

stitial cells in hybrid female pheasants, but no ova. No investi- 
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gator, in fact, seems to deny the presence of interstitial cells in 

the female bird. 

In male birds, however, there is a difference of opinion as to 

the presence of interstitial cells. Ceni records an interstitial 

gland in male ducks. In birds from which he removed the cere- 
bral hemispheres, the interstitial tissue increased coincidently 
with the decrease of the seminal tubules, but the secondary sex 
characters remained undeveloped. He does not state whether 

this hypertrophied interstitial tissue is connective tissue or gland 
cells. It is interesting to compare these results with those of 

Myers on white rats with the vas deferens ligated. He finds 

that the seminal tubules degenerate, while the interstitial tissue 

remains unaffected. He states that the interstitial tissue ap- 
parently increased in quantity, but this apparent increase was 

merely apparent, due to the degeneration and shrinkage of the 

tubules. Poll records one case of a male hybrid with a large 

interstitial gland. Loisel says that the cells of the testis show 

no glandular activity, in fact, even disappear during spermato- 

genesis. Mazzetti pictures a small group of interstitial cells 

in a triangular space between the seminal tubules of the chicken, 

but says they are rare even though this bird has very marked 

secondary sex characters. Des Cilleuls records them as being 

first found in the chicken at about thirty days after hatching, 

and claims that this time coincides with the time of the first 

appearance of secondary characters. It may be of interest to 

recall here that Barred Plymouth Rocks can be correctly sexed 
at hatching on the basis of external appearance only. Reeves 
studied chicken testes of three, five and a half, nine and eighteen 

months, and claims to find interstitial cells in all of them, but 

more at three and five and a half months than later. He tested 
them by staining the granules with Mallory’s connective tissue 

stain, iron haematoxylin and Sudan III. 

In a previous study, one of the present authors (A. M. B.) 
has claimed that no cells of a glandular nature could be found 
in the chicken testis. In view of these conflicting statements it 
has seemed worth while to take up this study again on both 

male and female birds. 
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Il, MATERIAL AND METHODS 

In the previous study of testes, material preserved in Gilson 
was stained with iron haematoxylin or Delafield’s and orange 

G, and some material put up in Flemming was cleared in chloro- 

form and mounted in chloroform balsam in order not to dissolve 
the fat blackened by the osmic. Other staining methods have 
been used this time. Several of the differential stains for se- 

cretion granules were tried out and finally two adopted which 
have been used by Whitehead, Benthin and other workers on 
the interstitial cells of mammals; Mann’s methyl blue and eosin ~ 
and Mallory’s connective tissue stain. Both of these give a 
striking differentiation. With Mann’s stain granule-laden cells 
stand out as reddish purple spots in the midst of a pale blue or 

lavendar background, while blood corpuscles take the red 

eosin color. With Mallory’s stain, the gland cells are purplish 
red, the corpuscles orange or bright red and the background 
is a bright blue. These stains react with granules of a protein 

nature, and the reaction is perfectly well defined. There is no 
possibility of missing secreting cells when these stains are used, 
if there are any in the material. Tests for granules of a fatty 

nature were not made at this time, as this had been tested in — 

the previous study of interstitial cells in the chicken testis and 
had given negative results. Whitehead finds the fat content 
in mammals much more variable than the protein, there being 

no fatty secretion at all in the pig. 
The ovaries used for this study were from four actively laying 

birds, one of which was a bantam and the other three Barred 
Plymouth Rock, one old Campine which had stopped laying some 

time previously, and several just hatched chicks and guineas. 
For most of these any small piece of the ovary was sectioned, 

but with one Barred Plymouth Rock the discharged follicles of 

various sizes were sectioned separately. 
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III. INTERSTITIAL CELLS OF THE OVARY 

The differential stain showed immediately that there is an 
abundance of glandular cells in all the mature ovaries. No 

such cells, however, were differentiated in the just-hatched 

chicks or guineas. These cells may be scattered through the 
stroma but occur chiefly near the periphery. They may occur a 

few near each other (fig. 1) or they may be packed so thickly 

in one place that they color the whole region red to a glance 

with a low magnification (fig. 2). In the sections of discharged 

follicles of different ages they show especially on the surface 
of the stalk of the follicle. There are no more of them on the 
old discharged follicles than on the recently discharged ones. 

In all these ovaries, the clear cells described by Ganfini were 

quite conspicuous, but they seemed to be an entirely distinct 

type of cell from the interstitial cells and were seldom found in 

the same location. The one place where they come in contact 

with each other was in the mass of cells filling up some of the 

old discharged follicles. 

A study of the cytology of the individual interstitial cells 
(fig. 3) shows them to be essentially the same as those described 

in the cow ovary by Pearl and Surface. There cannot be the 
slightest doubt of the homology of these cells in birds and 
mammals. They are roundish cells scattered individually 
through the connective tissue, that is, never arranged in nests 

together. The nucleus is small and stains intensely. The struc- 

ture of the cytoplasm is completely obscured by the mass of 

granules in the cells. These granules are fairly large in propor- 

tion to the size of the cell as shown in figure 3. The granules 
take any acid stain, eosin, orange G, or acid fuchsin, and stain 

black with iron haematoxylin. 

It is difficult to compare the ovaries as to the quantity of in- 

terstitial cells without sectioning the entire ovary of each bird, 

for they are more abundant in irregular regions of the surface. 

But in the old Campine which had stopped laying, there were 
more interstitial cells to be found in the more central parts of the 

ovary than in the younger birds, while there were as many on 
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Fig. 1 From periphery of ovary of laying hen. Glandular interstitial cells 

sparsely scattered. X 264. 

WU 
Fig. 2 From periphery of ovary of same laying hen as figure 1. Glandular 

interstitial cells packed close together. X 264. 
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the surface, so that it seems probable that the total quantity is 

greater in the old bird (fig. 4). This is in accord with the 

findings of Kasai in human material. The results of Harms, 

however, appear to indicate that it can by no means be a gen- 

eral rule that these interstitial cells are more abundant at 
higher ages. 

A 

Fig. 3 Interstitial cells from ovary in figure 2. X 950. 

IV. INTERSTITIAL CELLS OF THE TESTIS 

The same staining tests for gland cells were applied to the 

chicken testis. It will be recalled that 21 male birds had pre- 
viously been studied for interstitial cells. These were of vary- 
ing ages, just-hatched, six, eight, ten, and twelve months. 

More sections were made of some of this same material, and they 
were stained according to Mann’s and Mallory’s methods. 

Also preparations were made of a whole new series of birds from 

six to eighteen months old, and of a few more newly hatched 

chicks. This new series was prepared as part of an extensive in- 

vestigation which one of us (R. P.) has under way in which data 

regarding the testis in monthly phases of its cyclical changes for 

an entire year will be studied. The material comprised sections 
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of the testes of 43 birds. Three or four of these birds were 

killed every month, the youngest group at six months, and the 

oldest at eighteen months. This entire series was stained for 

gland cells and examined carefully, and none of the mature 

birds, either the new ones, or those used before, showed any 

secreting interstitial cells. However, in the testes of four 

Fig. 4 From periphery of ovary of old hen past laying. Interstitial cells 

numerous at periphery and into central stroma. X 264. 

newly-hatched chicks some granule-laden cells were found, 

staining reddish purple as in the ovary. These were perfectly 

easy to recognize although they were found in only a few re- 
gions of the testis. They were usually grouped, several near 

each other, but sometimes a single cell stood by itself. (fig 5). 
Studied under higher magnification, these cells appear a little 

larger and rounder than those in the ovary (ef. figs. 4 and 6). 
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They contain fewer granules and these granules vary in size. 

The nuclei closely resemble those of the connective tissue in 
which they lie embedded. This investigation, then, shows in- 

terstitial cells present in the newly hatched chicks studied, but 

not in any of 60 mature birds though they were of various 

ages. 

Fig. 5 From testis of just hatched chick. A few interstitial cells in connec- 
tive tissue between seminal tubules. 264. 

Fig. 6 Interstitial cells from testis in figure 5. > 950. 
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V. DISCUSSION 

There are several possible explanations for the conflicting re- 
sults of Mazzetti, des Cilleuls, Reeves, and the present authors. 

Interstitial cells are reported present and absent for male birds 
of practically every age. Des Cilleuls says they first appear 

at thirty days, while the only birds in which the present au- 
thors find them are just-hatched chicks. Reeves finds them 

at all ages, but most abundant at three and one-half and five 
months. Mazzetti reports them in mature birds, but says that 

they are rare. So they possibly may be present in male birds 

of any ages, but are much more frequenltly absent, and are, 

therefore, not a necessary component of the testis structure. 

However, it must be emphasized that the only way to be sure of 

interstitial cells is to use a differential stain, and then one can 

not fail to identify them. Neither Mazzetti nor des Cilleuls 
did this. It is very easy to be misled by small pieces of tubules 
being surrounded by connective tissue. We have observed 
several such places in our preparations, which resemble some 

of the illustrations of groups of interstitial cells. Reeves, how- 

ever, used Mallory’s and Mann’s stains. It is interesting that 
he found more such cells in young birds than in mature ones in 

view of the fact that we have found none in such a large series 

of mature birds. 

It appears to be definitely established that true interstitial 
cells are always present in the ovary. The situation appears 

to be very different than in the case of the testis, not only with 

reference to birds but to mammals also. 

A point which we would emphasize, on the basis of our studies 

of these cells in mammals as well as in birds, is that there ap- 

pears to be no doubt that the true interstitial cells are not 

merely homologous but indeed structurally (i. e., eytologically) 

identical in the male (when present) and the female. This 

view was expressed by Plato (’97) and we are in entire agree- 

ment with it. This point has an important bearing on the 

question of the influence of these cells in sex determination (ef. 
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Harms) and in the control of secondary characters. It will be 

fully discussed in a later paper in this series. 

We hope to study a series of testes from the time of hatching 

up to six months, in order to complete the series, and clear up 

these points of difference finally. The discrepancy between our 
results for mature birds and those of Reeves is absolute. We 
have no desire to question the accuracy of his observations, and 
on the other hand we are entirely sure of, and indeed are pre- 

pared to demonstrate, the absence of these characteristic in- 

terstitial cells in our material. For just hatched chicks we 

agree, interstitial cells are present in the testis. The next step 

is to find out when between hatching and six months, they 
disappear. This we hope to do later. 

For the present the essential point which we wish to empha- 

size, and which we believe that our results demonstrate, is 

that the characteristic, true interstitial cells are neither a neces- 

sary nor a constant element in the make-up of the testis in the 

male of the domestic fowl. They may be, and usually are, 

totally absent from the testes of males over six months of age 

and of full sexual normality, both in respect of primary and 

secondary characters. It suffices here to draw attention clearly 

to this fact, which emerges with great definiteness not alone 

from our own work, but also from a review of the literature of 

the subject. Later we expect to make constructive use of this 

evidence in connection with the problem of the causation and 

control of secondary sex characters. Without entering upon 

any discussion of the matter now it is evident that the facts 

regarding the occurrence and distribution of interstitial cells 

are such as to make it very difficult to suppose that they have 
any causal influence upon secondary sex characters. 

THK ANATOMICAL RECORD, vou. 13. No. 5 
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PHAGOCYTOSIS BY OSTEOCLASTS 

LESLIE B. AREY 

From the Anatomical Laboratory of the Northwestern University Medical School 

FOUR FIGURES 

The multinucleate giant cells associated with developing bone 

have usually been considered as the causative agents of bone 

resorption, and for this reason have been termed osteoclasts. 

There is, however, no direct evidence that these polykaryocytes 

so function. The writer (’17) has contended that they may be 

interpreted equally well as degenerating, fused osteoblasts. 
Evans and Schulemann (14) were able to show that various 

cells of the body are vitally ‘stained’ by certain benzidine dyes. 

Although anatomically distinct these cells hold in common this 

staining response, which involves a phagocytosis of the dye 

granules, differing in no essential respect from the ordinary 
ingestion of débris by such cells in the exercise of their customary 

scavenger activities. It has been suggested that cells responding 
in such a fashion to these dyes constitute a physiologically 

homogenous group and can be designated macrophages. 

Recently Shipley and Macklin (’16) have attempted the vital 

staining of osteoclasts. It was thought that since Goldmann 

(12) found the pathological giant cell of experimental tubercu- 

losis to react avidly to benzidine dyes, the anatomically similar 
osteoclast, with its alleged bone resorptive function, would pre- 

sumably ingest the dye also. Contrary to expectations the 

osteoclasts of young animals, vitally stained with trypan-blue, 

did not take up the dye at all. The conclusion is drawn that 
since the osteoclasts are non-trypanophilic they are likewise non- 

phagocytic, any office they may perform in bone destruction 

being through the pressure of their bodies or by the production 
of a dissolving secretion. Foreign inclusions in the cytoplasm 

' Contribution No, 50, May 30, 1917. 
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were not observed. The ordinary reticulo-endothelial cells of 

the marrow, on the contrary, did stain with the dye and are iden- 
tified as the elements which phagocytose the residuum of bone 

dissolution. 

It is important to keep sharply differentiated questions as to 

the alleged relation of osteoclasts to bone resorption from those 

concerning their phagocytic activity. The absence of coarse 

débris in the cytoplasm does not of itself imply that the osteo- 

clasts do not resorb bone; presumably bone destruction is essen- 

tially of a dissolving and digesting nature, the end products not 

improbably being rather finely divided particles.2. On the other 
hand, the presence of cytoplasmic inclusions does not indicate 

that the osteoclasts are actually responsible for the occurrence 
of the material ingested. 

In a former communication (’17) I have held that the osteo- 

clasts may be interpreted as syncitial masses derived from de- 

pleted osteoblasts whose staining reaction has become oxyphilic. 

In that study it became evident that the osteoclasts increase in 
size both by incorporating new osteoblasts with which they come 

in contact and by ingesting the bone cells laid bare by resorp- 

tive processes. Whether or not the first method of growth is 

one of phagocytosis, the second unquestionably is such. The 
bone cell, usually enveloped by an acid-resistant capsule, consti- 

tutes a foreign body of relatively large size, and all stages of its 

inclusion by the osteoclast may be found in favorable material. 

Figure 1 shows an elongated process of an osteoclast merely 

in contact with one side of a bone cell. The engulfment has pro- 

ceeded to such an extent in the stages depicted by the two 

photographs (figs. 2 and 3) that the encapsulated bone cells are 

half within and half without their respective osteoclasts; these 

reproductions illustrate but poorly the striking appearance of 

such preparations. Encapsulated, stellate cells are not in- 

frequently found in the cytoplasm of osteoclasts (fig. 4); these 

are interpreted as bone cells whose capsules are still resistant 

to cytoplasmic digestion. From the relative infrequency with 

? It is, nevertheless, possible to find eroded spicules apparently entirely free 

and completely enveloped by large osteoclasts. 
» 



PHAGOCYTOSIS BY OSTEOCLASTS 271 

which persistent capsules are seen it is probable that the enclosed 

cells are eventually liberated. 

It is apparent from the foregoing account that the osteoclasts 

exhibit all stages which we are accustomed to accept in micro- 

scopical preparations as evidential of phagocytic activity. For 

this reason the failure of cells to absorb such vital dyes as trypan- 

Xx 

Fig. 1 A first stage in the engulfment of a bone cell by an osteoclast. A 

process of the granular osteoclast is in contact with the bone cell x. X 785. 

Fig. 2. The encapsulated bone cell x is half ingested by an osteoclast which 

lies on a spicule of bone. Only a portion of the entire osteoclast appears in this 

section. Photograph. X 650. 

Fig. 3 A stage in osteoclastic phagocytosis similar to that of figure 2. The 

bone cell is half within and half without the osteoclast. Photograph. X 650 

Fig. 4 Two encapsulated, stellate cells lie within the cytoplasm of the 

osteoclast. These inclusions are interpreted as phagocytosed bone cells. X 785. 
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blue would seem not to warrant the denying to them of phago- 

cytic activity; here in the osteoclast is a type of cell which dem- 

onstrably engulfs large bodies yet fails to ingest the finer dye 

particles. Evans and Schulemann (’14) have likewise pointed 
out that none of the blood cells, even those that are notably 

phagocytic, take up the vital dyes; Downey (’17), on the con- 

trary, finds that such dye particles are phagocytosed by leu- 
cocytes under especially favorable conditions.* 

SUMMARY 

Irrespective of questions as to the causative agents of bone re- 

sorption it is demonstrable that the osteoclasts phagocytose 

bone cells laid bare by the resorptive processes. 

Hence the reported failure of osteoclasts and leucocytes to 

stain after ordinary treatment with vital dyes, such as trypan- 

blue, indicates that this negative reaction can not be relied 

upon to furnish final evidence concerning the absence of phago- 

cytic activity. 
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SEVEN FIGURES 

In 1895, a double pig was born dead on the farm of Craig 

Brothers, Oxford, Ohio, breeders of Poland China stock. The 

specimen was collected by Prof. A. L. Treadwell and left in 
the laboratory of Miami University. Except for opening the 

body cavities no work was done on the pig until in the fall 

of 1916. The appearance of the article on a monster pig by 

Carey in The Anatomical Record on February, 1917, renders a 

detailed description of our specimen unnecessary. We present, 

therefore, a brief outline only, describing the peculiarities of 

this double monster. 

Figures 1 and 2 are photographs of the animal from the dor- 

sal and the ventral sides. As in Carey’s specimen there has 
been a separation of the growing points of the embryo into two 

parts, probably two primitive streaks formed side by side, and 
then a fusion of the adjacent parts of these two growing points 

to form the monstrosity. 

According to Adami and McCrae, p. 68, in double monsters 

there is first of all a complete cleavage and then a secondary 

fusion of contiguous parts. This results in this case in the 

production of a mono-symmetrical janiceps with a_ perfect 

ventral face and a rudimentary dorsal face not recognizable as 
such. The fusion continues through the thoracic region but 

the bodies are separate above the abdomen and as nearly as 
we can tell from the specimen (which was opened in 1895) there 

are two umbilical cords. This, however, is not certain. The 

reception of two blood supplies from the mother is exceptional. 

27 
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The urinogenital organs are paired and normal in each body. 

The specimen is, of the male sex. In the pig described by Carey, 

the heads are fused side by side with one head turned to the 

left and one to the right. If the head of our specimen has been 

formed in the same way, there has been a much greater degree 
of regulation, the essential suppression of the face turned to the 

ABBREVIATIONS 

Ao.R., right aorta 

Ao.L., left aorta 

A.V.C., anterior vena cava 

Card., cardiac end of stomach 

Cart., cartilaginous bond between the 

two bodies in the region of the ante- 

rior end of thorax (so called dorsal 

side) 

Ce., cecum 

Cleft., division of anterior end of 

tongue 

L., left body 

Par., partition in roof of mouth 

from ‘dorsal’ to ‘ventral’ 

Pul.L., left pulmonary artery from 

left aorta 

Pul.R., right pulmonary artery from 

right aorta 

P.V.C., posterior vena cava 

Pyl., pyloric end of stomach 

R., right body 

Rud.F., rudimentary face 

Sp.C., spinal cord, left 
Vert., atlas and axis of right vertebral 

column 

a 
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right (dorsal) and the development of the external form of the 

head with reference to the face turned toward the left (ventral). 

ALIMENTARY SYSTEM 

Figure 3 is a diagram of the structures of the alimentary 

system. At the tip, the tongue is double, a cleft extending for a 

short distance back in the mid line. Further back behind the 

-RUD. F. 

tongue, there is a connective tissue partition which extends 

from the roof to the floor of the pharynx. The two spaces 

formed by this partition unite again, when the latter stops, 

into a small cavity which is continued back as the single esopha- 
geal lumen. 

The slender tube of the esophagus extends back to an open- 

ing on the posterior and dorsal side of the large stomach. This 

organ has a longitudinal constriction in its middle indicating its 

double origin. The intestine leaves the anterior ventral side 

of the stomach and turns posteriorly as a single slender coiled 

tube 42 inches in length. This connects with a transverse tube, 
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at each end of which is a cecum, the beginning of the two large 

intestines. The large intestine for the left body is 104 inches 

long and the one for the right smaller body is 9 inches in length. 

There is one spleen found in the body of the left pig. Possibly 

the fact that the liver mass in the right body is two to three 

times the volume of that in the left may have to do with the 

absence of symmetry in the spleen. This explanation will not 

hold, however, for the pancreas, which, though poorly pre- 

served is single. It lies by the duodenum and in the right body 

cavity. The liver is all connected dorsally but free ventrally 

and, as stated above, most of it is on the right side. 

BLOOD SYSTEM (FIG. 4) 

The heart is a fused structure with two large thin walled auricles 

and two large ventricles with equally thick walls. The auricle 

of the right side receives directly the single anterior vena cava 

from the head and anterior extremities. The auricle on the 

left side is connected with a dorsal sac, possibly a sinus venosus, 

which also has a passageway into the right auricle. All the 

blood from the posterior part of both bodies comes into this 

sinus through a vessel we have called the posterior vena cava. 

There is a passage way from each of the auricles into the ven- 

tricle of its own side. The ventricles are distinct with a thick 
partition between and each ventricle sends a large aorta to the 

body on the opposite side, these aortas crossing just anterior to 

the heart. The aorta from the left side supplies blood to the 

head while that from the right side sends no branches farther 

forward than the fore legs. Possibly this may explain the 

difference in the size of the two bodies. If approximately half 
the blood was pumped by each ventricle, the left body would 

have been better fed since none of its blood is sent to the head. 
The aorta to either side sends a branch artery to each fore 

leg of the body it supplies. These legs are at different levels 
(figs. 1, 2) and between the two branches of each aorta there is 

given off a small branch to the lung, a pulmonary artery (fig. 4, 

Pul.R, Pul.L). These pulmonary arteries pass to the lung 

complex which is fused dorsally and free ventrally. On the right 

side there are three lobes and on the left four lobes of the lung. 
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There is but-one trachea not two as in the specimen described 

by Carey. 

SKELETON (FIG. 5 

The skull is shaped much like that of a normal pig. On the 

dorsal side is a fontanelle covered with a mass of wrinkled skin 

representing the rudiment of a face and bound to the brain by 

connective tissue strands which are part of the dura mater 

tud F. Figs. 1, 2, 6, 7). There are two separate vertebral 

columns with three points of attachment to the skull, the cen- 

tral one being common to each column (fig. 6). There is a 

central bony mass between the two atlases and probably de- 

rived from them, which makes part of the middle articulation to 

the skull. The second and following vertebrae in each body 

are nearly like those in normal pigs. 
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There are thoracic ribs on the dorsal side some of which may 

connect to the cartilaginous mass (Cart, fig. 6) which connects 

the two bodies dorsally. It is possible that this is part of a 

sternum. At any rate, the ventral ribs and sternum are more 

nearly normal. 
NERVOUS SYSTEM (FIGS. 6, 7) 

The single cerebrum is slightly larger than that of a pig of the 

same size, having a ‘disturbed’ area in the region just below the 

dorsal rudimentary face. In dissecting off the skull cap shown 

in figure 7 no identifiable brain tissue was cut, simply connective 

tissue such as composes the dura. 

The cerebellum is normally placed and presents three lobes, 

one median and two lateral. The medullas are fused to each 

other and from each a normal spinal cord extends posteriorly. 

SUMMARY 

The dissection of this monster pig is presented because it 

differs in many respects from that described by Carey, in some 

points being more fused, in others being more distinct. 
1. The head is more nearly normal with but two ears, two eyes 

and two nostrils. 

2. The alimentary canal has a divided pharynx, a grooved 

stomach, a single pancreas and a single spleen. 

3. The trachea is single, connecting to a ventrally lobed lung 

mass. 
4. The heart is fused, with a single venous system. The 

arterial supply of the head is from one side of the heart only. 

5. The nervous system is fused to a much greater degree, 
there being complete separation in the spinal cords and fusion 

from the medullas anteriorly. 

We wish to thank Dr. A. L. Treadwell for the privilege of 

dissecting the pig, and Dr. J. A. Culler for making the skiagraph. 
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MEMBRANES OF THE RIGHT ILIAC REGION 

ROGERS K. OLIVER 

Anatomical Department, University of Colorado 

HISTORY 

There is no place in medical literature where more confusion 

exists than in the discussion of the membranes and other folds 
of peritoneum found in the abdominal cavity adjacent to the 

ascending colon and caecum. Embryologists offer only brief 

suggestions as to their origin, and anatomists, after describing 

various caecal bands, and mentioning the ascending meso-colon, 

are silent. The existence of other so-called membranes had 

long been recognized by Virchow, Jonnesco, Treves, and others. 

Professor Binney in 1905, under the name of pericolitis dextra, 

first described the structure which is now called Jackson’s 

Membrane. Three years later Jabez N. Jackson recognized 

it as a causative factor of pathological conditions, and wrote 

his initial article, Membranous Pericolitis, in which he ascribed 

this condition to a membrane which involved the ascending 

colon. 
Other investigators, notably Pilcher and Brand, have com- 

piled statistics and theorized in regard to its development and 

etiology. In 1912, Professor Flint of Yale, offered the first 

satisfactory theory of its development and it is now generally 

accepted as a fact that it is a true embryological remnant, which, 

due to pathological changes in its normal structure, may cause 

kinking of the ascending colon and angulation of the hepatic 

flexure. The late recognition of this membrane as a distinct 
anatomical entity is due to its superficial similiarity to the 

adhesions which are always present in acute and chronic in- 

flammations of the peritoneum, so that earlier writers attributed 

to it a purely inflammatory origin. 
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ANATOMICAL DESCRIPTION 

Jackson’s Membrane consists of a thin veil-like structure 

which originates from the postero-lateral abdomina wall, and 

in some instances from the lateral parietal wall. It is attached 

to the ventral surface of the ascending colon and caput coli, 

and rarely involves the caecum or appendix. It usually  re- 
sents the appearance of a transparent, highly vascular peritoneal 

fold. In older subjects it is thicker, more fibrous and avascular, 

and closely resembles an adhesion. Often its point of attach- 

ment is irregular and gaps are left between tendinous slips, 

thus forming digital fossae. In the majority of cases examined 

in the dissecting room, it seemed to originate a few centimeters 

above the iliac crest, and to continue for a variable distance 

along the body wall, finally merging on the inferior surface of 

the liver with the hepato-renal ligament. Radiating fibers 

extend both downwards and upwards from this wide origin and 

usually blend with the anterior longitudinal band of the colon. 

A free lower margin can be demonstrated in most cases, although 

sometimes it forms a sac in which the ascending colon is placed. 

It has been described as extending over to the transverse colon 

and binding it down so that the Jatter parallels the ascending 

colon, forming the so-called, ‘‘shot gun bowel.” Its blood vessels 

are unusually large, dilated and unbranched and parallel each 
other, accompanying glistening tendinous slips. The veins at 

their points of exit from the wall of the colon are often tortuous 

and engorged with blood. This characteristic vascular appear- 

ance is more marked in young subjects and implies from its 

arrangement a distinct blood supply. Dissection on the cadaver 

has substantiated this, and the origin of the vessels has been 

traced to the second lumbar, and more rarely the renal artery. 

PATHOLOGICAL DESCRIPTION 

Only one microscopic examination has been made so far of a 

colon to which a membrane of this character was attached. Dr. 

F. J. Hall, the pathologist of the Kansas City General Hospital, 

under the supervision of J. N. Jackson, made such a report in 
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which he stated that no evidences of inflammatory processes 

were noted in the colon and suggested that the presence of many 

endothelial-clefts in the membrane denoted probably a chronic 

lymphstasis. A similar section was studied in this laboratory. 

Very slight inflammatory processes were noted in the colon wall 
and in the membrane itself. The case, from which thespecimen 

was taken at autopsy, was one in which the patient had died 

from other causes, but with a history of chronic constipation. 

This condition was found to have been caused by a sharp con- 

striction at the junction of the descending colon with the sig- 

moid flexure, and it was evident that this would have been 

sufficient to cause the conditions already referred to. 

SIMILAR STRUCTURES 

From the above description it is seen why various right sided 

pericolic bands have been mistaken for the Jackson Veil. Broad 
membranous adhesions are the most frequent source of error 

and can be distinguished by their irregular distribution, non- 

vascularity, and by the unreadiness with which they can be 

stripped from the colon. Caecal folds and appendiceal ligaments 

have each their own characteristic origin. An ascending meso- 

colon which occurs in 26 per cent of all cases is distinguished by 

its point of attachment. Two additional important points 

should be noted in the identification of this membrane. First, 

invariably a large mobile, dilated caecum is associated with it. 

Second, it can always be demonstrated by dissection as a fold 

of tissue distinct from the parietal peritoneum. 
In relation to the caecum one more fold of peritoneum was 

noticed, a definite structure which was found in twenty out of 

twenty-four cadavers in the dissecting room. Its occurrence, 

in such a high percentage of cases, its regular origin and similarity 

of appearance makes it highly probable that this is another true 
anatomical structure. Review of works of anatomy yield no 

definite information, although other supra-caecal bands are 
described. Robinson, in 1902, stated that the caecum was 
fixed by the right phreno-colic ligament, to which this band 
bears a slight resemblance. It originates on the lateral wall of 



2S4 ROGERS K. OLIVER 

the abdomen at a point opposite the iliac crest about 5 to 10 em. 

above the anterior superior spine of the ilium and extends trans- 

versely over to the ventral surface of the caput coli. The width 
of its upper margin varies irom 1.5 to 3 em., and when it is made 

tense by traction on the colon it forms the lower boundary of a 

depression several centimeters deep. It is evident that when the 

bowel is dilated at or near the point of insertion, this ileo-colic 
band will form a definite dam across the right para-colic gutter, 

and this appears to be not an abnormal condition, for the caecum 

is freely mobile and dilated in 67 per cent of all cases. This may 

be a factor significant in relation to the drainage of this area. 

EMBRYOLOGY 

The interdependence of the various developmental processes 

plays a striking part in the formation of membranes of this 

nature. It seems probable that viscera, such as the liver, kid- 

ney, and ascending colon, aid in shaping the attachments and 

final position of the Jackson Veil. An element of the utmost 

importance is the body growth in later foetal life, which takes 

place principally in the region of the lumbar vertebrae. 

Flint has described the Jackson Veil as merely a more complete 

fusion of the visceral peritoneum with the dorsal parietal peri- 

toneum. These secondary attachments are drawn downwards 

by the descent and rotation of the caecum into a thin veil-like 

membrane. More rarely he attributes it to a lateral prolonga- 

tion of the great omentum. This developmental theory has 

not been fully substantiated in this aboratory by the dissection 

of a series of foetuses and one infant at term. It will bear still 

further elaboration. 
Let us first consider the so-called upward migration of the 

kidney and the descent of the caecum in relation to this mem- 

brane. Reviewing briefly the change in position of these strue- 

tures during intra-uterine life, we find that the kidney in the 

first half of foetal life lies opposite the first three lumbar vertebrae, 

while in the second half of the same period the cranial pole rises 

to the level of the eleventh rib and the caudal pole descends to 

the upper border of the fifth lumbar vertebra. This is merely 



MEMBRANES OF RIGHT ILIAC REGION 285 

a growth in length. After birth, in children of less than one 

year of age, in 50 per cent of cases the caudal pole is in the iliac 

fossa’and not until the child is over two year sof age does it rise 
above the iliac crest. Thts is purely a passive change which is 

due to a stronger growth of the posterior abdominal wall in the 

lumbar-region. 

After rotation the large intestine lies transversely along the 

greater curvature of the stomach with the caecum in the right 

side in front of the duodenum and closely applied to the caudal 

surjace of the right lobe of the liver and resting on the ventral 

surface of the right kidney. The descent of the caecum takes 

place after the third month, and in the fourth month the as- 
cending colon is formed; at the same timepfixation of the ascending 

colon begins and proceeds lateral-wards. The ilne of attach- 

ment is usually an oblique one which extends from the caudal 

end of the right kidney upwards from right to left. The caecum 

and ascending colon are originally completely invested with 

peritoneum. The ascending colon develops in the space made 

by the rapid growth of the body wall. The height of this area, 

being increased slightly by the decrease in size of the liver. 

The descent of the caecum is relatively a passive one. At the 

fourth month the transverse colon occupies an oblique position; 

the caecum (having undergone complete rotation) is to the right, 

in close approximation to the body wall. At this stage it lies 
on the ventral surface of the kidney, midway between its two 

poles. The lower pole of the kidney is still in the iliac fossa. 

The posterior surface of the caecum has already become firmly 
attached to the ventral surface of the kidney, but before this 

peritoneal blending occurs the fixation of the caecum is accom- 

plished by delicate secondary adhesions between the caput coli 

and the lateral body wall. At the fifth month the caecum lies 

on the caudal pole of the kidney. Later it descends only to a 

little lower level, so that the caput coli in the adult lies on the 

inferior pole of the kidney. The final position and shape of the 

caecum is determined by the rate of growth of its walls from a 
fixed point. The postero-lateral wall outstrips the medial one 

in growth. 



286 ROGERS K, OLIVER 

The ascending colon is already completely formed but has not 

yet assumed its final position because of the size of the liver. 

Its upper three-fourths is unfixed and freely mobile. Extending 

from its ventral surface to the lateral body wall are secondary 
veil-like adhesions, closely simulating in their distribution the 
Jackson Membrane of the adult. It is probable that these 

adhesions subserve the important function of shaping the final 

position of the ascending colon, as later, due to the rapid growth 

of the body wall they will tend to pull the gut lateral-wards and 

upwards, so it assumes the final vertical position seen in the adult. 

The Jackson Veil is therefore derived from delicate secondary 
adhesions between the visceral and parietal peritoneum. A 

series of four foetuses and one infant at term were carefully 
studied and the above conclusions were drawn from this data. 

The developmental theory evolved presents some totally new 

viewpoints in regard to embryology of the caecum and ascending 

colon in their relation to the adjoining viscera, and before com- 

plete acceptance they should be substantiated by other workers. 

I is shown that the early fixation of the caecum and the more 

rapid growth of the posterior wall of the lumbar regions are the 

main actors involved in the formation of this membrane. The 

rotation and descent of the caecum are of only secondary im- 

portance This theory explains why the Jackson Veil possesses 

its peculiar vascularity and its common origin and attachment. 

This membrane does not attain its full development until the 

third year of the child’s life or at even a later period when 

sufficient room is made between the twelfth rib and iliac crest 

for the reception of the k'dney. At this period development of 
the vertebra centra causes the kidney to be pushed outward 

and with it necessarily the colon, so that a relaxation of any 

tension of this structure on the colon is accomplished. 

Several facts suggest that an ascending infection may often 

be transmitted from the lumen of the bowel to the kidney and 

other viscera. In the first place, microscopic examination hints 

at a lymphatic stasis; in the second place, there is a lack of 

free drainage of the right paracolic gutter; in the third place, 

there is an intimate relation between the blood supply of the 
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membrane and that of the kidney; and in the fourth place, it 

is known that a large percentage of pus infections of the kidney 

are due to the colon bacillus, and that the right kidney is more 
liable to infection than the left. 

The occurrence of the Jackson Veil in sixteen out of twenty- 

four bodies suggests that it should be looked for in a higher 

percen age of cases in which there are vague abdominal symp- 

toms that are not relieved by ordinary operative procedures. 

SUMMARY 

1. The Jackson Veil occurs normally in about 60 to 75 per- 
cent of all cases. 

2. It is a definite anatomical structure with a regular dis- 
tribution and characteristic vascularity. 

3. An adequate explanation of its origin and development can 

be shown by the study of the foetus. 
4. Ileo-colie bands of the the character described in this article 

are an important factor in peritoneal absorption and draining. 
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DETAILED STUDY OF A MONSTER WITH CRANIO- 
RACHISCHISIS AND OTHER ANOMALIES 

CARBON GILLASPIE AND HOWARD HULL HEUSTON 

Department of Anatomy, University of Colorado 

SIX FIGURES 

The subject of this report was a foetal monster of some eight 

months which was brought into the clinic of the Colorado Uni- 

versity School of Medicine last December. It presented quite 

the usual appearance of the anencephalic monsters but it was 

thought that a detailed study of its general anatomy might prove 

of interest. The results of this study are embodied in the fol- 
lowing description. 

The general appearance of this monster is well shown in the 

photographs of figures 1 and 2. Here the most striking feature 

is the upturned face, apparently set directly on top of the head. 

There is practically no neck, the head and face projecting up- 

ward from the shoulders. The upturned face is a result of the 

cervical flexure, the cervical vertebrae being flexed sharply 
forward and thus throwing the face upward. This cervical 

flexure can be seen in figure 3. Another interesting feature is 

the greatly enlarged arms and hands which also show well in 

figures 1 and 2. Figure 3 presents the condition of cranior- 

achischisis of which more will be said later. 

Dissection of the upper and lower extremities revealed little 

of interest other than the abnormally large arms and hands. 
These made up in volume percentage about 18 per cent of the 

total body volume which was greatly in excess of the normal 
for a foetus of this age. The circulation of the extremities was 

apparently normial as was also the nerve supply of these parts. 

The brachial and lumbo-sacral plexuses were normally developed. 

The condition of craniorachischisis is shown in figure 3. The 

bony floor of the cranial cavity and the spinal canal has been 
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| 2 Ver ct of the monstet1 Note upturned face and large arms 

cleaned in order to bring out more clearly the condition of bone 

development ‘There was no brain and no cord, the bones being 

covered only with the membrane which formed the floor of the 

embryologic neural groove. ‘The squamous parts of the bones 

of the skull and the parts of the vertebrae forming the sides and 

dorsum of the spinal canal were lacking entirely. Of the basal 

bones of the skull there are plainly seen the sphenoid with the 
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anterior clinoid processes, the petrous parts of the temporal 

bones with the internal auditory meatus, and the basal part of 

the occipital bone with the jugular foramina. Immediately 

below the basal part of the occipital bone is a deep recess which 

is formed by the cervical flexure mentioned above. The spinal 
column shows the bodies of the vertebrae with the transverse 

processes and the intervertebral foramina. It is interesting 

to note that while neither brain nor cord was formed there was 

a complete and apparently normal development of the peripheral 

nervous system. 

Dissection of the thorax showed the heart distinctly more to 

the right of the median line than to the left. The right side 

of the heart was much larger than the left due probably to an 

engorgement at death but otherwise there were no abnormali- 
ties. The lungs and thymus gland were normal. 

In the abdomen a number of anomalies were found, A general 

view of the abdominal features is shown in figure 4. Here the 

most striking thing is the single large kidney occupying the 

greater part of the space of the left lumbar region. There were 

two separate ureters and two suprarenal glands although only 

the left one of each is shown in the drawing. The peritoneum 

has been partially removed to better display the kidney but the 

part remaining on the right side covers the right ureter and the 

right suprarenal gland. The grooves in the ventral surface of 

the kidney contain the left renal vessels. The uterus and 

bladder show a distinct displacement to the left which will be 

explained later. The stomach shows a bilobed fundus and a 

cylindrically shaped body. The spleen had a large blood clot 

in its ventral aspect and two or three small accessory lobes not 

shown in the drawing. The liver and pancreas showed nothing 

unusual. The volume of the various organs and parts of the 

body were compared with Jackson’s table on the prenatal growth 

of the human body and none excepting the upper extremities 

found greatly out of proportion to the normal. 

Anomalies of the circulation were found in the abdominal 

aorta and the vessels of the pelvis. These are shown in figure 

5 which is a diagram of the circulation as found. The inferior 
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mesenteric artery comes off the aorta at a much higher level 

than normal while the coeliac axis, superior mesenteric, renal 

and ovarian arteries present their normal relationship. In the 

pelvis the aorta was continued in the median line to form a 
single-umbilical artery which caused a displacement of the uterus 

and bladder to the left. This median aorta or umbilical artery 
gave off the uterine, right external iliac and the normal branches 

of the right internal iliac artery while the left common iliac 

= 

ah 
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Fig. 4 Abdominal viscera after removal of liver and intestines. A, right 

margin of kidney covered with peritoneum; B, normal right kidney space; C, 

mesentery drawn to the right; D, liver space; E, diaphragm; F, vena cava; G, 

stomach; H, spleen; J, blood clot; J, cut edge of lesser omentum; K, left supra- 

renal gland; L, cut edge of great omentum; M, kidney; N, cut edge of peritoneum; 

O, left ureter; P, pelvic colon; Q, ovary; R, uterus; S, bladder. 

Fig. 5 Diagram of abdominal aorta and pelvie vessels. <A, coeliac axis; 

8B, superior mesenteric; C, inferior mesenteric; D, renal arteries; Z, ovarian ar- 
teries; F, left common iliac; G, internal iliac; H, uterine arteries; 7, external iliac; 

J, branches corresponding to the remaining vessels of the right internal iliac; 

K, the single umbilical artery; L, right external iliac. 
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formed and terminated in the left internal and external iliaes 
with no umbilical artery. A photomicrograph of a cross sec- 

tion of the umbilical cord with its vein and one artery is shown 

in figure 6. 

Fig. 6 Photomicrograph of the umbilical cord. Note vein and one artery. 

Concerning the causative factors underlying the production of 

monsters and the various anomalies many theories have been 

advanced. Such are faulty implantation of the ovum, mechani- 

cal influences, diseased condition of the uterus with consequent 

absorption of poisons, and the action of various salts as those 

of sodium, calcium and magnesium. Alcohol and anaesthetics 

have been viewed with suspicion as to their influence. Mal- 
nutrition of the various tissues and organs due to circulatory 

disturbances with resulting failure of development and atrophy 

of the parts affected explain many anomalies. For a more com- 

plete discussion of these various theories the reader is referred 

to the current literature and to the many excellent textbooks 

of embryology. 
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A TEACHING MODEL OF A 10 MM. PIG EMBRYO 

IVAN E. WALLIN 

Department of Anatomy and Biology, Marquette University Medical School 

THREE FIGURES 

In an introductory course in mammalian embryology a great deal of 
precious time is generally lost in teaching students the values of struc- 
tures in serial sections. While the standard embryological models in 
use are indispensable in the teaching of the subject they are of little as- 
sistance in helping the student to understand the relationship of a 
single section to those that follow and precede and in giving him a 
mental picture of the entire structure. 

The model which is described below (fig. 1) is so constructed that a 
student working on the serial sections can go to the model and see any 
particular section in its relationship to the ones that precede and follow 
it. A part of this model was used in the laboratory during the past 
academic year with gratifying results. Both simple and difficult con- 
ditions in the microscopical sections were readily understood when the 
particular segment of the model had been examined. 

I do not believe that a large model of a pig embryo has ever been 
constructed on this plan before. The value of such a model in the 
teaching laboratory it seems to me warrants a description of the 
construction. 

The model was made of paraffined blotting paper at an enlargement 
of 50 diameters. The method of using the paper differed a little from 
the method I described in a previous publication.!. The drawings of 
the sections were made on tracing cloth which are placed in a perma- 
nent file for future reference and by using a carbon paper the original 
drawing was transferred by one operation to the blotting paper. 
The blotting paper is afterwards soaked in melted paraffin.2 Most 
of the general outline of the section can be cut with scissors and after- 
ward completed with a knife cutting over a glass plate. 

In cutting the sections only that part of the mesenchyma lying 
next to the ectoderm is represented. This is retained to give a sufficient 
thickness and firmness to the blocks of segments when they are per- 
manently stacked. Structures in the interior are held in place by 
means of bridges which are retained permanently. 

1Am. Jour, Anat., July, 1917. 
?This method, I believe, has been described before. However, I have been 

unable to find a reference to it. 
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lhe model was built in segments. The thickness of the segments 

varies and depends upon the structures within. Certain segments 
for example no. 7 and no. 13, are comparatively thin. It was neces- 
sary to stack them in this way so that certain important structures 
would not be covered. The last segment (No. 24) is mounted on a 
wood stand (stand does not show in photograph ). A block of wood was 

carved to receive the contour of this se gment which was made fast to 

it with nails. The entire stand and segment were afterwards electro- 
plated with copper. The other segments merely rest on top of this 
last segment when the entire model is set up. 

The structures in each segment were painted so as to make them 
stand out more prominently. The type of pigments used were the 
ordinary tube pigments mixed with rubbing varnish to the consistency 

of thick syrup. This method was suggested by the department artist 
Mr. Leo Massopust. This mixture has been found to be very satis- 
factory. When the mixture has thoroughly dried on the model it 

forms a very hard coating which appears to give promise of good wear. 
All painted surfaces are finally covered with a coat of French varnish. 

Figures 2 and 3 are photographs of the cephalic and caudal face of 
segment 14. This segment contains a portion of the heart with very 

small parts of the liver showing on the caudal face. 
There may be certain advantages in building a model of this type 

by the use of the wax plate method. Structures, like ganglia, could 

be rounded off more easily than when the blotting paper is used. The 
wax segments could be electroplated with copper and in this way be 

made more serviceable for class room handling. The cutting of the 
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paraffined blotting paper is also more difficult than the cutting of wax 
plates. 

I wish to take this opportunity to acknowledge the intelligent as- 

sistance of our laboratory technician Mr. Paul Kordes without whose 
help the completion of this model would have been delayed many 

months. 
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TWO CONVENIENCES FOR THE LABORATORY 

EDWARD CARROLL DAY 

Department of Biology, Bryn Mawr College 

THRED FIGURES 

I, A LABORATORY VEHICLE 

A long-felt need for a suitable and substantial laboratory vehicle 
led to the construction of the car shown in the accompanying photo- 
graphs (figs. 1 and 2). 

The frame is of half-inch galvanized iron pipe, and measures 34 
inches in length, 18 in width and 16 in height between the top and 
bottom trays. The front and hind wheels are 12 and 8 inches re- 
spectively and are the rubber-tired regulation type made for go-carts. 
The forks as well as the wheels were obtained from a manufacturer in 
Philadelphia. The plumber of the College did the work of cutting 
out and fitting the frames together and the mechanic attached the 
wheels. 

It will be observed that both pair of wheels are carried on longi- 
tudinal bars inside of and parallel to the bars forming the bottom 
of the frame. The inside bar is, in each case, 3 inches from the out- 
side one, measuring from center to center. The vertical pipes for the 
small rear wheels are set 42 inches from the rear end and the verticals 
for the large front wheels are set 25 inches from the front end, and are 
connected to the long bars with T-fittings. The vertical pipes for the 
rear wheels had to be bored out a trifle in order to take the shafts of 
the forks. A collar on the upper end of the shaft prevents the fork from 
falling out when the car is lifted. The axle of the front wheels is fast- 
ened with screws into the vertical pipes which have been plugged and 
notched at the ends for the purpose. The front wheels are braced by 
crossed stays running from the axle up to the long bars, while the hind 
ones are braced by a horizontal pipe just above the forks. The handle 
of ae car is given the desired angle by a 45 degree elbow on either 
side. 

The trays are of ? inch hard wood and are held in place by cleats. 
The top one is 24 inches deep and has a hand-hole at each end. White 
enamel gives an attractive finish to the vehicle. 

In order that the equilibrium of the car may not be upset when the 
two hind wheels turn sideways as in rounding a corner, they must 
necessarily be situated near to the end and close to the sides of the 
frame. Although } inch pipe was used, a ~ size would do equally 
as well for the given dimensions of the car. 
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II. AN INJECTION TANK 

Yor a laboratory having compressed air available an injection tank 
of the type shown in figure 3 will greatly facilitate the injection of the 
circulatory systems of a large number of cats or rabbits for dissection 
purposes. 

The inlet for the compressed air is on the left; the outlet for the 
injection mass on the right. The pulley in the center is connected 
to a shaft carrying a double-bladed stirring-paddle at its lower end on 
the floor of the tank. The slight knob just to the left of the pulley on 
the top surface is an inlet fitted with a serew-plug where the injection 
mass may be poured in. The dial is that of a 10-pound pressure gauge. 
To the right of this is an air-valve for regulating the pressure. An 
arm-hole at the bottom of the can, fitted with a brass cover which is 

held in place with machine screws, facilitates the cleaning of the tank 
after using. A small circular glass window in this cover discloses the 
level of the liquid within. The glass is inserted from the inside and is 
held in place with sealing-wax. The bottom of the tank, like the top, 
is convex in order better to withstand the pressure and to concen- 
trate the liquid toward the center as its quantity diminishes. 

With a relatively thin injection-mass and a pressure of three to four 
pounds the apparatus works very satisfactorily when injection is made 
through the heart of the animal. We made a puncture in the left 
ventricle, inserted the cannula, holding it in place with the fingers, 
gently turned on the liquid, injected until the fine arterial capillaries 
stood out upon the surface of the viscera—which required about a 
minute, then ligated the dorsal aorta. The arteries were thus filled 
with the yellow starch mass while the venous system became surcharged 
with blood; thus both systems could be readily traced out by the 
student. 





AUTHOR'S ABSTRACT OF THIS PAPER ISSUED 

HY THE BIBLIOGRAPHIC SERVice ocropEeR 13. 

AN HEREDITARY CASE OF CONGENITAL ABSENCE 
OF ONE KIDNEY 

MARCUS W. LYON, JR. 

George Washington University, Washington, D. C. 

ONE FIGURE 

The following case of absence of a kidney is of interest in view of the 
statement in the family history of the subject that the maternal grand- 
mother had been operated on for some abdominal condition when it 
was found that one kidney was absent. 

The anomaly occurred in a white female, age 41, weight 139 pounds, 
who came to necropsy following an operation for the relief of ascites 
due to cirrhosis of the liver. Associated with the absent kidney there 
was an absence of the ovary and uterine tube of the corresponding 
side. 

The right kidney was entirely absent and no remnants of it could 
be found in the abdominal or pelvie cavities. The left kidney was in 
the usual position, and hypertrophied. It weighed 270 grams and meas- 
ured 140 by 70 by 45 mm., with a cortical thickness of from 10 to 15 
mm. It was supplied with a single ureter. 

The left renal artery was of normal size. The right renal artery 
was very small and distributed to the right suprarenal body. From 
its base a very fine twig came off which probably went to the supra- 
renal also. 

The left ureter was single and normal in every way. The right 
ureter was present forming a distinct tube in its lower portion and re- 
duced to a fibrous cord in its upper portion which disappeared into a 
mass of loose fibrous and areolar tissue. Although the right ureter 
was connected with the bladder, no opening from it into the bladder 
could be found. The interior of the right ureter contained a small 
amount of fine granular debris. 

Both suprarenal bodies were present. The left one was in its usual 
position above the kidney. Unfortunately it was removed and its 
connections destroyed before it was learned that the right kidney was 
lacking. Accordingly it does not appear in the illustration. 

The uterus was very small and in its usual position. It had but one 
uterine tube, the left, which as shown in the illustration was bent over 
toward the right embracing a single ovary in its fold and between it 
and the uterus. No other ovary could be found. There was no in- 
dication of another uterine tube. Although the single ovary actually 
appears on the right side, it is to be interpreted as the left ovary both 
on account of its relations with the left uterine tube as well as to the 
previously observed fact! that in congenital absence of a kidney there is 

'Radasch, H. E., Amer. Journ. Med. Sci., n. s., 186, 111, 1908. 
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requently an associated lack of development of the sexual glands and 
iparatus on the same sick Che sexual history of this subject IS as 

follows: Menstrual periods began at 13, irregular at first, but became 

ey ilar no pain no clots quantity normal. Married at 16, had ua 

premature birth after being married fifteen years. Had another mis- 

carriage at 39 years and never menstruated since. A small myoma, 
ibout 15 mm. in diameter, was in the uterine wall 

Fig. 1 Case of congenital absence of right kidney, ovary, and uterine tube. 

Preparation shows hypertrophied left kidney, and its connections with the ad- 

dominal aorta and bladder; the right suprarenal body and its connections with 

t above in a small mass of fibrous and the abdominal aorta; the right ureter los 

reolar tissue ind joined below with the bladder: the incised uterus with the 

left uterine tube curving over to the right and between it and the fundus of the 

uterus the ovary. The dark irregular area at the right is the fimbriated end of the 

tube For comparison a 10 em. rule is placed at the bottom of the preparation. 
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ON THE MORPHOLOGY OF THE RENAL TUBULES OF 

VERTEBRATES 

G. CARL HUBER 

Department of Anatomy, University of Michigan 

TWENTY-TWO FIGURES 

A comparative study of the renal tubules of the different 

classes of vertebrates was projected nearly twenty years ago, 

soon after publishing results of a study on the development and 

shape of the uriniferous tubules of the higher mammals.'| In 
this study, as projected, it was purposed to reconstruct the excre- 

tory tubules of the pronephros and mesonephros of certain of 

the lower vertebrates, including amphibia, and the metanephric 
tubules of certain reptiles, birds and mammalia. In the re- 
construction, by the Born wax plate method, of the pronephric 

tubules of a larval toad, and mesonephric tubules of an adult 
frog and the metanephric tubules of certain reptilia no great 
difficulty was experienced, and such reconstructions were made, 
somewhat over fifteen years ago in conjunction with Professor 

Ward J. MacNeal, sometime Instructor in this department. On 
attempting to reconstruct the metanephric tubules of birds, it 
was learned after unsuccessful trials that this was beyond the 
limits of the method, so also with endeavors to reconstruct the 

metanephric tubules of adult mammalia. The projected study, 

therefore, was abandoned for a time. The form of the adult, 

mammalian renal tubule was later ascertained by specially 
devised methods of teasing.” This special method of teasing 
has relatively recently been successfully used in an investigation 
of the form of the metanephrie tubule of birds. I am in a 
position now, therefore, to present figures giving the morphology 

1 Huber, G. Carl. On the development and shape of uriniferous tubules of 
certain of the higher mammals. Am. Jour. Anat., Supplement to vol. 4, 1905. 

2 Huber, G. Carl. A method for isolating the renal tubules of mammalia. 

Anat. Rec., vol. 5, 1911. 
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of type forms of renal tubules from the different classes of verte- 
brates. Their presentation does not seem to me superflous at 
the present time, even though Zarnik® has in the meantime pub- 

lished an excellent study of the renal tubules of certain reptilia. 
The duct system of the kidneys of certain of the forms studied 

does not lend itself readily to investigation by reconstruction 

methods, owing to magnification necessary to make the requisite 
drawings, and the size of the resultant model. Therefore, an 

attempt was made, relatively successful in certain of the forms 

studied, to ascertain the form of the duct system by means of 
the celluloid, corrosion injection method devised by me and 
presented in connection with a study of the arteriolae rectae 

of the mammalian kidney.‘ The figures here included, based on 

preparations collected through many years of work, therefore, 

are in part of reconstructions made, in part of complete renal 

tubules isolated by teasing and in part of celluloid, corrosion 

preparations. It is hoped that the figures will be sufficiently 

clear to obviate the necessity of extended description. This 

account is intended more as a pictorial summary of results ob- 
tained as concerns the morphology of the renal tubules and the 

kidney duct systems of certain type vertebrates, than a critical 

discussion of the minute anatomy of the renal tubules considered, 

:inee the literature is much richer as concerns the latter than 

that which concerns the morphology of the tubules. Likewise, 

only the pertinent literature dealing with the morphology of 
renal tubules is here considered, otherwise this account would be 

cxtended far beyond the limits of these pages. 

PRONEPHRIC TUBULES 

The reconstruction of the pronephrie tubule here figured was 
obtained from a series of frontal sections of a larval toad, having 

a length of 10 mm. The variety of Bufo I am unfortunately 

unable to give. The ova were collected in a neighboring pond 

> Zarnik, B. Vergleichende Studien tiber den Bau der Niere von Echinda 

und der Reptilienniere. Jenaische Zeitschrift, vol. 46, 1910. 
‘Huber, G. Carl. The arteriolae rectae of the mammalian kidney. Am. 

Jour. Anat., vol. 6, 1907. 
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and could not be specifically identified. The reconstruction 
was made at a magnification of two hundred diameters. The 

figure is added more with a view of making the series of figures 

complete than with a view of adding materially to current knowl- 

edge of the amphibian pronephric tubule. ‘The figure here 

given presents similarity to that given by Herbert H. Field,° 

figure 41, plate 4, a reconstruction of the right pronephros of a 
larva of Rana having a length of 8 mm., from anterior end to 

tip of tail. Field’s account of the amphibian pronephros is the 

best available. In the brief statement here given, his nomen- 

clature is used. The pronephric tubule shown in figure 1, pre- 

Fig. 1 Reconstruction of the pronephric tubule of a larva of Bufo, the 

larva having a length of 10 mm. from anterior end to tip of tail. > 80. ns., 

nephrostome; ct., common trunk. 

sents only two nephrostomes, ns. The two nephrostomal tu- 

bules join in a Y-shaped junction, hidden beneath the model 

as placed in the figure, in the neighborhood of the region indi- 

cated by a cross. The common trunk presents three main 
loops extending primarily in cephalic caudal direction, each 

presenting three to four secondary loops. The figure presents a 

sketch over an enlarged photographic print, the photograph 
having been taken from a direction which admits tracing the 

common trunk most completely. The arrow indicates the 
direction taken by the tubule in the one location where confusion 
may arise. The actual length of the common trunk reconstructed 

as measured on the model, is approximately 2.5 mm. 

* Field, Herbert H. The development of the pronephros and segmental duct 
in amphibia. Bulletin of the museum of Comparative Zoology at Harvard Col-, 

lege, vol. 21, 1891. 
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MESONEPHRIC TUBULES 

The mesonephric tubule here figured was reconstructed from 

the kidney of an adult, female frog, Rana ecatesbiana. The duct 
system is figured after corrosion preparations made by injecting 

through the ductus deferens or ureter, a solution of celluloid in 

aceton, colored with alkanin. Only now and then was it possible 

to inject anyway completely the duct system. Usually, owing 

to the pressure necessary, the ureter ruptures before the desired 

injection is obtained. After injection, the parts remained in 

place for fifteen to twenty minutes and were then transferred to 

a 75 per cent solution of hydrochforic acid, in which they re- 
mained for about twenty-four hours. The macerated pieces 
were then transferred to a large dish of water and the softened 

tissue removed by playing water against the preparation with 

a dropper provided with a rubber bulb. After the corrosions 
were thoroughly cleansed, they were placed in distilled water for 

a few hours, then dehydrated, and transferred to xylol and if 

desired mounted in xylol-balsam. The mesonephros—kidney— 

of the frog is a compound tubular gland, possessing numerous 

renal or mesonephric tubules, terminating in a series of trans- 

verse collecting ducts which unite with the ductus deferens or 

ureter. The ductus deferens joins the kidney near the posterior 

end of its dorso-lateral margin, passing forward to the cephalic 

end, where it becomes partly embedded in kidney substance. 

Into this main duct there empty at fairly regular intervals and 
approximately at a right angle numerous transversely coursing 

collecting ducts, which, with or without branching pass near the 

dorsal surface of the kidney to near its lateral margin. These 

transverse collecting ducts have a relatively straight course and 

are in the main parallel to each other. For the greater part of 

their course they are embedded in the kidney substance near its 
dorsal surface. In figure 2, there is presented a corrosion prep- 

aration of the ductus deferens with the connected, transversely 

coursing, collecting ducts from the kidney of Rana catesbiana. 

The injection in this case was fairly complete and after macera- 
‘tion it was possible to mount in one piece the entire corrosion. 
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The transverse collecting ducts are represented for about one 

half of their entire length. About the full extent of their branch- 
ing may be observed, since scarcely any branching occurs except 

relatively near their termination in. the ductus deferens. In 
figure 3, is shown a corrosion of one of the transverse collecting 

ducts with the terminal ends of the connected renal tubules, from 

a region in which the injection extended for a distance into the 

renal tubules. The transverse collecting tubules shown in figure 

3, corresponds to one of the main side branches of the ductus 

deferens as seen’ in figure 2. The dependent tubules, hooked at 

the lower end (fig. 3) correspond to that portion of the recon- 
\ 

Vig. 2 Corrosion preparation of ductus deferens and transverse collecting 

tubules of kidney of Rana catesbiana. 

structed renal tubule, shown in figure 4, leading to the segment 

of the reconstructed transverse collecting duct. The manner of 

termination of the renal tubules in the transverse collecting ducts 

is clearly shown in figure 3. They end along the ventral border 

of these collecting ducts in two somewhat irregularly arranged 

rows. By an imaginary combination of the portions of the duct 

system of the frog’s kidney as detailed in figures 2 and 3, the 

entire duct system of the frog’s kidney to and including portions 

of the renal tubules, may be projected. 

The renal tubule of the frog—mesonephric tubule—was figured 

by Nussbaum® many years ago. In figure 28, plate 23, Arch. 
f. Mik. Anat., vol. 27, 1886, he presents a complete uriniferous 

tubule from the kidney of Rana esculenta, teased after macera- 

tion in hydrochloric acid. This figure has been repeatedly 

* Nussbaum, M. Ueber den Bau und die Thitigkeit der Nierenorgane. Arch. 

f. Mik. Anat., vol. 27, 1886. 
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copied and presents many points of similarity to the figure of a 

wax reconstruction here shown. In figure 4, is shown a recon- 

struction of a complete renal tubule of the frog, Rana catesbiana, 

beginning with renal corpuscle and ending in the transverse 

Fig. 3 Corrosion preparation of transverse collecting duct with the terminal 
portions of the entering renal tubules from the kidney of Rana catesbiana. 

Fig. 4 Reconstruction of a renal (mesonephric)tubules of a female frog. Rana 

eatesbiana. X 80. rc., renal corpuscle; n., neck; prox.con., proximal convoluted 
segment; dis.con., distal convoluted segment; con.t., connecting tubule; ér.col., 

transverse collecting duct. 

collecting duct. The figure is placed so that the dorsal surface 
corresponds to the upper border of the figure. A cross section 

of the kidney of Rana catesbiana appears not unlike figure 64, 
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of Gaupp’s’ edition of Ecker’s and Wiederscheim’s ‘‘Anatomie 

des Frosches,” 1905. The renal tubules traverse the entire 

dorso-ventral thickness of the kidney. The great majority of 

the renal corpuscles form an irregular layer situated near the 

ventral surface of the kidney. Each renal tubule begins at a 

renal corpuscle. The renal corpuscles are relatively large, of 
flattened oval form, with long axes extending in a dorso-ventral 

direction. The one reconstructed presents the following mea- 

surements: length, 0.125 mm.; width, 0.1 mm.; thickness, 0.088 

mm. The renal corpuscle is joined to the tubule by a short 

and narrow neck, 7., directed dorsalward, constituting part 1, 

of the tubule proper. The neck is lined by relatively short, non- 

pigmented cells supporting long cilia. The neck is followed by a 
tubular portion having a relatively large diameter and extend- 

ing toward the dorsal surface of the kidney there to form several 

bold loops which may extend to about the middle of the kidney 

substance. This portion is comparable to what is designated 

as the proximal convoluted portion of the mammalian renal 

tubule. Its course is clearly discernible in the figure; I have 

designated it prox.con., proximal convoluted portion. The 
actual length of this portion of the tubule reconstructed, as 

measured on the model, is approximately 3.8 mm., and it has 

a diameter, on the average, of 75yu. It extends from the narrow 

neck, just above the renal corpuscle toward the dorsal surface 

where several bold loops may be observed, then returned to- 

ward the ventral surface ending near the level of the renal 

corpuscle. In the figure this portion of the tubule is partly 

hidden by the small, coiled tubular portion lying to the left and 
slightly above the renal corpuscle. The cellular lining of this 

portion of the tubule is not unlike that lining the proximal con- 
voluted portion of the mammalian kidney, presenting an inner 
striated border and now and then pigment granules in the basal 
portions of the cells. The portions of the renal tubules of the 
frog here designated the proximal corrulated portion, taken 

collectively, constitute the greater portion of the dorsal half of 

7Gaupp, E. Ecker’s und Wiedersheim’s Anatomie des Frosches, Dritte 
Abtheilung, 1904. Harnorgane, page, 238. 
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the kidney substance. This proximal convoluted portion is 

followed by a short and narrow segment comparable, in position 
only, to the medullary loop (loop of Henle) of the mammalian 

renal tubule. In the figure given, this portion of the tubule 

reconstructed is practically hidden by the tubular coil complex 

above referred to. ‘This segment is said to be lined by ciliated 

epithelium similar to that lining the neck; it constitutes Gaupp’s 

‘Dritter Canalabschnitt.’ In the tubule reconstructed this 
portion presents a length of a little less than 0.2 mm.; however, 
in the model its delimitation is somewhat uncertain. In the 
succeeding tubular segment, Gaupp’s ‘Vierter Canalabschnitt,’ 
the tubule again increases in size slightly, reaching a diameter of 

about 30u, and presents numerous coils and loops certain of 
which reach the ventral surface of the kindey. The general 
course and relations to the renal corpuscle of these loops is well 
shown in the figure; they forming the tubular coil complex of the 
lower third of the figure. This portion presents an actual length 

of approximately 2.5 mm. It is lined by a short epithelium, 
presenting basal rodding. In cross sections of the kidney this 

portion of the tubule is found in the ventral portion, extending 

from a little above the level of the renal corpuscles to the ven- 

tral surface of the kidney. This portion of the frog’s renal tubule 
may be compared to the thicker portion of the ascending limp 

of the medullary loop and the distal convoluted portion of the 
mammalian renal tubule and is here designated the distal con- 
voluted portion, dis.con. of figure 4. This segment is succeeded 
by the final segment leading to the transverse collecting duct. 

If may be designated the junctional or connecting tubule, con.t., 

clearly shown in the figure of the model as it joins that segment 

of the transverse collecting duct, tr.col., reconstructed. In the 

tubule reconstructed it presents a length of 0.7 mm. In figure 3, 

the dependent, hook-shaped tubular portions represent this 

fifth tubular segment, the junctional or connecting tubule. 
This portion of the tubule is lined by an epithelium similar to 

that of the collecting ducts. The entire renal tubule of the frog 

as reconstructed and presented in figure 4, has a total length 
of slightly over 7 mm. 
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METANEPHRIC TUBULES 

A study of the metanephrie tubule requires consideration of 
the renal tubules of reptilia, birds and mammalia. For this 

study the renal tubules of a number of species of reptilia were 
modelled after the Born wax plate method, in the hope that some 

data concerning the ancestral origin of the metanephric tubule 

might be obtained. This hope was not realized. There is 
found a certain resemblance in morphology between the amphib- 

ian mesonephric tubule and the reptilian metanephric tubule, 

but beyond such resemblance in form the kindeys of the types 
studied present no definite data as to their developmental 
relationship. Models of renal tubules from kidneys of the tur- 

tle, the alligator, the snake and the lizard are here depicted. 

Zarnik has considered very fully the structure of the reptilian 

kidney, embracing in his study, among other forms, the kidney 

of the lizard, the snake the alligator and the turtle. His com- 

prehensive publication appeared after the models here figured 
were completed, This article is valuable for the literature 

reviewed as well as for the observations recorded. ‘These as 

concerns the form of the renal tubules investigated are based 

almost wholly on teased preparations. My own observations 
corroborate many of his results. Their publication at thistime 

seems never-the-less warranted in that they are based on models 

in which, as I have had abundant opportunity to learn, the 

relations of the different parts of the respective tubules are more 

accurately maintained than in teased preparations, and further, 

the forms studied by me are not identical with those investigated 

by Zarnik. In presenting my own results of the study of the 
forms of the renal tubules of reptilia it will be necessary from 

time to time to draw attention to Zarnik’s observations, obviat- 

ing the necessity of a complete review of his work. 

For the study of the morphology of the renal tubule of the 
turtle several such tubules were reconstructed from the kidney 

of Chrysemys marginata. The kidney of this turtle presents 

on its surface shallow grooves, in the main parallel, and having a 
direction which is in general at right angles with the long axis 



314 G. CARL HUBER 

of the kidney. These grooves anastomose here and there. They 
bound indistinet folds or pseudolobules, drained by main branches 
of the duct system. The ureter enters on the ventral surface. 
Two of the several renal tubules reconstructed are reproduced 
in figure 5, Aand B. In the folds or pseudolobules of the chelon- 

ian kidney, as also pointed out by Zarnik, the branches of the 
renal artery as also the branches of the venae renalis revehentes 
course through the centers of the pseudolobules, between two 

layers of kidney substance, which respectively meet in the center 

Fig. 5 A and B, two renal tubules reconstructed from the kidney of 

Chrysemys marginata. X 80. rc., renal corpuscle;n., neck; proz.con., proximal 

convoluted segment; int.seg., intermediate segment; dis.con., distal convoluted 

segment; con.t., connecting tubule; col.d., collecting duct. 

of the pseudolobules and extend to its surfaces. The main 
branches of the duct system, arising from the primary branches 

of the ureter, radiate from the ventral to the dorsal surface of 

the kidney, coursing in the kidney substance, on each side near 

the surface of the pseudolobules. Each so called pseudolobule, 

therefore, is composed of two layers of kidney substance having 

between them branches of the renal artery and branches of the 

venae renalis revehentes, each layer being composed of masses 
or renal tubules, the main axis of whose coil complex is approxi- 

mately at right angles to the surface of the pseudolobules, and 

to the main branches of the collecting ducts. 
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The renal tubules of Chrysemys marginata begin in a relatively 
small renal corpuscle averaging about 55y in diameter. They 

are situated on each side near the centers of the pseudolobules 
forming on each side of the center an irregular layer. The 

renal corpuscle is followed by a short and narrow neck, lined by 

an epithelium bearing long cilia. The neck is followed by what 

may be regarded as the proximal convoluted portion. Zarnik’s 
‘Hauptstiick’ which courses toward the periphery of the pseu- 
dolobule, overlying the associated collecting duct and forms 

a large and conspicuous portion of the coil complex of each renal 

tubule. In tubule A, of figure 5, this segment, prox.con. is 
arranged in the form of a letter N, extending from the neck, n., 

to the region marked by a cross, found at the middle of the upper 

portion of the figure. The three parts of the N-form present 
each smaller secondary loops. In tubule B, of figure 5, the 

arrangement of the proximal convoluted portion has an arrange- 

ment which is essentially the same as in tubule A, though the 
final rising arm of this N-shaped segment is not as long. In: 

tubule A, this tubular segment presents a length of 1.5 mm.; 

in tubule B, 1.25 mm. and a diameter of from 60 to 65u. It is 

lined by an epithelium not unlike that lining the proximal con- 

voluted portion of the mammalian renal tubule, presenting also 

a striated inner border. Collectively these tubular segments 

form the outer border of the pseudolobules. This large and long 

segment is followed by a short and narrow segment, lined by cili- 

ated epithelium and corresponds in position only to the thin arm 

of the medullary loop of the mammalian fenal tubule. In tubule 
A, of the figure this short intermediate segment intf.seg. descends 

from the region of the cross to the region where the tubule again 

becomes larger, about the middle of the figure. It has a length 
of a little less than 0.3 mm., and a diameter which averages 20x. 

In tubule B, this segment is represented by the dotted loop 

found a little to the left of the middle of the figure. This inter- 
mediate segment is followed by what I shall designate as the 

distal convoluted portion, forming in both tubules figured a 
dense coil complex in the region of the renal corpuscles, thus 

found near the center of the pseudolobules. In both tubules 
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this segment presents a length of very nearly 1 mm., and a 

diameter which varies from 30 to 454. This segment is lined 

by a low columnar epithelium showing a striated protoplasms. 

It is followed by a junctional or connecting tubule, con.t., which 
in both figures lies to the right, extending respectively from t_e 

loop which lies at the lower right hand corner of each tubule 
figured to the segment of the collecting duct which crosses each 

tubular complex at approximately a right angle, col.d. This 

tubular segment has a length of 0.6 mm. This gives a length 

to tubule A, from renal corpuscle to collecting duct of 3.3 mm. 

The tubules here figured are similar to those figured by Zarnick, 

both in form and arrangement, except that the duct segment 

in 

Fig. 6 Duct system of pseudolobule of kidney of Chrysemys marginata, 

corrosion preparation. 

Fig. 7 Distal collecting duct with connecting or junctional tubular segments 
of renal tubules emptying therein, Chrysemys marginata, corrosion preparation. 

figured by him crosses the coil complex a little nearer its center 

than in my figures, see Zarnik’s figures 35 to 37 of plate 7. Other 

renal tubules modelled from the kidney of Chrysemys marginata 

and not here figured are in their morphology not unlike the 

tubules here figured. 
In figure 6 is represented a drawing of a fairly complete cellu- 

loid corrosion injection of the duct system of a pseudolobule. 

The main duct, bottom of the figure, arises from the ureter on the 

ventral surface of the kidney. The primary and secondary 
branches radiate toward the dorsal surface of the respective 

pseudolobules, coursing in the kidney substance, on each side 
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nearer the surface of the pseudolobule than its center. Into 

each of the branches empty numerous renal tubules. In figure7, 
is shown one of the radiating collecting ducts, many of which 

are figured in figure 6, taken from a corrosion injection in which 
the injection mass in certain parts extended for a distance into 

the connected renal tubules. In this figure, each dependent, 

hook-shaped tubule corresponds to a connecting or junctional 

tubule as figured in the reconstructions shown in A and B of 

figure 5. The segment of the collecting duct shown in figure 5, 

col.d. corresponds to a short segment of the distal collecting 
duct uniting the several connecting tubules as seen in figure 7, 

or of the radiating and branching ducts depicted in figure 6. 

Figures 6 and 7, give a better perspective of the duct system of 

the chelonian kidney than do figures 41 and 42 of plate 7 of 

Zarnik’s contribution. 
Alligator. For the material used in the study of the renal 

tubule and collecting ducts of kidney of the alligator, I am 
indebted to Doctor Greenman, Director of the Wistar Institute, 

who kindly furnished me several specimens of Alligator missis- 

sippiensis, measuring approximately two feet in length. All 

previous descriptions of the kidney of the alligator note its 

simple structure. It is found accurately described by Zarnik 

in his comprehensive contribution in which he discusses and in 

many points corroborates the earlier observations of Solger® and 

Szakall.* In the kidney of the alligator the ureter divides near 

the caudal end of the kidney into a dorsal and ventral branch 

which course respectively along the dorsal and ventral surface 

of the kidney. Into these two branches of the ureter empty 

numerous lateral, primary collecting ducts, which after division 

extend on each side of the ureter to near the lateral and median 
borders. In figure 8, is represented the cephalic end of the 
ventral ureter with the primary collecting ducts termination 

§ Solger, B. Zur Kenntnis der Krokodilniere und der Nierenfarbstoffe niederer 

Wirbeltiere. Zeitschr. f. wiss. Zool., vol. 41, 1885. 
®Szakall, T. Uber den Bau des Urogenitalsystems des Krokodils. Inaug.— 

Diss. Giesen, 1899. Seen by me only in review (Page, 311, Herwtig’s Handbuch 
der Vergleich. u. Experiment. Entwicklungslehre, Dritter Band, Erster Theil, 

1906. 
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therein, as obtained from a preparation made by the celluloid 
injection corrosion method. In the lower left of the figure is 
indicated the manner of termination of the initial collection duet 
coming from the renal tubules. In figure 9 is given a drawing 

of a very completely injected corrosion preparation of one of the 

side branches of the ureter with the connected initial collecting 

ducts. These terminate in the respective collecting ducts in 

two fairly regular rows as is evident from the figure. A compari- 

son of figures 8 and 9 of this article with figures 33 and 34, plate 
6, of Zarnik’s contribution will show a close correspondence of 
results obtained by methods of teasing and corrosion injection 

Fig. 8 Cephalie end of ventral branch of the ureter, with lateral branches, 

collecting ducts, alligator mississippiensis, corrosion preparation. 

Fig. 9 Lateral collecting duct, receiving the distal ends of the renal tubules 
terminating therein, connecting tubules, alligator mississippiensis, corrosion 
preparation. 

as concerns the duct system of the alligator kidney. The sub- 
stance of the alligator’s kidney is arranged in a dorsal and a ven- 
tra! half, corresponding to the dorsal and ventral branches of 
the ureter, separated by a small amount of connective tissue and 

branches of the renal artery and accompanying veins. The 

dorsal and ventral portion of the renal substance are minor 
pictures, so far as tubular arrangements and ducts are concerned. 
This is clearly shown in text-figure 34 and figure 52, plate 10 of 
Zarnik’s article and this is confirmed in my own serial sections. 
This observer successfully teased the renal tubules of the alli- 
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gator as may be seen from his figure 30a, plate 6. In figures A 

and B, of figure 10, are reproduced two renal tubules of alligator 
mississippiensis reconstructed after the Bora method. ‘They are 

taken from the thicker central and slightly thinner lateral por- 

tions of a series of cross-sections. The renal corpuscles of the 

proxcon. 

Fig. 10 AandB, reconstructions of two renal tubules of alligator mississippien- 

sis. X 80. re., renal corpuscle;n., neck; prox.con., proximal convoluted segment; 

int.seg., intermediate segment; dis.con., distal convoluted segment; con.t., con- 
necting tubule; col.d., collecting duct. 

several tubules form a fairly regular layer in each half of the 
kidney substance, a little distance away from the connective 

tissue septum. The renal corpuscle forming the beginning of 

the tubule A, figure 10, presents a flattened oval form with a cross 

diameter of 454. The renal corpuscle is followed by a narrow 
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neck, directed toward the periphery, which in the alligator is 

not lined by ciliated epithelium. The neck is followed by a 
long, slender loop, which extends from the renal corpuscle tothe 

pheriphery of the kidney, looping back again to about the level 

of the renal corpuscle. This loop, which is very simple in ar- 

rangement, forms the proximal convoluted portion, proz.con., 

and is lined by an epithelium having a striated inner border. 

Its length in. this tubule is 2.3 mm. and it presents an average 

diameter of a little over 40u. This segment is followed by a 
short intermediate segment, lined by ciliated epithelium, ex- 

tending from about the level of the renal corpuscle to the loop 

coil shown at the lower end of the figure. In the model, this 

portion is not clearly demarked; it presents a length of about 

0.3 mm. This portion is followed by the distal convoluted 
portion, forming the coil complex with the short ascending loop, 

forming the lower end of the figure, and leading to the long 

connecting tubule and initial collecting duct ascending, quite 

free, at the left the of figure. The distal convoluted portion . 
presents a length of 0.8 mm. and the connecting tubule and 
initial collecting duct, together, a length of 1.1 mm., making the 

entire length of this tubule 4.5 mm. Tubule B, of figure 10, is. 

very similar in form and arrangement of parts to tubule A, differ- 
ing from it only in being slightly shorter. 

Snake. Yor the investigation of the snake’s kidney, the com- 

mon stripped snake, Eutaenia sirtalis Baird, was chosen. Zarnik 
reports on the renal tubules of a number of ophidian forms, bas- 

ing his study on teased preparations. The left kidney was 

studied; the duct system by the corrosion injection method, the 

renal tubules by means of wax reconstruction. In the stripped 

snake the left kidney is an elongated, slightly lobulated organ, 

the ureter coursing along the ventral and ventro-menial border 

to near its cephalic end. In figure 11, is shown a corrosion of the 

ureter with the attached primary collecting ducts. These, as 

may be seen from the figure, enter the ureter at a very acute 

angle and after a short distance turn at nearly a right angle, to 

course over the dorso-lateral surface of the kidney; receiving the 

initial collecting ducts. In figure 12, is presented one of the 
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main side branches of the collecting duct system, taken from a 

very fully injected preparation, in which the injection mass ex- 

tended into the initial collecting ducts. Their manner of term- 
inating in the superficially placed collecting ducts is clearly 
shown in the figure. In figure A, and B, of figure 13, are pre- 

sented two views of a modle of a renal tubule of the common 
stripped snake. In B, the reconstruction as viewed from the 

side as shown in A, is presented as when viewed from the convex 

side. The renal tubules of the snake, at least in the form studied, 

Fig. 11 Ureter with collecting ducts terminating thercin from the leit kidney 

of the common stripped snake, Eutaenia sirtalis; corrosion preparation. 

Fig. 12 Collecting duct of the kidney of Eutaenia sirtalis, the common strip- 

ped snake, with the distal ends of renal tubules emptying therein, corrosion 

preparation. 

present an arched form as seen in figure 13, A, and a quite com- 

pact arrangement, somewhat difficult to portray in a figure. 

In this renal tubule, the renal corpuscle is relatively small and 
of nearly spherical form, having a diameter of 43y. This is 

attached to a long slender neck, lined by ciliated epithelium, 
which is followed by the proximal convoluted. portion, arranged 

in the form of a main loop extending from the renal corpuscle 

to the region of the surface collecting ducts and returning again 

to a little below the level of the renal corpuscle. This main 
loop, which presents a number of secondary loops, has a length 

if 1.6 mm. and is lined by an epithelium having a striated inner 
border. The proximal convoluted segment is followed by a 

THE ANATOMICAL RECORD, VOL. 13, No. 6 
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short intermediate portion lined by ciliated epithelium and 

this in turn by the distal convoluted portion. This later portion 
forms the coil complex well seen at the bottom in B, of figure 13, 
forming in reality a long loop, directed away from the collecting 

duct, toward which it returns and with which it connects through 

a long slender connecting tubule and initial collecting duct. The 

Fig. 13 Aand B. Two views of the same renal tubule reconstructed from the 
kidney of the snake, Eutaenia sirtalis. > 80. Figure A, gives a sideview, figure 

B, the same model as viewed with the convex side toward the observer. re., 

renal corpuscle; n., neck; pror.con., proximal convoluted segment; int.seg., 

intermediate segment; dis.con., distal convoluted segment; con.t., connecting 
tubule; col.d., collecting duct. 

.distal convoluted portion has a length of 1.5 mm. and the con- 

necting tubule a length of 0.75 mm., giving the entire tubule a 

length of 4mm. The figures here given showing a reconstruc- 

tion of the ophidian renal tubule bears a close resemblance to 
figures 24 and 25, of plate 5, of Zarnik’s article. 

Lizard. The limited material at my disposal did not enable 

me to attempt a study of the duct system of the lizard’s kidney 



RENAL TUBULES OF VERTEBRATES 323 

by means of corrosion injection methods. Several renal tubules 

were reconstructed from a series of cross sections of a kidney of 

a small lizard which unfortunately was not specifically identified. 

The single figure here given, figure 14, is added more for con- 

firmation of the results of a much more complete study, by means 

of teasing, of the kidney of the lizard by Zarnik. As may be 

observed from a study of figure 14, the renal corpuscle is of nearly 

spherical form having a diameter of 554. The neck is short and 

is lined by ciliated epithelium. The proximal convoluted 

portion, Zarnik’s ‘Hauptstiick,’ forms a long N-shaped, double 
loop, with numerous secondary loops, having a length of 1 mm. 

This tubular segment. is lined by relatively clear epithelium 

Fig. 14 Reconstruction of renal tubule of the lizard. X 80. rc., renal 

corpuscle; proz.con., proximal convoluted segment; int.seg., intermediate seg- 

ment; dis.con., distal convoluted segment; con.t., connecting tubule. 

having an inner striated border. Its relation to the renal cor- 

puscle is not unlike that found in the mammalian renal tubule. 

The intermediate segment, ‘Ubergangsstiick’ and ‘Schleifenstiick’ 
of Zarnik’s is lined by ciliated epithelium and forms a short seg- 
ment, in close relation with the renal corpuscle. This is fol- 

lowed by the distal convoluted portion, consisting of a U-shaped 

loop with numerous secondary loops, having a length of 0.6 mm. 

This segment joins the collecting duct by means of a short and 

relatively thick connecting tubule. The entire length of the 

tubule figured is a little less than 2mm. The different parts of 

the tubule are compactly arranged, forming a coil complex more 
closely grouped than in the renal tubules of the other reptilian 

forms studied by me. Figure 14, of this article should be com- 

pared with figure 12a, plate 3, of Zarnik’s contribution, both 

figures are very similar in all essentials. 
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AVIAN METANEPHRIC TUBULES 

For the study of the metanephric tubule of birds I made use 
of the kidneys of adult roosters, Gallus domestica. As stated 
in the introduction to this article an attempt was made quite 
a number of years ago to reconstruct by means of the wax plate 
method, the renal tubules of birds, using for this work, series 

of cross sections of the kidney of the dove. After a number of 
attempts and the consumption of much time this method was 
abandoned since success did not seem attainable. It is only 

relatively recently that time and opportunity presented itself 
to again take up the investigation of the avian renal tubule, 

this time by methods of maceration and teasing. This latter 

attempt has proven more successful. The material was pre- 

pared for teasing by injecting under about 20 pounds of pressure, 

the fresh kidney, through the renal artery with a 75 per cent 

solution of hydrochloric acid. After this injection, the kidneys 
was removed and placed in a solution of hydrochlorie acid of 
like strength for a period of several hours, then thoroughly 

washed in water, stained in an alum hematoxylin solution and 

teased under the steroscopic binocular. 
While the isolation of complete renal tubules from the bird’s — 

kidney presents less difficulty than the isolation of complete 
renal tubules from the mammalian kidney, still it requires hours 

and hours of teasing and the passing over of many failures before 

one obtains a series of satisfactory preparations. The literature 
contains few references and fewer figures relating to the renal 

tubules of birds. One very brief reference is found in Chapter 
21, Stricker’s Manual of Histology (English translation, Wood and 
Co., New York, ’72) written by Carl Ludwig. In figure 171 D of 
this text is presented a diagrammatic outline drawing representing 

a renal tubule from the kidney of a dove. A footnote states that 

this figure was designed by Hiifner. The text contains the fol- 
lowing reference to this figure: ; 

It will be noticed at once how strong the resemblance is to the uri- 
niferous tubule of Mammals. The several subdivisions which we make 
in the latter are also to be found here, and they oceur in the same 
order. As far as our present knowledge goes, the uriniferous tubules of 
all birds are made on the same plan as those of the dove. 
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The kidney of the bird is an elongated, distinctly, lobulated 

organ, with the ureter on the ventral and mesoventral side. 

Prominent branches pass from the ureter to the several lobules. 

The ventral or mesoventral portion of each lobule presents a short 

renal pyramid. The central core of a lobule presents an ap- 

pearance which is not unlike that presented by the mammalian 

kidney, namely, a shallow medulla and a cortex. The cortex, 

particularly, extends on all sides beyond the limits of this cen- 

tral core, presenting an appearance not unlike that presented 

by the reptilian kidney, especially the chelonian kidney. It is 

perhaps fortunate for this work that it was necessary to resort 

to methods of teasing by reason of failure with the method of 

reconstruction in that the teasing method admits of taking tissue 

portions from all parts of a lobule, while with reconstruction 

methods one is limited, by reason of consumption of time, toa 

reconstruction of one or a small number of tubules. In this 

study it was early evident that the renal tubules forming the 

periphery of the lobules presented a form which is very much 

simpler than is presented by those forming the central core of 

the lobules. The former presenting a form and arrangement of 

parts which is not unlike that of the reptilian renal tubules, 

while the latter present a form and arrangement of parts which 

resemble the mammalian renal tubules, with transition from one 

type of tubule to the other in an intermediate zone. From the 

many renal tubules of birds, successfully and completely iso- 

lated, and permanently mounted, I have selected a small series 
showing this transition from the reptilian type of tubule to the 
mammalian type. The necessary drawings were made from 

permanently mounted, completely isolated renal tubules, at a 

magnification of 200, by aid of camera lucida. In order to 

bring the figures to a size making reproductions as text figures 

possible, and yet maintain the same magnification for all the 

figures of renal tubules of birds, the figures here given represent 

just half the magnification of the figures detailing the amphibian 

and reptilian renal tubules. The measurements given for the 

renal tubules of birds are taken from the drawings, and are per- 

haps not as accurate as those taken from wax reconstructions. 



326 G. CARL HUBER 

They give, however, very nearly the actual lengths of the re- 

spective renal tubules. In considering the diameter of the 
different parts of the renal tubules of birds, as here figured, it 

should be understood that in order to mount permanently in 

glycerine the completely teased renal tubules it is necessary 

to allow them to dry partially on the slide after the removal of 

the fluid in which they are teased. This fixes them to the slide 

sufficiently so that they are not broken and distorted when the 
cover glass and mounting fluid are added. However, in this 

process the respective tubule loses in diameter, though scarcely 

in length. The camera fucida drawing here reproduced, there- 
fore, do not represent the full diameter of the tubules figured. 

It is further to be understood that in order to be certain that the 

tubule under teasing is in reality a single tubule, it is necessary 

to tease and separate all coils or loops and to be able to tease 
completely from renal corpuscle to collecting ducts the entire 

tubule. This makes it difficult and quite impossible to bring 

the several parts into normal positions, though there is a marked 

tendency for a given tubule to do this if allowed to remain un- 

disturbed for a few moments in the fluid in which it is being 

teased. However, the manipulations necessary to mounting 

permanently such a preparation usually leads to slight distor- 

tion and movement of parts so that the respective tubule comes 

to rest on the slide slightly spread out, admitting usually of 

readier interpretation and clearer representation in drawing, 

but does not present the normal relations of parts. In this 

latter respect tubules isolated by teasing suffer in comparison 
with such as are reproduced by wax reconstruction. 

It is my purpose to discuss the several types of renal tubules 
of the bird observed, by beginning with a consideration of the 

simplest type and proceeding to the larger and more complex 

types. In figure 15, A, B and C, are reproduced three renal 

tubules taken from the more peripheral portions of one of 

the lobules of the kidney of an adult rooster. Each is complete 

from renal corpuscle to collecting duct. A comparison of these 

figures with the figures here given of the reptilian renal tubule, 

especially A and B, of figure 5, will show that there exists a 
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marked morphologic similarity in form and arrangement of 

parts of the reptilian and certain avian renal tubules. In each 

of the three tubules reproduced in figure 15, the renal corpuscle 

is relatively small and of nearly spherical form. Each is joined 

to the respective tubule by a narrow neck. ‘This is followed by a 

tubular segment which constitutes the proximal convoluted 

portion, arranged in each of the three tubules figured in the form 

of a letter N, each part of the N presenting numerous secondary 

A 5 c 

Fig. 15 A, Band C. Three renal tubules of the reptilian type, teased from 
the peripheral protion of a renal lobule, from the kidney of an adult rooster, 
Gallus domistica. X 40. re.,renal corpuscle; n.,neck; prox.con., proximal con- 

voluted segment; int.seg., intermediate segment; dis.con., distal convoluted 

segment; con.t., connecting or junctional tubule; col.d., collecting duct. 

loops, all partly extended in the preparations as mounted. The 

arrangements of the tubular segment is perhaps most clearly 

shown in tubule A, in which its general course is clearly followed. 

A study of tubule B, shows the same arrangement and in tubule 

C, the greater part of the coil complex, tilted accidently to the 
left, constitutes this tubular segment. In this part of tubule C, 

the normal relation of the respective loops is better maintained 
than in the other two tubules. If the coil complex in C, tilted 

diagonally to the left, be brought in line with the rest of the 
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figure, fairly normal relations are obtained for all of this tubule. 
The actual length of the proximal convoluted tubular segment 
in the three tubules shown in figure 5, is—A, 3.8 mm.; B—3.5 

mm.;C—3.6 mm. _ I realize fully that there exist several sources 

of error in the method used in obtaining the actual length of the 

several tubular segments considererd—measuring the tubule as 

drawn enlarged in the figure and dividing by magnification used— 

however, the length given may be regarded as approximately cor- 

rect. Macerated and teased preparations, even where mounted 

in glycerine, present very little evidence as concerns the cel- 
lular structure of the different segments, a slight difference in 

the depths of staining may be observed, but the nuclei are not 

differentiated. In this respect the method of teasing is less 
favorable than wax plate reconstruction, since in the latter a 

very complete series of sections is a necessity. However, the 
proximal convoluted portion of the birds renal tubule is readily 

recognized and presents a structure which is similar to that 
shown for this tubular segment of the mammalian renal tubule. 

In the three renal tubules presented in figure 15, the proximal 

convoluted segments of each tubule terminate at the upper 
limits of the figure, at the region indicated by a small cross. 

This tubular segment is followed by a relatively thin tubular 
portion, comparable to the thin arm of the medullary loop of 

the mammalian renal tubule, though its epithelium is not of a 
distinctly squamous type. This segment, which may be known 

as the intermediate segment, in the majority of the tubules com- 

pletely or only partially teased presents a number of small loops, 
difficult to unravel. This intermediate segment is followed by 

the distal convoluted portion, consisting of a number of com- 

pactly arranged loops and coils, also forming a portion difficult 
to tease. In the three tubules figured this portion is presented 
as unroled and forms the most dependent part of each of the 

three figures. By means of the connecting or junctional tubular 

segments, the distal convoluted portions join the respective 
collecting ducts; the distal end of the collecting ducts in the 

peripheral portions of the lobule, coursing nearly parallel to the 
dorsal surface of the lobule and receiving connecting tubules 
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at short intervals. This may in part be seen in A, of figure 15, 

in which a short segment of a terminal collecting duct, receiving 

four connecting or junctional tubules is shown. ‘The entire 

length of tubule A, figure 15, as measured from the drawing is 

6.5 mm. In figure 16 is reproduced a drawing of a tubule com- 
pletely isolated from a small portion of tissue taken from the 

periphery of one of the lobules. The parts indicated for the 
tubules described under figure 15 are present in this tubule, 

though it was found as a much more compact mass before teasing, 

and is mounted spread out in nearly a single plane. The entire 

length of this tubule is approximately 8 mm., of which 4 mm. falls 

Fig. 16 Renal tubule from bird, Gallus domestica, teased from the periph- 
eral portion of a renal lobule. X40. The proximal convoluted segment, proz.con., 

and the distal convoluted sgement, dis.con., are here clearly represented. 

to the proximal convoluted portion. In the figure of this tubule, 
the two coils complexes constituting the proximal and distal 
convoluted segments, are clearly seen in the two distinct groups 

of loops forming the right and left part of the figure. In figure 
17, is presented a drawing of a completely isolated tubule with 

a portion of the connected duct system, taken from the more 

peripheral portion of the central part of a lobule. This tubule 
approaches in form and arrangement of parts a mammalian 

renal tubule, having a short medullary loop which presents, 
however, a number of small secondary loops. The renal cor- 
puscle is of sperical form and is relatively larger than in the 

tubules shown in figures 15 and 16. The initial portion of the 
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proximal convoluted segment extends toward the ventral por- 
tion of the lobule toward the region of the medulla, then returns 

toward the periphery of the cortex to form an extended loop with 
many secondary, smaller loops. The length of this proximal 
convoluted segment, which forms the coil complex at the left 
of the figure and extends from the renal corpuscle to the region 

Fig. 17 Renal tubule of the bird, Gallus domestica, completely isolated by 
teasing, showing transition from reptilian to mammalian type or renal tubule. 

40. rc., renal corpuscle; prox.con., proximal convoluted segment; med.l., 
medullary loop; dis.con., distal convoluted segment; con.t., connecting tubule; 
col.d., collecting duct. 

where the tubule becomes suddenly thinner, is approximately 
7.5 mm.; thus approaching the length of the proximal convoluted 
segment of the mammalian renal tubule. The medullary loop 

of this tubule is relatively short, having a length.of 1.8 mm. and 

ending in the region where the tubule again increases in size; 
about the middle of the figure. This segment is followed by a | 
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second coil complex, forming the distal convoluted portion, 

practically unrolled as presented in this figure, in reality forming 

a compact coil complex, and leading to a relatively long con- 

necting or junctional tubule ending in the collecting duct. The 

entire length of this tubule is approximately 13 mm. In figure 

Fig. 18 Renal tubule of the bird, Gallus domestica, isolated by teasing. 

< 40. This renal tubule possesses a short medullary loop, presenting short 

loops in the distal arm. The different segments are so placed as to be easily 

recognized. Figure legends as for figure 17. 

18 is reproduced a tubule which was very successfully mounted 
with reference to exposing the several segments of the tubule, 

which is very similar to that shown in figure 17, though it was 

broken in teasing just distal to the distal convoluted portion, 
so that its relation to the collecting duct cannot be shown. ‘The 
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relatively large renal corpuscle of spherical form, the long proxi- 

mal convoluted segment, arranged in the form of a long loop 
with numerous secondary loops, the short medullary loop and the 
distal convoluted portion, are clearly seen in this figure. This 

tubule, to the extent contained in the figure, has a length of 

13.5 mm., to which perhaps 1 mm. need be added to complete 

the length to the collecting duct. Of this length, 8 mm. falls 
to the proximal convoluted portion. Tubules very similar 

in form and relation of parts to those reproduced in figures 17 

and 18 may be found in the peripheral cortical portion of the 

mammalian kidney, especially in the human kidney, in which 

tubules are found which do not pass the limits of the cortex. 

In figure 19, is reproduced a camera lucida drawing of a renal 
tubule from the bird, taken from the central portion of one of the 
kidney lobules. This preparation was very successfully teased 
and is permanently mounted just as shown in the figure, in which 

the several segments are so placed that their course may be 
followed with ease. This renal tubule of the bird is representive 
of the type of avian renal tubules, which in general form, sequence 

and relation of parts, relation to cortex and medulla is in essentials 

very similar to a mammalian renal tubule. The figure seems — 
to me so clear that lengthy discussion is unncessary. The rel- 
atively large renal corpuscle, of spherical form, joins the proxi- 

mal convoluted portion by means of a short neck. The proximal 
convoluted portion is arranged in the form of a long loop, with 

numerous secondary loops, extending toward the periphery of 

the cortex and returning to the vicinity of the renal corpuscle and 
for a distance into the medulla. The length of this tubular 
segment, from renal corpuscle to the region of the small cross, 

is approximately 8.5 mm. The medullary loop (loop of Henle) 
extends for a distance into the medulla. In the teased prepara- 

tion it was not possible to determine definitely the character 

of its epithelium, though the proximal arm appears stained 
slightly lighter than the distal arm as though lined by a thinner 

epithelium. The distal arm returns toward the cortex and 

comes in close relation with the renal corpuscle of the tubule, 
this relation is not shown in the mounted preparation but was 
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cont ...- 

Fig. 19 Renal tubule of bird, Gallus domestica, isolated by teasing from the 

central portion of a renal lobule. X 40. This tubule is of the mammalian type 
of avian renal tubules. re., renal corpuscle; prox.con., proximal convoluted seg- 
ment; med.l., medullary loop; dis.con., distal convoluted segment; con.t., con- 

necting or junctional tubule; col.d., collecting duct. 
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ascertained before the tubule was completely teased. The 
length of the medullary loop with the ascending limb to begin- 

ning of distal convoluted portion (coil complex, upper right of 

figure) is 3.6-mm. The distal convoluted portion, upper right 

of figure, presents two more prominent loops each with several 
secondary loops. Before teasing, this portion was compactly 

arranged and has a length of 2.2 mm. It is followed by a long 

connecting or junctional tubular segment leading to the col- 

lecting duct, and adding 1.2 mm. to the length of the tube. As 

may be seen from the figure a portion of the collecting duct 
system was isolated in connection with the tubule figured. The 

branches of the collecting duct figured represent other renal 

tubules connecting with the same. ‘The entire length of this 
tubule is approximately 15.5 mm., as measured from the draw- 

ing. In figure 20, is reproduced a camera lucida drawing of 
the longest renal tubule of the bird isolated. It comes from the 

central portion of a renal lobule. In trying to mount perma- 

nently this preparation, I endeavored to adjust slightly the posi- 

tion of the renal corpuscle, with the result that the renal tubule 
was broken in two places in the immediate vacinity of the renal 
corpuscle. The broken pieces, represented by dotted lines, — 
were brought to place as shown in the figure. This tubule is 

not so favorably placed in the permanent mount as the one shown 

in the previous figure. However, it is thought that the different 
parts can be traced. The tubule shown in figure 20, presents 

the following measurements—proximal convoluted portion, 

7.5 mm.; medullary loop with distal ascending limb to beginning 

of distal convoluted portion—6.5 mm.; distal convoluted seg- 

ment—2.2 mm.; connecting or junctional segment—2 mm.; 

giving the entire tubule from renal corpuscle to collecting duct 

a length of 18.2 mm., which is somewhat over half the length of 

the longest mammalian renal tubule isolated by me. In figure 

21, is shown a camera lucida drawing taken from the most 

Fig. 20 Renal tubule of the bird, Gallus domestica. Mammalian type of 

avian renal tubules; isolated by teasing. Tubule was broken in making per- 

manent mount; broken parts outlined in dotted lines. X 40. Figure legends 
as in figure 19. 
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successful teased preparation of the duct system of the bird’s 

kidney made by me. The preparation came from the central 

portion of a renal lobule and traces one of the main collecting 
ducts through its several branches to and including the end 

segments of renal tubules ending in this portion of the duct 

system. Many of the main branches of this duct are not traced 

to their termination in this figure, but extend to the peripheral 

and lateral portions of the renal lobule receiving the renal tubules 

which have been described as showing a reptilian type of renal 

tubule. It will be observed that the renal tubules of the bird 

end in the several divisions of the duct system, those ending 

deep in the medulla having long connecting or junctional tubules 

as shown in figures 19 and 20. 

A study of the figure of the avian renal tubule as here presented 

may serve to show that in the birds kidney, there is found a 

transition, so far as concerns the form of the renal tubule, from 

the reptilian type of metanephrie tubule to the mammalian type 

of the metanephric tubule. A study of the vascular supply, 

with the use of the modern corrosion methods is very desirable. 

Zarnik gives a good account of the blood supply of the reptilian 
kidney, I believe as far as concerns the terminal branches of the 

renal artery and their relation to the renal tubule of the mammal- 
ian kidney, my own account gives correctly the essentials. It 

is desirable, therefore, that the details of the blood supply of 

the avian kidney be equally carefully studied. It is hoped that 

opportunity will present itself to do this in this laboratory or 

that some other laboratory will undertake this investigation. 

Fig. 21 Primary collecting duct with branches, teased from the center of a 

renal lobule of the bird, Gallus domestica. The tortuous tubules, upper part of 
figure, represent distal convoluted and junctional segments of renal tubules. 

Fig. 22 Renal tubule of rabbit, isolated by teasing. X 20. rc, renal cor- 

puscle; prox.con., proximal convoluted segment; med./., medullary loop, from 

x to X of this loop, the thin segment lined by squamous epithelium. dis.con., 
distal convoluted segment. The tubule ends just distal to distal convoluted 

portion. 
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METANEPHRIC TUBULES OF MAMMALS 

It is not my purpose to discuss here fully the renal tubules 
of the mammalian kidney. This has been done relatively re- 

cently by Karl Peter'® in his comprehensive monograph, by 

Inouye'® in an addendum to the Peter monograph, by Zarnik in 

his report on the renal tubules of Echidna and by myself, my 

report being based on completely isolated renal tubules of the 
rabbits kidney. However, in order to make this series of renal 

tubules of vertebrates complete in this one article, there is here 

given in figure 22, a new drawing of tubule B, of plate I, aecom- 

panying the contribution—‘A method for isolating the renal 

tubules of mammalia’’ (Huber)? reproduced here at a magni- 

fication of 20 diameters, one-half of the magnification used in 

reproducing the renal tubules of birds, and one-fourth of the 

magnification used in the reproduction of the renal tubules of 

the other vertebrates studied. From the text of the article 

mentioned it may be learned that the mammalian renal tubule 

here shown, and which may be taken as a type tubule, has a 

total length of 23 mm. It presents a mammalian renal tubule 

of medium length. One, the renal corpuscle of which is situated 

at about the mid level of the cortex. In this tubule, the proximal 

convoluted portion with the medullary segment has a length of 

9.4 mm.; the thin portion of the medullary loop, a length of 6.7 

mm.; the thicker portion of the ascending limb of the medullary 

loop to the level of the renal corpuscle a length of 6.0 mm.; the 

distal convoluted segment a length of 0.9 mm. The tubule 

was isolated completely and mounted in the position as drawn! 

to just beyond the distal convoluted portion. The connection 

or junctional segment is thus missing. This would add approxi- 

‘© Peter, Karl. Untersuchung itiber Bau und Entwickelung der Niere. 

(Karl Peter, Die Nierenkanilchen des Menschen und einiger Siugetiere.*, Michio 

Inouye, die Nierenkanilchen des Rindes und des Triimmlers. Gustav Fischer, 

Jena, 1909. 

"In the figure as here given, the loop in the lower end of the medullary loop, 

as drawn in tubule B, plate 1, Anat. Rec., vol. 5, is eliminated. This was done 
by first drawing the lower end of the medullary loop as found in the preparation, 

then placing a string over the tracing then extending the string in the form of 

a simple loop, as given in figure 22. 
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mately 1 mm. to the total length of this tubule. The epithelium 

characterizing the different segments of the mammalian renal 

tubule, I have discussed in the former publication as also the 

position of the different segments in the kidney substance and 

their relation to each other. 

A careful investigation, with the use of appropriate macera- 

tion and teasing methods of the renal tubules of a number of 

mammals is still desirable. Peter has called attention to the 

difference in structure of the two arms of the medullary loop and 

of the loop itself in different mammals and in the same kidney for 

tubules of different lengths. This I have confirmed, but not 

in preparations showing renal tubules, completely isolated, so 

that the comparative and total length of the different segments 

of a given renal tubule could be given; which is much to be desired. 

Other parts of the renal tubules of mammals vary in detail of 

structure. In the guinea pig, for instance, the distal convoluted 

portion has a diameter which is approximately the same as that 

of the proximal convoluted portion, though it is much shorter, 

differing in this respect from that of the rabbit. The close 

relation existing between structure and function makes it de- 

sirable to be fully informed as to the details of structure of the 
different segments of the renal tubules. 

It is hoped that this series of figures, brought together in 

limited space, presenting type forms of the renal tubules of the 

different classes of vertebrates, may not be without value to both 

students of morphology and functions. 
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SIX FIGURES 

There exist in the literature numerous contributions dealing 

with the form and distribution of the gustatory papillae in verte- 

brates and with the structure and innervation of the gustatory 

buds. ‘This literature is foreign to the problem here under dis- 

cussion and will not receive consideration at the present time. 

Relatively few observers have dealt with the development of the 
gustatory papillae, and fewer still have considered the develop- 

ment of the papilla foliata of the rabbit or of other forms in which 

this type of gustatory papilla is prominent. v. Wyss! who was 

the first to call attention to the details of structure of the papilla 

foliata of the rabbit and the great number of gustatory buds there 

found, makes only incidental mention of its development, stat- 

ing that it is quite well formed in the new born rabbit and con- 

tains taste buds which have, however, a more rounded form and 

are smaller than in the grown animal. Lustig? states that with 

the aid of a lens he was able to recognize the papilla foliata in 

rabbit embryos having a length of 6 mm. to 7.5 mm. and that 

they are more developed in 10 mm. rabbit embryos, however, 

that it was not possible for him so define the taste buds. A fairly 

comprehensive account of the development of the papilla foliata 

of the rabbit is given by Hermann.’ This observer found that 

'y. Wyss. H., Die becherférmigen Organe der Zunge. Arch. f. Mik. Anat., 

vol. 6, 1870. 

* Lustig, A., Beitriige zur Kenntniss der Entwickelung der Geschmacksknospen. 

Sitzungsber. Akad. d. Wissensch, Viena, Math. Nat. Classe, vol. 89, ISS4. 

*Harmann, F., Beitrag zur Entwicklungsgeschichte des Geschmacksorgans 

beim Kaninchen. Arch. f. Mik. Anat., vol. 24, 1885. 

341 



342 G. CARL HUBER AND ARNOLD H. EGGERTH 

the papilla foliata was first recognizable in rabbit embryos hay- 
ing a length of 54 mm. (age, about twenty-three days), as an oval, 

slightly elevated area, with long axis horizontal and with faint 
grooves having a vertical direction. In longitudinal sections, 

papillae formed by simple infolding of the epithelium were 
observed. In embryos having a length of 70 mm. (about twenty- 

four days) the foliate area is no longer quite horizontal in posi- 

tion, its posterior end being nearer the median line. The epithe- 
lial papillae are longer and broader, the primary infoldings pre- 

senting at about the middle of their depth, on each side, a slight 

projection, most fully developed in the middle of the area. In 

embryos having a length of 95 mm., thus only a few days before 

birth the slight projectings of the primary folds have developed 

into secondary folds and the anlagen of the serous lingual glands 

are evident. In the new born rabbit the secondary folds of the 

papillae are longer, the whole area, however, presenting essenti- 

ally the same appearance as that found in a 95 mm. rabbit. 

In its main feature, we confirm the observations of Hermann. 

As a result of a comparative study Briichert concludes that the 

prototype of the gustatory papillae is the papilla fungiformis, 

out of which developed both the p. vallata and the p. foliata, 

since transition forms are observed. Gmelin® on the other hand, 

also as a result of a comparative study, concludes that the 

p. vallata is not developed from the p. fungiformis, nor the p. 

foliata from the p. vallata, but that both p. vallata and p. foliata 

are independent in their origin, each having its special seat of 

development, and that transition forms are not observed. Hoff- 

mann,® Tuckermann,’? and more recently, Graberg,’ have pub- 

‘ Briicher, Uber die Vertheilung und Anordnung der Geachmacks-papillen 

auf der Zunge der Sfiugethiere, spec. der Hufthiere. Deutsch. Zeitsch. f. Thier- 

med, u, verg. Path., vol. 10, 1884. 

*Gmelin, Zur Morphologie der Papilla vallata und foliata. Arch, f. Mik. 

Anat., vol. 40, 1892. 

* Hoffmann, Uber die Verbreitung der Geschmacksorgane beim Menschen. 

Arch. f. Path. vol., 62, 1875. 

?Tuckermann, F., On the development of the taste-organs of man, Jour. 

Anat. Phys., vol. 23, 1889. 
*Gr&berg, J., Beitriige zur Genese der Geschmacksorgane des Menschen. 

Morphol. Arbeit., vol. 8, 1898. 
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lished concerning the development of the vallata papillae of 

man, but since their observations bear only incidentally on those 

here recorded their publications will not receive review here. 

M. Heidenhain,’:'° has in two relatively recent communications 

considered very fully certain aspects of the papilla foliata of the 

rabbit. Certain points discussed is these articles may here be 

touched on. He finds the foliata area of the grown rabbit to 

be of pear or egg-shape, with the narrower end directed caud- 

ally, the rounder end forwards. The folds, of which there are 

about 16, run from the ventral to the dorsal border, diverging 

somewhat dorsally, with the longer ones having a slight curva- 

ture. Bifurcation of the folds was observed. This division of 

folds he recognizes as indication of a developmental process. 

This thought he expresses as follows: ‘‘Wir halten es daher fur 

méglich, dass die Leisten Histosysteme sind deren Anlage, im 

Laufe der Entwicklung durch spaltung vermehrt werden, so 

dass gelegentlich—bei unvollkommener Sonderung—Gabelun- 

gen entstehen.” 
Though familiar with Hermann’s observations on the develop- 

ment of the papilla foliata in the rabbit, before our investigation 

was undertaken, it occurred to us that a careful study of the 

morphogenesis of the foliata area was still desirable, especially 

if free use was made of the Born wax plate reconstruction method, 

and a complete series of timed stages, ranging from the time of 

its first appearance as a definite area to the time of birth could 

be commanded. It seemed to us desirable to determine whether 

a definite pattern of epithelial folds was here present, whether 

the area had its anlage as whole or spread by peripheral growth 

with increase of the numbers of folds, as well as to determine 

more definitely the morphogenesis of the folds and the relations 

of the serous lingual glands to them. ‘To do this it was found 

necessary to reconstruct by means of the Born plate method the 

® Heidenhain, M., Untersuchungen itiber die Teilkérpernatur der Geschmacks- 

knospen in der Papilla foliata des Kaninchens. Anat. Anz., vol. 45, 1914. 
1° Heidenhain, M. Uber die Sinnesfelder und die Geschmacksknospen der 

Papilla foliata des Kaninchens. Beitriige zur Teilkérpertheorie, III. Arch. f. 

Mik. Anat., vol. 85, 1914. 
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entire foliate area in a number of stages of development. The 
models here figured were prepared by Mr. Eggerth and con- 

stituted a part of the work required toward a Master of Arts 
degree with major in Anatomy. 

All of the observations here recorded are based on timed mate- 
rial. For the 18, 19 and 20 day stages, frontal and sagittal series 
of heads of embryos rabbits were used, fixed in Carnoy’s fluid 

and stained on the slide in iron hematoxylin and Congo red. 

For the stages covering 21 day to 30 day embryos, the lower jaw 

with tongue and larynx (for younger stages), the tongue and 
larynx (older stages) were removed and fixed in Yoshii’s fluid. 

The material derived from the 21 day and 22 day embryos was 

sectional so as to obtain frontal sections of the tongue; approxi- 

mately longitudinal sections of the foliata areas. For all other 

stages the foliate area with a block of underlying muscle was 

excised, oriented in the paraffine block so that longitudinal 

sections, at right angle to the main folds, might be cut. Com- 

plete series of sections, 4u or 5y in thickness of all stages, cut 

by the water-on-the-knife method with sliding microtome, were 

at our disposal. These were stained, some of the series in iron 

hematoxylin, others in Minot’s hematoxylin and counterstained 

in Congo red. For complete series of relatively thin sections, 

the water-on-the-knife method with sliding microtome is especi- 

ally recommended in preference to series cut on a rotary micro- 

tome, especially if the series are to be used, for reconstruction 

purposes. The models, though very time consuming in their 

preparation, presented no special difficulty in execution. They 
were made at a magnification of 300 diameters with thickness 

of the plates adjusted to meet the needs. The figures of the 

models, greatly reduced in reproduction, present the configura- 

tion of the epithelium of the foliate area as viewed from the 
under or mucosal side. A series of drawings of the epithelial 

border, taken from approximately the center of the papilla 

foliata of the several stages studied, from longitudinally cut 

series, is presented is figure 1. These figures may with profit 

be compared with the figure of the model for the equivalent 

stage, since for the stages modelled, the drawing for the respective 
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Fig. 1 Drawings of the epithelial border with the underlying mucosa of the 

foliate area of a rabbit embryos of different stages of development. A and B, 

X 100; C to J, X 50. A, from rabbit embryo of 18 days; B, 20 days; C, 21 days; 

D, 23 days;E, 24 days; F, 26 days; G, 27 days; H, 28 days; J, 29 days; J, 30 days. 
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stage was taken from one of the sections of the series used in the 

preparation of the model covering that stage. 

In presenting our own observations we will begin with the 

consideration of the stage in which the foliata area is first recog- 

nized and proceed in serial order of stages to the time of birth. 

It has appeared to us that the areas in which the foliate papillae 
develop, may be recognized before the appearance of the pri- 

mary epithelial folds characterizing these areas. In a series of 

frontal sections, including the posterior portion of the tongue 

of a rabbit embryo of 18 days, a slightly elevated, oval area may 

be fairly clearly delimited on the lateral and dorso-lateral 

surface of the posterior part of the tongue, in front of the de- 

veloping larynx and in front of the arcus palatoglossus of each 
side. In A, of figure 1, there is presented a drawing of the 

epithelium of approximately the middle section passing through 

the right pre-foliate area. A study of this series permits the 

conclusion that the epithelium of the anterior part of this area 

is cut in fairly accurate cross-sections, while that of the posterior 

part is cut slightly obliquely. This area, as the figure may serve 

to show, is covered by squamous epithelium, which in the pre- 

foliate area is slightly thicker than in the region anterior and 

posterior to this area. Ina series of frontal sections of the tongue 
of a rabbit embryo of 20 days, the foliate area is clearly recog- 

nized, as may be observed from a study of section B, of figure 1. 

The foliate areas present at this stage, on the under surface of 

the epithelium, a series of epithelial folds which clearly char- 
acterize these areas. The drawing was made from approximately 

the middle of the series of sections passing through the right foli- 

ate area of this stage. The section drawn presents a fairly 

accurate cross-section of the epithelium, but passes slightly 
obliquely through the area, not quite parallel to its long axis. 

That the 10 or 11 fairly well formed epithelial papillae, as seen 

in the sections, are in reality sections of epithelial folds is readily 

determined by graphie reconstruction and is corroborated by a 

study of a series of sagittal sections of the head of a rabbit embryo 
of 19 days in which the foliate areas are cut tangentially with 

reference to the epithelial surfaces, so that the epithelial folds are 
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cut longitudinally for a short distance. The primary folds of the 

foliata areas, therefore, make their appearance about the 19th 

day of the rabbits’ development and are clearly indicated on the 

under surface of the epithelium by the 20th day, although there 

is no definite indication of such epithelial folds on surface in- 

spection, even when viewed with the aid of a stereoscopic bin- 
ocular. The impression is gained that these folds spring into 

existence relatively suddenly as if by a folding of the under 

layer, the germinal layer, of the epithelium. As the figure 

may serve to show, the folding does not involve the entire thick- 

ness of the epithelium and there is observed no unusual number 

of mitotic figures in this foliate area. The mechanism we are 

unable to determine positively. In a study of the series of 
stages shown is figure 1, if should be recognized that A and B 

of this figure were drawn at a magnification of 600 diameters, 

while all the other sections were drawn at a magnification of 300 

diameters, the whole figure being reduced to the same extent in 

reproduction. For the next stage, that of a 21 day rabbit 

embryo, we are able to present a figure of a model showing the 

under surface of the epithelium one of the foliate areas as well 

as a drawing of one of the series of sections from which this 

model was made. In figure 2 is reproduced a photograph of 

the under or mucosal surface of a model representing a cast of the 

epithelium of the right foliate area and immediate surroundings, 

made at a magnification of 300 diameters. The right foliate area 

was cut from the tongue of a rabbit embryo of 21 days, oriented 

in the paraffine block so as to enable obtaining cross-sections of 

the major folds, shallow grooves on the surface, clearly evident 

under the stereoscopic binocular indicating the direction of 
these folds. From the finished reconstruction it is learned that 
the line of the sections is not parallel to the long axis of this 

foliate area. This is to be given cognizance in interpreting C, 

of figure 1. a drawing of the epithelium of one of the sections of 

this area, which does not present a section through its longest 

axis, though taken from about the middle of the series and as 

shown by the model, passes almost exactly at right angles to the 

long axis of the major folds. In figure 2, the foliate area proper 
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is readily delimited. The dorsal border of the area is directed 

upwards and the anterior border to the left. To the left and 
left upper portion of this figure the presence of epithelial pits, 

which received mucosal papillae may be observed, ventrally 

and posterior to the foliate area, the mucosal surface of the 

epithelium is fairly smooth. The foliate area as reconstructed 
presents an elongated egg-shape and in general contour, except 

for width, and in configuration is not unlike the foliate area of 

an adult rabbit as figured by Heidenhain'® in his text figures 

d, e and f. In this area, as the figure of the model may serve 

to show, there are present at least 15 primary epithelial folds. 

It may further be observed that there is at this stage division 

or bifurcation of certain of the primary epithelilal folds, both in 

a dorsal and in a ventral direction as also figured and discussed 

by Heidenhain, for the foliate area of the adult rabbit. The 

fact that about as many primary epithelial folds are present in 

the foliate area at this early stage in development as in the adult 

rabbit would seem to indicate that these primary epithelial 

folds may be regarded as ‘Histosystems’ in Heidenhain’s termin- 

ology; further, the fact that about as much splitting or bifur- 

cation of the primary epithelial folds is to be observed at this 

stage as in the adult rabbit may serve to indicate that the num- 

ber of the primary epithelial folds is not materially increased by 

longitudinal splitting of folds of earlier stages of development. 

As may be observed from the figure, the primary epithelial 

folds converge toward about the middle of the ventral border, 

and the major folds present a slight curvature directed toward 

the front of the tongue, very much as described by Heidenhain 

Fig. 2 Photograph of the mucosal surface of a wax plate reconstruction of 

the epithelium of the right foliate area of a rabbit embryo of 21 days. Magni- 

fication approximately 50 diameters. 
Fig. 3 Photograph of the mucosal surface of a wax plate reconstruction of the 

epithelium of the right foliate area of a rabbit embryo of 23 days. Magnification 
approximately 50 diamteres. 

Fig. 4 Photograph of the mucosal surface of a wax plate reconstruction of the 

epithelium of the left foliate area of a rabbit embryo of 24 days. Magnification 

approximately 50 diameters. Note the anlagen of the serous lingual glands in 

the center of the foliate area. 
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for the adult rabbit. Section C, of figure 1, presents a drawing 

of the epithelium of approximately the middle of the series from 
which the model of figure 2 was made. The section is so placed 
that the epithelium bordering the anterior part of the foliate 
area is directed toward the left, as with all the sections of the 
series shown in figure 1. Perhaps 13 definite primary epithelial 

folds as seen in cross-section, may be observed in this figure. It 

should be observed that the shallow grooves, described as seen on 

surface view of this foliate area, fall over the center of the epithe- 

lial folds, and are the grooves into which empty the serous lingual 

glands in later stages of development. The primary mucosal 

folds interdigitate with the primary epithelial folds. The series 

of sections of the foliate areas of a rabbit embryo of 22 days are 

in all respects so similar to those of the 21 day stage just de- 

scribed, that a special consideration of the 22 day stage may 

here be dispensed with. The 23 day stage was reconstructed 
from an excellent series of sections which pass almost at right 

angle to the major primary epithelial folds and give the epithe- 

lium of this area in very good cross-section. The under sur- 

face of the model of the epithelium is presented in figure 3, the 
accompanying section drawing in D, of figure 1. Figure 3, 

thus shows the mucosal surface of the right foliate area of a — 

rabbit embryo of 23 days, with the surrounding epithelium. 

There are found 16 well formed primary epithelial folds, three of 

which show division in a dorsal direction. These folds are well 

formed and clearly defined and are so clearly portrayed in the 

figure that a detailed consideration of them is deemed unneces- 

sary. At the lower border of the figure there may be observed 

the anlage of a mucous gland, budding from the epithelium just 

ventral to the foliate area. Three such gland anlagen are ob- 

served in the model only one of which is seen in the figure. The 

mucous glands of the posterior and posterior ventral part of the 

rabbit’s tongue thus have their anlagen at an earlier stage of de- 

velopment than do the serous lingual glands of the foliate area. 

When section D, of figure 1, (23 days) is compared with section 

C (21 days) of this figure, it will be observed that the primary 

epithelial folds as seen in sections, are deeper in the older stage, 
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though of essentially the same form. The primary mucosal 

folds are likewise better developed in the older stage. It may 

be observed from a study of the figure that nearly every primary 

mucosal fold carries near its crest a capillary loop, which capillary 
loops, for relatively long distances, course parallel to the epithe- 

lium. We have included a reconstruction and drawing of a 

section of a foliate area of a rabbit embryo of 24 days, in that in 

this stage there is observed the first indication of the anlagen 

of the serous lingual glands also characteristic changes in the 

primary epithelial folds are seen. In figure 4, is reproduced 

the mucosal surface of a reconstruction of the epithelium of the 

left foliate area of a rabbit embryo of 24 days. (In comparing 

figures 4, 5 and 6, with the figures 2 and 3, it will be noted that 

figures 2 and 3, are of the right foliate area, while the other 

three figures, 4, 5 and 6, are of the left area. The pitted under 

surface of the epithelium, mucosal pipillae, indicates the region 
anterior to the foliate area. In the sections of all the stages 

figured in figure 1, the anterior border is to the left of the figure, 

so as to make a comparison of sections more easy.) This area 

present perhaps 16 primary folds, several divided folds may be 

seen, one of which divides ventrally. The general arrangement 

of the primary epithelial folds is clearly indicated in the figure. 

Especial attention is drawn to the serated edge of the middle 

portions of the longer, centrally placed folds. The folds, in this 

region present on their crests short bud-like protrusions recog- 

nized as anlagen of the serous lingual glands. As is evident 

from the figure, these glands appear first in the more central 

region of the foliate area. Hermann has previously stated that 

the central region of a foliate area is most fully developed. To 

the right and ventral in this figure there may be observed the 

anlagen of several mucous glands, distinctly longer than the 

serous lingual glands, presenting bulbous ends, having an epithe- 

lium which enables their recognition as mucous glands. In 

several of the more centrally placed primary epithelial folds, 

as seen in the reconstruction, there may be observed about mid- 

way down the respective fold, a narrow shelf passing along each 

side of the respective fold. These represent the first indication 
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Fig. 5 Photograph of the mucosal surface of a wax plate reconstruction of 

the epithelium and ducts of the serous lingual gland of the foliate area of a rabbit 

embryo of 26 days. Magnification approximately 50 diameters. 

Fig. 6 Photograph of the mucosal surface of a wax plate reconstruction of the 

epithelium and ducts of the serous lingual glands, with the primary and secondary 

epithelial folds of the foliate area of a rabbit embryo of 30 days. Magnification 

approximately 50 diameters 
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of the secondary epithelial folds and are much more clearly 
discerned in the drawing of one of the sections of the series from 

which this model was made, F, of figure 1. In this section, the 

epithelium bordering the anterior part of the foliate area is 
directed toward the left while in the model, this region, recog- 
nized by the epithelial pits, is directed towards the right. This 
series of sections is cut almost parallel to the long axis of the 

foliate area and present good cross-sections of the epithelium 
of the more central part of the field. It will be observed on 
comparison with the former sections, that the primary epithelial 

folds are deeper than in earlier stages and that they are 
thicker and broader in their basal portions, this thickening ex- 

tending to about half the depth of the respective epithelial 

fold. The lower border of this thickening on each side of 
a primary epithelial fold marks the anlagen of the second- 

ary epithelial folds; much more clearly seen in older stages. 

It may be observed that certain of the primary epithelial folds 
extend for a greater distance into the mucosa than to others. 

These longer ‘folds’ indicate regions in the preparation in which 
the plane of section included serous lingual gland anlagen. The 

two series of sections of the 25 day stage were both cut quite 
obliquely to the long axis of the respective foliate areas, and thus 

also the primary epithelial folds, giving these folds a broader 

contour than is warranted from a study and part graphic re- 
construction of these series. A figure of this stage is not in- 

cluded. This stage shows only a very slight advance in develop- 
ment over that shown for the 24 day rabbit embryo. The stage 
of the 26 day rabbit is presented both in model and in section. 
The model reproduced in figure 5, is of the left foliate area of a 
26 day rabbit embryo. There are present in all 15 well developed 
primary epithelial folds and two less fully developed ones. The 
secondary epithelial folds are more fully developed, extending 
deeper into the mucous, than in the 24 day stage, though these 
secondary epithelial folds are somewhat difficult to discern 
in the figure of the model in that they are hidden by reason of 
the compactness of the folds; on study of the model itself, they 
are clearly recognized and may be seen in the section of this 
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stage to be discussed presently. The serous lingual glands 

show marked increase in length, many having pierced the muscula- 

ture of the tongue for quite a distance, having bulbous, but as 

yet unbranded ends. ‘There is also observed a marked increase 

in the number of the glands, no less than 140 gland ducts 

are to be counted in the reconstruction of this area. The ducts 
of these glands arise from the crests of the primary epithelial folds. 

A number of large mucous glands are evident to the left and 

lower left in the figure, just outside of the folds limiting the 

foliate area. A typical section of the epithelium, taken approxi- 

mately from the middle of the series from which the model was 

made is shown in drawing /’, of figure 1. The thickened bases of 

the primary epithelial folds, with distinct indications of the see- 
ondary epithelial folds, are easily recognized in this figure. In 

this figure many of the primary epithelial folds extend as gland 

ducts into the mucosa, and certain ones beyond the limits of the 

drawing, which includes the mucosal layer to the upper level of 

the tongue musculature. It is requested to note the positions 

of the capillary loops in the crests of the primary mucosal folds 

as seen in figure 1, /', and compare the same with the positions 

of the capillary loops in the crests of the simpler mucesal folds 

as seen in figure 1, D. ‘The relative position of these capillary 

loops remains constant and thus enable an interpretation of the 

morphogenesis of the epithelial and mucosal folds. In the rabbit 

embryo of 26 days the foliate areas are readily recognized with 
the unaided eye. Since, as may be observed from a study of the 
section as drawn in F, of figure 1, the surface grooves have ac- 

quired depth, giving the upper border of the section a distinctly 

scalloped appearance; it will also be observed that these surface 

grooves are situated over the middle of the primary epithelial 

folds from the crests of which bud the serous lingual glands. 

Drawings G, H and J, of figure 1, are from series of sections of the 

foliate areas of rabbit embryos of 27, 28 and 29 days, respectively. 

They are inserted mainly to give details of the development 
of the secondary epithelial and the secondary mucosal folds, 

developing—the epithelial folds—from the bases of the primary 

epithelial folds with which they run parallel. In each figure 
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the positions of the capillary loops is to be noted. It will be 
seen that the secondary epithelial folds are clearly indicated in G, 

of figure 1, they are longer and more distinct in H, of this figure 

and in section J, in figure 1, appear in cross-sections as distinct, 

slender papillae, diverging slightly from each side of the bases of 

the several primary epithelial folds; these slender papillae 
representing cross-sections of the secondary epithelial folds. 

The serous lingual glands have acquired length during these 

stages extending now deeply into the tongue musculature, show- 

ing bulbous or branched ends and evidence of the presence of a 

lumen in many of them. In figure 6, is shown a reconstruction 

of the left foliate area of a rabbit embryo of 30 days, removed 

from the uterus just prior to birth. It represents the oldest 
“stage modelled and gives the mucosal view of the epithelium of 

a foliate area which in many respects is like that of a foliate 
area of an adult rabbit. This area presents 16 primary folds 

and toward the right of the figure several small folds which have 
the same general directions as do the foliate folds, but without 

presenting their morphology in that they are not accompanied 

by secondary folds and have not given origin to serous lingual 

glands. This area has spread out to such extent, in course of 
development, that the secondary epithelial folds are clearly 

seen, as running parallel to each side of the respective primary 

epithelial folds. The positions of the primary and secondary 

mucosal folds can easily be depicted in that they fill the clefts 

bounded by the epithelial folds. Approximately 200 ducts of 

serous lingual glands are counted in this reconstruction, probably 

about the number present in a foliate area of the.adult rabbit. 

The backward turn of the ducts of the serous lingual glands of 
the most posterior portion of the foliate area, to the left in figure 
6, is to be noted. At this stage the ducts lead to the surface of 
the epithelium and do not empty at the bottom of the deep 
clefts as found in the grown and fully developed area. It seems 
reasonable to conclude although we have not at our disposal 
the necessary stages to substantiate this conclusion, that the 

deep clefts separating the surface folds of the fully developed 

foliate area, are in part formed through a desquamation of the 
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epithelium separating the duct lumina as they pass through the 

epithelium to the surface. In section J, of figure 1 is given 
a drawing of the epithelial border and underlying mucosa of 

approximately the middle section of the series from which the 
model in figure 6 was made. This section is in direction nearly 

parallel to the long axis of the foliate area sectioned and cuts 
the major folds at right angle, presenting also a good cross-section 

of the epithelium. This figure is in a large measure self explana- 
tory, primary and secondary epithelial and mucosal folds are 

clearly discernible as are also the ducts of the serous lingual 

glands. It should be noted that in the fully developed foliate 

area, the capillary loops found in the crests of the primary 

mucosal folds, separating the primary epithelial folds, D and EF, 

of figure 1 fall to the center of the surface folds as found in the 

fully developed area foliata, the clefts separating these surface 

folds falling in line with the rows of ducts of the serous lingual 

glands as seen in figure 6, each such surface fold embracing the 

tissue found between two rows of ducts of the lingual serous 

glands. 

The question of the histogenesis of the gustatory buds has 

not formed a special portion of this investigation. The methods 

of fixation and staining used, have enabled us to confirm in a 

large measure the early observations of Hermann® as concerns 

the development of the gustatory buds of the rabbit’s foliate 

area. Relatively few gustatory buds are present in the foliate 
areas of the rabbit at the time of birth. These few are nearly 

all found seattered here and there near the mouths of the ducts 

of the serous ‘lingual glands. A study of the histogenesis of the 

gustatory buds of the foliate areas of the rabbit is projected in a 

future investigation, with the aid of special technical methods, 

of which the pyridine silver impregnation method shall receive 

special consideration. It seemed to us advisable to first acquire 

familiarity with the morphogenesis of the foliate area, before a 

study of the histogenesis of the gustatory buds was undertaken. 

The severance of official connection with the Department of 

Anatomy of one of us has prompted us to place on record the 

results of this investigation as thus far attained, namely, the 
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morphogenesis of the foliate areas of the rabbit from time of its 

first appearance to the time of birth. Our observations may be 
summarized briefly as follows: 

1. The foliate areas of the rabbit’s tongue may be recognized 

as slightly elevated, oval pre-foliate areas in rabbit embryos 
of the 18th day. 

2. The primary epithelial folds characterizing these areas, 

begin to appear on the 19th day, and are well formed and present 
in approximately full number on the 21st day. These primary 
epithelial folds are to be recognized as ‘histosystems,’ since 
they are found in fairly constant number throughout the period 

of morphogenesis of these areas; practically the entire foliate 
area on each side being in anlage at the same time. 

3. The serous lingual glands, associated with the foliate areas, 
make their appearance, in the central region of the foliate area, 

during the 24th day. The secondary epithelial are in anlage 
during the 24th day, in the central region of foliate area, and 
show appreciable development over the entire area by the 26th 
day. 

4. The epithelial and mucosal folds, both primary and second- 
ary, as viewed from the under side of a foliate area of the 30th 

day, show an arrangement and state of development which is 

essentially the same as in a fully developed foliate area, although 
the deep clefts or grooves which separate the surface folds of the 
adult area are as yet merely indicated. At this period of develop- 

ment the gustatory buds are as yet few in number and are 
found in close relation to the mouths of the ducts of the serous 
lingual glands, which reach the surface of the epithelium. 
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Concerning the time element involved in the mitotic division 

of the somatic cells there is at present scarcely any data. 

Retzius' found that the total time involved for mitosis inthe 
ectodermal cells of triton punctatus was from 2 to 3 hours, some- 
times more, sometimes less. He has nothing to say regarding 

the duration of the various phases nor whether he considered 

the process as ending with the division of the cell. 

Clark’s? observations on the division of mesenchyme cells 

in the tail of the living tadpole were carried on in connection 
with his studies on the living growing lymphatics. Unfortu- 

nately there is a fairly complete record for only one cell. The 

prophase and metaphase together lasted about 1 hour and 15 
minutes; the duration of metaphase was not given. During 

anaphase which lasted about 4 minutes the movement of the 

chromosomes could be seen. Telophase followed immediately 

and constriction except for a slender strand was complete in 3 
to 4 minutes; 2 hours elapsed however before separation was 

complete. Not until about 3 hours after the division of the cell 

(except for the slender strand) did it appear to be in a normal 
resting condition. It is interesting to note that during a period 

of 23 days when the tail was under observation only about one- 
half of the cells underwent division and none of them divided 

more than once. 

1 Retzius,G. 1881. Studien tiber die Zellentheilung. Biol. Untersuchungen. 

2Clark, E. R. 1912. Further observations on living growing lymphatics: 

their relation to the mesenchyme cells. Am. Jour. Anat., vol, 13. 
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Lambert and Hanes’ found in plasma cultures that the con- 

nective tissue cells of the cat divide in 15 to 30 minutes at 37°C., 

while those of the rat require from 25 to 45 minutes. They 

found in the cat that the time involved between the separation 

of the daughter chromosomes and the complete division of the 
cytoplasm was from 4.5 to 6.5 minutes. This corresponds very 

closely with the duration of telophase in the chick embryo cultures 

given below. It is difficult to compare with our results the 

duration of prophase, metaphase and anaphase since they are 
not given separately by these observers, and since it is not stated 

in precise terms whether the observations on prophase were 

begun with the resolving of the nuclear membrane or after the 

stage was already under way. It is very difficult to find cells 
that are just entering upon the prophase stage and our experience 

has been that one recognizes the prophase after it is well under 
way and very rarely does one have under observation a resting 

cell and watch its initial changes into the prophase stage. There 

is no indication in the paper by Lambert and Hanes that they 
were particular about this point, so that in all probability their 

observations were begun on cells already in the prophase stage. 
If so, it will be necessary to add from 15 to 30 minutes to their 

estimate of the duration of prophase, metaphase, and anaphase. 

We infer from their paper that they consider mitosis to end 
with the division of the cytoplasm into the two daughter cells. 

So that if we include under mitosis the long period of reconstruc- 

tion, after the cell has divided, during which various changes 

take place in the cell until it arrives at the resting stage, it would 
probably be necessary to add 1 or 2 hours to the observed dura- 

tion of mitosis as given by Lambert and Hanes. This would 

give from 2 to 3 hours for the total duration of cell division, which 

corresponds fairly well with our results. 

Lambert* in another paper takes up the rate of cell division 

in rat connective tissue cells. He finds in plasma cultures from 

? Lambert, R. A. and Hanes, F. M. 1913. Beobachtungen an Gewebskultu- 
ren in vitro. Virch. Arch., Bd., 211. 

4Lambert, R. A. 1913. Comparative studies upon cancer and normal cells. 
II. The character of growth in vitro with special reference to cell divisions. 

Jour. Exp. Med., vol. 17. 
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10 to 40 days old that the time required for mitosis at 38° and 
39°C, varied from 21 to 29 minutes, while at 34° to 36°C. the 

time varied from 35 to 50 minutes. In the cells dividing at 38° 

to 39° the intervals from the first appearance of constriction 

until complete division of the cytoplasm were as follows; 3, 5, 

5, 3, and 3 minutes. It appears from his table that a period of 

2 to 3 minutes intervenes between the separation of the daughter 

chromosomes and the beginning of cytoplasmic constriction. 

The duration of prophase, metaphase and anaphase taken to- 

gether varied as follows; 22, 15, 18, 23 and 16 minutes. Here 

again we are unable to determine just what Lambert considers 

as the beginning of mitosis. He does not state in precise terms 
that his observations began at the beginning of prophase, so 
that we have the same difficulty here in making comparisons 
with our observations on chick cultures as we had with the 

observations of Lambert and Hanes. 
While the observations recorded below were proceeding, there 

appeared an article by Levi’ on almost the identical line of work. 

Levi's observations were on embryonic chick tissues cultivated 

for the most part in normal plasma and we are thus enabled to 

compare the behavior of cells in plasma and in Locke’s solution 
while undergoing such a highly complicated process as mitosis. 

Since so many adverse criticisms have been made against the 
use of Locke’s solution as a culture medium, it is of especial 

interest to note that our observations are on the whole very simi- 

lar to those of Levi both in regard to the general behavior of the 
cells during mitosis and in regard to the time element involved 

for the various phases. 
In order to record accurately the time involved during the 

various phases of mitotie division, it was necessary to have 

clearly in mind a sharp line of distinction between each phase 

following as nearly as possible the customary usages of the terms 

prophase, metaphase, anaphase and telophase. 
The observations recorded below are on mesenchyme cells 

from embyyo chicks 4 to 11 days old and cultivated in Locke's 

5 Levi, G. 1916. Il ritmo e le modallita della mitosi nelle cellule viventi 

coltivate ‘in vitro.’ Arch. Ital. di Anat. e di Embr., vol. 15. 
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solution with or without the addition of bouillon. The cultures 
were kept at about 39°C. with slight variation to 38° or 40°C. 

The cultures varied in age from 24 to 72 hours. 

The prophase is usually defined as the preliminary stage in 

mitosis including all the phenomena prior to the division of the 

chromosomes. Since it is not possible to see exactly when the 

chromosomes divide, the term as used in this article involves 

the processes from the time of the first changes in the cell until 

the chromosomes are arranged in the equatorial plate. The 

latter condition is easily recognized. 

The interval between the first observation of the cell in pro- 
phase and the end of prophase varied from 5 to 50 minutes, and 

is as follows for the various cells observed: 5+, 8+, 8+, 10+, 

10+, 12+, 15+, 17+, 304+, 38+, and 50+ minutes. This 

indicates that prophase usually occupies from 30 to 60 minutes. 

Levi gives the time involved for prophase and metaphase 

together as from 12 to 30 minutes but he does not specify the 

extent to which the prophase had advanced when the observations 
were begun. Levi had only three observations on the duration 

of metaphase, namely 8, 11 and 13 minutes; and six on pro- 

phase and metaphase together, namely 28, 12, 20, 22, 25 and 30 

minutes. The duration of prophase in Levi’s plasma cultures 

was probably between 5 and 20 minutes, to which must be added 
a considerable period of time on the assumption that his observa- 

tions were begun after the prophase was under way. With 

these corrections, the duration of the prophase in plasma is 

similar to that in Locke’s solution. 

The metaphase is usually defined as embracing the period of 

the splitting of the chromosomes. We have considered the 

metaphase as extending from the time the chromosomes are 

first arranged in the equatorial plate until they begin to move 

toward the poles. During the first part of this period, the equa- 
torial plate is thick and it is impossible to distinguish the separate 

chromosomes, while during the latter part of the period the 

plate splits into two parallel plates with only a very fine line 
hetween them. ‘These two plates do not usually begin to move 

apart for a minute or more after the splitting. Metaphase 
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varies from 1 to 15 minutes, occasionally it may last longer, in 

one case 25 and in another 45 minutes. The intervals involved 

for this stage are as follows: 1+, 1.25+, 2+, 2.5+, 2,5, 3+, 

3+, 3, 3, 4, 6+, 7, 9, 11.25, 12, 12.5, 15, 25 and 45 minutes. 

The metaphase is shorter on the average than it was in Levi's 

three observations for plasma cultures. | 
The anaphase involves the moving apart of the divided chro- 

mosomes to the poles of the spindle and their later union into 

spiremes to build up the daughter nuclei. As used in this article 

the anaphase includes only the time during the migration of the 

chromosomes to the poles and varies from 1 to 5 minutes. The 

periods are as follows: 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2.5, 2.5, 
2.0, 2:5, 2.5, 2.5, 2.5, 3, 3, 3, 3, 3, 3, 3, and 5 minutes. The time 

averages from 2 to 3 minutes. Levi’s observations on plasma 
cultures show a variation from 1.5 to 19 minutes, most of them 

lasting from 3 to 7 minutes. 

Telophase is usually considered the final stage in mitosis: 
the cytoplasm divides forming the two daughter cells and the 

nuclear membrane reforms. As here used, it extends from the 

end of anaphase to the separation of the cell into two daughter 

cells (except, as often happens, for a thin strand of cytoplasm 
which may connect the two daughter cells for many minutes 

after the division is practically complete). An appreciable 

interval elapses between the end of anaphase and the first 

appearance of the indentation, during which the cell elongates 

and flattens out on the sides. This period may vary from 1.5 to 

7.5 minutes but usually lasts only 1 or 2 minutes. The observed 

intervals are as follows: 0.5, 0.75, 1, 1, 1, 1, 1, 1, 1, 1, 1, 14+, 
1.5, 1.5, 2; 2, 2, 3, 3, 4, 5 and 7.5 minutes. This period we 

sometimes designate as telophase (a). 
The time involved from the first appearance of indentation, 

usually on one side first, until complete division (except for a 
thin narrow stalk) varies from 2 to 10 minutes; with an average 

2 to 4 minutes. The individual observations are as follows: 2, 
vt, 2,2, 2.0, 2.0, 2,0, 0, 0, 0,0, 0, 0.0, 0.0, 3.0, 4,4, 4, 4, 4; 4, 
4, 5.5, 6, 9 and 10 minutes. This period may be designated as 

telophase (b). 
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The duration of the entire telophase stage, that is, from the 
end of anaphase to the division of the cell, varies from 2 to 13 

minutes. The observed durations are as follows: 2, 2.5, 2.5, 

3, 3, 3, 3, 3, 3, 3, 3, 3.5, 4, 4, 4, 4, 4.75, 5, 5, 5, 5, 5, 5, 5, 5, 5, By 
6, 6.5, 7, 7, 7, 9, 11.5, and 13 minutes; average 3 to 6 minutes. 

Levi's observations show a duration of from 1 to 10 minutes and 

are as follows? 1, 1:5, 1.5,.2, 2, 2.5, 2.5) 2.5.2.0, 0, 3, 6,0) dy Opens 

3, 4, 4.5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 6, 9, 10 and 10 minutes. The 

time is about the same, therefore, in Levi’s plasma cultures as 

in the Locke’s solution. 

Although mitosis is usually supposed to end with the division 

of the cell into two daughter cells there remains a considerable 
interval of time during which the daughter nuclei pass through 

various stages before they arrive at the normal resting condition. 

For convenience, we have called this the reconstruction period. 

It is difficult to determine just when the cell arrives at what 

might be called a normal resting condition. The chromosomes 

are first gathered together in a small mass, around which a clear 

substance gradually collects and as the chromosomes fade away 

from sight, the nuclear wall and the nucleoli become visible. 

‘This nucleus is much smaller than that of the resting stage and 

in fixed specimens stains deeper with iron hematoxylin than does 

the larger resting nucleus. The intervals involved from the 

end of division until the first appearance of the nuclear membrane 

are as follows: 8, 8, 8, 10, 10, 10, 12, 12, 13, 17, 18, 20, 20, 21 

and 23 minutes. The nuclear membrane usually appears about 

the same time in the two daughter cells. 

The period from the first appearance of the nuclear membrane 

until the resting stage is difficult to determine exactly. Our 

observations indicate that it is as long if not longer than the 
prophase; i.e., 10+, 10+, 15+, 30, 35+, 40, 40, 55, 60+, 80, 

85, 110 and 110 minutes. During this period there is a gradual 

increase in the size of the nucleus and of the cytoplasm. 

‘The records of a few of the mesenchyme cells from cultures 

of a 7 day embryo are shown in table 1. 

Other observations on 4, 5, 6, 9, 10 and 11 day embryos do 

not indicate any marked differences in the rate of mitosis nor is 
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TABLE 1 

Rate of mitosis of mesenchyme cells of a7 day chick embryo 

AGE CULTURE a4 48 48 72 48 48 48 45 “8 4) 48 

_ | eee |__|? Ae 

PFODNENGS 6 cies sitess>. 8+ | 8+ 
IMIGEADHSAG... os ccscsess- 4 7 12.5) 3+ 8 |2.5+)| 2.5) 6+ 12 

PURE. na kicws'a's « 3 2 | 2.5) 2 3 |3 2.5) 2.5] 2.5) 3 
Telophase (a)...... ..... 1,5) “ee 3.5) 1.5)1 A | 2 
Telophase (b)............ 3.5) 4 12°13 3.5) 3.52.5 |9 | 4 | 5.5) 4 
Reconstruction (a)....... 18+) 23 10 {13 18 

Reconstruction (b)....... a 110 (10+ 

mie... 30+] 92+ 127+/42+ 
122+ 

there any noticeable increase or decrease in the rate in the cul- 

tures that are 24, 48 and 72 hours old. 
The time required then for the complete process of mitotic 

cell division would lie within the following limits: Prophase, 30 
to 60 minutes; metaphase, 2 to 10 minutes; anaphase 2 to 3 
minutes; telophase 3 to 12 minutes and the reconstruction period 

from 30 to 120 minutes: total 70 to 180 minutes. From the 
present data 2 to 3 hours would be a fair estimate of the time 

involved. 
An attempt was made to compare mitosis in tissue cultures 

with that found under more normal conditions and for this pur- 
pose a four day chick with the amnion intact was put into a 

small dish of Locke’s solution and the rate of division observed 

TABLE 2 

Rate of mitosis of the smooth muscle cells in the amnion of a 4 day chick em>ryo 

1 2 3 4 5 6 | 7 s 

Lan SES ey oy 5+ S04 
ROMAN GBR? sures osiesles < 15 14 6 6 Bile 2 20+ 
PA TANABE. 5 kip visa’ wei sis. 3 2.5 2 2.5} 1 2 | 3 

SPGLODUABGICA) si. <5 oa s~ +5 <> 1 1 1 1 erg PE 1.5 0.5 

Telophase (b)............. 4 2.5 2 2 3 ye Oe 2.5 

cane 5 9 
Reconstruction (a)........ 4 6 | | 10 
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in the smooth muscle cells of the aminon. The results are given 

in table 2. The process is more difficult to follow under these 
conditions than in cultures. The prophase was observed over 

most of its duration in the seventh case and was 33 minutes. 

The metaphase lasted from 2 to 15 minutes, the anaphase 1 to 
3 minutes, the telophase 3 to 5 minutes and the first part of the 
reconstruction period from 4 to 10 minutes. 

If we compare the data at hand on the various phases of mitosis 
as collected together in table 3, it seems very probable that the 
duration of mitosis is not so very different in the various types of 

TABLE 3 

Proriiass ag a lane PHASE Esp eran 

Mesenchyme tadpole tail, Clark.....| < 75+ >| 4 34 180 

Connective tissue cat, Lambert and 

EMI A a i ree < 25—45-++ >| 4.5-6.5 

Connective tissue rat, Lambert..... < 13-23+ >| 3-5 

aS P sc 3-7a | 24-6a 
Mesenchyme chick, plasma, Levi... .. 5-20+ 8-13 15-19 1-10 

: 2-12a |} 2-3a 3-6a ‘ 
Mesenchyme chick, Locke.......... 30-60 | 1-45 1-45 2-13 | 30-120 

Smooth muscle chick....... ......| 5-804 |. 2-15 1-3 3-5.5 | 10+ 

Duration in minutes of the various phases of mitosis. 
+ indicates that more time should probably be added. 
a. Average. 

cells, if we make the necessary allowances for the fact that the 
observations were usually begun after prophase was under way. 

Not until we have more accurate data however can this be de- 

cided with any degree of satisfaction. Concerning the duration 

of prophase the data is too meager for comparison. Metaphase 
is on the average somewhat longer in Levi’s plasma cultures than 
in our Locke cultures or in the smooth muscle of the amnion. 

The variations are greater in our observations than in Levi's. 
More extended observations in plasma however might show as 

great variation as in Locke’s solution. Anaphase also is slightly 
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longer on the average in the plasma than in Locke's solution and 

the variations are more marked and greater in the latter solution. 
The extremes in anaphase as in metaphase must be in the re- 

action of the individual cells since these great variations oceur in 
cells side by side in the same culture. The duration of telo- 
phase which can be more accurately recorded than the other 

phases shows a striking similarity in all types of cells and less 
variation. It is rather remarkable that the telophase of the 

mesenchyme cells in the tadpoles tail, connective tissue cells 
of the cat and rat in plasma, mesenchyme of the chick in plasma 

and Locke’s, and smooth muscle should all have about the same 

length of time. Variations in the duration of any one phase 
is one of the most characteristic features of cell division and is 
apparently dependent on individual cell differences. 
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THE COELIAC AXIS 

PAUL B. EATON 

From the Anatomical Laboratory, Johns Hopkins Medical School 

ONE FIGURE 

The classical description of the coeliac axis states that at the 

level of the upper border of the pancreas it divides into three 

branches, the left gastric, the hepatic, and the splenic arteries. 

A number of studies of this vessel have been published within 

the last few years, notably those of Rossi and Cova( 1), Leriche 

and Villemin (2), Descomps (3), Piequand (4), de Rio Branco 

(5), Robinson (6), and Lipshutz (7). Of these Leriche and 

Villemin alone report that they found the classical “‘tripus’ in a 

majority (unspecified) of cases. At the suggestion of Prof. 

W. H. Lewis this study was undertaken to determine as definitely 

as possible the normal type and to get some data on the fre- 
quency of departure from this norm. 

The sketches which form the basis of this report were made by 

myself from dissections made for the most part by freshman 

medical students (to whom I am indebted for many courtesies) 

and the amount of material studied and its distribution are shown 
in the following table. 

Number 
Dissecting Room of subjects 

Johns Hopkins University Medical School... ; 47 

University of Maryland Medical School........ ; 34 

George Washington University Medical School....... 12 

University of Pennsylvania Medical School.... 44 

Jefferson Medical College.....................-- oad : 40 
Woman's Medical College of Philadalphin Sac te 3 

Temple University Medical School........ , : 12 
Philadelphia Policlinic. . : ; 1 

Medico-Chirurgical College of Philadelphia. . , ; Ss 

Georgetown University Medical School. : _ 

BLO GAlnett oe fd praca aN SKY coc s eke es ae : 206 

11 wish here to make acknowledgment and express my thanks to those whose 

courtesy has made this work possible and very pleasant. In particular to Pro- 
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The sex and skin tint of 200 of these subjects was recorded. 
They were distributed as follows. 

MALE | PEMALE TOTAL 

White 53 | 26 79 
Colored. 85 36 121 

138 | 62 | 200 

The number of cases is not sufficiently large to warrant any 

positive statement but there does not appear to be any great 

sexual variation in the variability of the structures under con-. 

sideration. The same may be said with respect to race. A 

number of observers have reported that negro subjects seem to 

show a greater tendency to variation than white ones but our 

use of the term negro is too loose to be of any value from an 

anthropologie standpoint. Dr. Hrdlicka (Division of Anthro- 

pology, Smithsonian Institution) informs me that 

There is ground for believing that the negro of pure blood should 
show a greater stability, anatomically, than the white man, who is 
generally a pretty thorough mixture and who has been subjected to 
more varied environmental, occupational, and other influences; but 
our knowledge of the details of heredity is not sufficient to enable us 
to predict the effect of hybridization upon this stability. 

If our dissecting rooms contain the proportion of hybrids that 

has been alleged of our large cities (fifty to seventy per cent) a 

certain degree of anthropological skill will be necessary to make 

the separations necessary to settle this question. 

fessors F. P. Mall, and W. H. Lewis, of Johns Hopkins University, and their 
assistants; Professors J. Holmes Smith and Joseph W. Holland of the University 

of Maryland; Professor Carl E. Davis of George Washington University; Pro- 

fessors George A. Piersol and George Fetteroff and Drs. G. M. Dorrance and 

P. G. Skillern of the University of Pennsylvania; Professors J. P.Shaeffer and 
D. G. Metheny, and Drs. Hoffman and Lipshutz of Jefferson Medical College; 

Professors Henry Morris and Mary Bicking Thornton of the Woman’s Medical 
College of Philadelphia; Professor Addinell Hewson of Temple University and 

Philadelphia Policlinic; Professors John G. Heisler and H. H. Cushing of Medico- 

Chirurgical College; and Professors Frank L. Baker and W. F. Hemler of George- 

town University. 
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GENERAL CONSIDERATIONS 

The history of the discovery and naming of the Coeliac Axis 
is gone into very thoroughly by de Rio Branco (5), the embryology 

by Tandler (8) and the comparative anatomy by Rossi and Cova 

(1). These monographs are accessible and make further refer- 

ence unnecessary. 
CLASSIFICATION 

Table 1 gives the simplest classification possible. The first 

part is taken bodily from Branco and the remainder added to 
show that extending the scope of the inquiry to the point of 

TABLE 1 

COELIAC | COELIAC AXIS 

NUMBER OF AXIS COELIAC AXIS cOoELIO- ABSENT 

AUTHOR SUBJECTS COMPLETE INCOMPLETE MESENTERIC (SEPARATE 

EXAMINED (FROM (FROM AORTA) TRUNK ORIGIN OF ITS 
AORTA) BRANCHES) 

Rossi and Cova....... 102 86 12 2 rs 

Leriche and Villemin. 55 49 5 1 0 

TIGR COIN DR. «of. 05 ra 50 At 6 0 0 

de Rio Branco........ 50 45 4 1 0 

BHOURIN? «oy caer co's 257 224 27 | 4 2 

(87%) (10.5-11%) (1.5-2%) (0.8%) 
; 

AY COYIERIUCL sc 5 Pax oh < shar PR 50 41 7 1 1 
TADANUEE! so... < oe 83 60 21 2 0 
AOR cleccmaisys s, « oe, 0.0% 206 186 19 1 0 

STUBS core ncicec vs ts 596 511 74 8 3 

(S6%) (12.5%) (1.0)% | (0.5%) 

doubling the number of subjects examined makes no great change 
in the percentages. The inferior phrenic arteries have been 

disregarded and will be treated separately. 
The sketch on page 372 is an attempt at a logical or geometri- 

cal classification. As is to be expected this breaks down if 

examined too critically. It may be extended on either side to 

show the separate origin of the three branches of the axis from 

the aorta or the absence of the splenic artery, which is much 
more stable than either of the others. Most of the spaces might 
be filled from the literature, but extension would make the dia- 
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gram unwieldy and it is submitted merely to cover the variations 

found in my series and as a suggestion for the study of other 

vessels. While the diagram is almost self-explanatory it may 

be well to call attention to the fact that starting from Type II, 2a 

for example (the classical tripus), movement to the right shows 

a displacement of the origin of the left gastric artery toward the 

Type il 4, Type ill 4, Type IV 

Class a 

Class b 

Class c 

Fig. 1. A, Aorta; G.S., Left gastric artery; H., Hepatic artery; H.A., Ac- 

cessory hepatic artery; S., Splenic artery; P., Pancreatic artery. 

aorta and finally as in Type IV entirely off the axis. Movement 

to the left from the same point shows the same thing with re- 

spect to the hepatic artery. From the same point moving down 

one column shows the addition of a pancreatic branch. In the 

third horizontal column the first is repeated with the addition 

of a hepatie artery from the superior mesenteric artery. The 
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figures in the lower right hand corner of each section of the dia- 

gram indicate the number of times that particular arrange- 

ment was found in this series of cases. Those figures in paren- 

theses in the lower left hand corners indicate the number of 
cases in which the left gastric artery furnished an accessory 
hepatic artery. If any argument were needed as to the necessity 

for the investigation of a larger number of cases it could easily 

be found inthe fact that in this series that particular arrangement 

occurred 14 times or a fraction less than 7 per cent while Lip- 

shutz (7) found it in 35 per cent of 83 cases. So far I have been 

unable to find any other way to get it into the diagram. 

TABLE 2 

ae. | 38 
AUTHOR = pill | TYPE I TYPE It TYPE II TYPE IV a4 

bos | zh 
Zz - 

Leriche and Villemin| 102 2 (50) 3 

Rossi and Cova...... 55 8 26 60 6 2 

PICCUANGs.. 05 5.055-0 50 3 5 37 | 4 1 
Descomps........... 50 0 16 28 ; 1 

de Rio Branco....... 50 3 15 9 1 

PPAUUGE: eG a cicae esi) oe 3 21 | | 6 

PICON ccs. cc aie ss Soe 206 | 10-4.9% | 47-22.8% e® / ia AY 0 
ee See |—— 

AORANS ered ol. 2 Ses 596 | 29-4.9% |130-24% 336-62 .1% 40-6. 7 | 

It will be noticed that there is a distinct grouping in one section 

of the diagram. ‘This is as it should be, for, as urged by Ruge 
(9) and Lipshutz, arterial variations group themselves into dis- 

tinet types in numbers inversely proportionate to the amount of 

their departure from the normal. 

It is of course impossible to compare these results closely with 

those of previous investigators. Table 2 is however an attempt 

at such a comparison and I believe that such errors as may have 

crept in will not greatly affect the percentages. The columns 

for Types II and III are incomplete for the reason that Leriche 

and Villemin merely state that the three branches came off at 
the same level in the majority of cases. Their cases are there- 
fore not counted in calculating the percentages for those columns. 
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SUMMARY 

1. The normal type of coeliac axis is that which gives off the 
left gastric artery as a collateral branch before the bifurcation 
into the hepatic and splenic arteries. (62.1 per cent of 541 
cases.) 

2. The classical ‘tripus’ occurs somewhat less than half as 
frequently. (24 per cent of 541 cases.) 
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DESARROLLO DE LOS MOUSCULOS OCULARES RECTO 
EXTERNO Y RECTO INTERNO, EN EL EMBRION 

HUMANO 

F. POYALES 

De la Clinica Oftdlmica del Prof. Marquez; Madrid, Espaiia 

DIEZ FIGURAS 

La posicién estraébica convergente que presentan los ojos de 

los recien nacidos es un hecho cuya interpretaci6n no esti defini- 

tivamente fijada y para la cual se han invocado no pocas teorfas 
cuyas tesis se pueden reducir 4 dos grupos: falta de evolucién 

cerebral 6 desordenes en la misma por taras hereditarias 6 lesiones 

inflamatorias (Perinaud); hipermetropia constante del ojo del 

nino acompanada de reduccidn en la amplitud del campo pupilar 
y de la convergencia. 

Ni una ni otra explican satisfactoriamente el indicado hecho 

ya que la primera, muy compleja, no da cuenta de porqué las 

propias causas degenerativas 6 inflamatorias que ocasionan el 

estrabismo convergente no producen el divergente; y la segunda 

no puntualiza, como, persistiendo la hipermetropia, no persiste 

tambien el estrabismo que en algunos casos queda reducido 4 

la primera semana. 

La teoria que 4 mi ver explica el expresado hecho, de modo 
mis ajustado 4 los procesos biol6gicos y con arreglo & la cual 
realicé mi modesta labor de investigacién, me fué sugerida por 
la consideraci6n del proceso evolutivo histogenético del Anfioxus. 
Creo indicada una breve recapitulacién del desarrollo de dicho 
animal, sobre todo en lo que afecta «la formacién de los muiscu- 
los oculares, para que el lector pueda seguir el hilo que ha guiado 
mi trabajo ya que solo por conjeturas filogenéticas, deducidas de 
estudios practicados en vertebrados inferiores, es como nos es 
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dado inducir algunos hechos primitivos de la embriologia humana, 
tan compleja en sus primeras etapas. 

Digamos previamente que el sistema 6culo-motor, constituido 

por la serie de musculos rectos y oblicuos todos de fibra estriada, 
tiene su origen en el mesodermd. Cuando el embrién de An- 

fioxus ha llegado al estado de giistrula se ve nacer del entodermo & 

los dos lados de la linea media una serie de diverticulos gruesos, 

producidos por evaginaciones de esta hoja; estos diverticulos re- 

presentan la mayor parte de la metamerizacién del mesodermo. 

Los metdmeros que nos interesan son los correspondientes 4 a 

sabeza y region branquial. 

No hay acuerdo respecto 4 la finalidad y nimero de los seg- 

mentos primordiales que constituyen la cabeza de los embriones 

Van Wijhe acepta nueve; Rabl los reduce 4 cinco negando la 

existencia de los cuatro primeros designados por Van Wijhe; 
Dohrn admite diez segmentos y en este modo de pensar coinciden 

K llian y otros embridlogos. “Nosotros consideramos la segmen- 

taci6n admitida por Van Wijhe y !a significacidn dada 4 cada 

segmento como la que mejor explica el complicado desarrol o de 

la cabeza de los vertebrados. 

El primer segmento de Van Wijhe, est’ situado por delante de. 
la invaginacién bueal y el segundo detris; los otros continuan en 

serie correlativa, por lo cual el primero corresponde 4 la cavided 
premandibular. El primer segmento esta constituido por un gran 

miotoma que ocupa toda su regién dorsal, careciendo de parte 

ventral; es el miotoma origen de los muisculos del ojo, rectos 

interno y superior y oblicuo menor, inervados por el tercer par 

craneal; la parte ventral no existe. La misién del miotoma dorsal 

al que es debida ‘a mayor parte del sistema 6culo-motor absorbe 

la funcién del primer segmento y 4 pesar de su independencia 

por su parte inferior se comunica por un tubo epitelia’ con los 

demas segmentos, tubo que queda comprendido entre las bolsas 

branquiales consecutivas y va 4 abrirse 4 la parte anterior de la 

vavidad parietal. 

El segundo segmento constituido tanto por una parte dorsal 

como por otra ventral es el tinico donde parece marcarse un equili- 

brio entre los dos elementos que lo constituyen: 4 la parte dorsal 
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corresponde un miotoma del cual procede el musculo oblicuo 

mayor y 4 la parte ventral se deben el arco mandibular y los 
miuisculos que de él se derivan. 

En el tercer segmento cuya constitucién varia por completo de 

la del primero y la del segundo, existe un marcado desarrollo de 
la parte ventral, quedando la regi6n dorsal reducida 4 un pequeno 
miotoma casi atrofiado; es el segmento mis pequeno de todos, 

pues su parte ventral se fusiona con la parte ventral del cuarto 

segmento y ayuda 4 constituir la cavidad del arco hioideo; 4 su 
miotoma dorsal corresponde la formacién del miisculo recto ex- 

terno. La breve descripcién que antecede relativa al desarro'lo 
de estos tres segmentos y 4 los elementos que de ellos nacen, nos 

hace pensar que estos han de correr la suerte de sus substancias 

progenitoras y de ello se deduce que existe una diferencia de ori- 

gen entre el musculo recto interno y el miusculo recto externo, 

en atencién 4 que el gran miotoma dorsal del primer segme*to da 
origen al interno y el casi atrofiado miotoma dorsal del tercero 

origina elexterno. Por otra parte, estas diferencias de origen dan 

lugar 4 diferencias estructurales en la misma época embriolégica, 

hechos anat6micos que hemos de utilizar para hacer ver, que el 

recto externo es inferior al recto interno en edad, niimero y lon- 

gitud de sus fibras, determinando, por la mayor potencia del 

recto interno, el estrabismo congénito convergente que tienen 

los nifios al nacer. 
Las diferencias embriogénicas indicadas ratificalas Wieders- 

heim al hacer estudios comparativos entre la disposicion de los 
nervios craneales y raquideos fundando su distribucién de los 

metimeros de la cabeza, en las ideds de Van Wijhe. Asi los 

nervios correspondientes 4 cada segmento los divide en raices 
ventrales y dorsales; el nervio motor ocular comtin y la rama 
oftdilmica profunda del trigémino corresponderian al primer 
metdimero; el patético y el trigémino, menos la rama oftdlmica 

profunda al metdmero segundo. Al estudiar la distribucién de 
los nervios en el tercer segmento, duda de la existencia de la 

parte dorsal, no negando, sin embargo, qye el diminuto miotoma 
atrofiado colocado en la parte superior pueda ser origen del recto 
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externo y considera al nervio motor ocular externo distribuyén- 

dose por este segmento. 
La opinién de Wiedersheim viene 4 comprobar la imposibilidad 

de negar la misi6én del tercer segmento y establece una diferencia 
de origen entre ambos musculos. 

Funddindomos en el desarrollo que da 4 la metamerizacién 

mesodérmieca Van Wijhe, vemos que la parte dorsal del resto de 
los segmentos, cuya atrofia se inicia en el tercero, sigue en todos: 

en el cuarto y quinto no hay parte dorsal; en el sexto, queda algo 

sin finalidad determinada; en el séptimo, octavo y noveno sigue 

el desarrollo de la parte ventral y las porciones ventrales de estos 
segmentos producen las cavidades y miisculos de los arcos vis- 
cerales llegando « unirse al primer segmento del tronco. 

Froriep ha venido 4 modificar la teorfa de Van Wijhe con sus 
interesantes estudios de la cabeza del embrién del torpedo. De 

cellos deduce la existencia de varios segmentos, que comprenden 

el lado craneal y la primera hendidura branquial, segmentos 4 

los que no asigna misién determinada dandoles una duraci6n muy 

efimera; mas tarde aquellos serfan sustituidos por el mesoblasto 
insegmentado de la cabeza, situado por tanto, delante de la bolsa 

branquial primera. Al principio, este mesoblasto es insegmentado, 

mds poco 4 poco aparece la formacion de las bolsas branquiales 

y se determinan las cavidades de los arcos. Es especialmente 4 
esta segmentacién 4 la que corresponden los metémeros de Van 

Wijhe. Conviene no olvidar que en el mesoblasto cefalico se ha 
de considerar tambien una parte dorsal homéloga 4 la parte dor- 

sal de los segmentos de Van Wijhe, donde tienen su origen los 

muisculos del ojo. La teorfa de Froriep aunque més moderna, 

es 4 mi juicio, mds incompleta y solo una modificaci6én de la an- 

terior que con raz6n persiste como clasica. 

Establecidas las diferencias de origen embriogénico entre los 

mutiseulos recto interno y recto externo, describiré las estructurales 

que he observado desde el cuarto mes de la vida fetal hasta el 
nacimiento. Como ya he dicho, el hecho 4 cuya comprobaci6n 
dediqué este estudio me fué sugerido al leer las diferencias de 
origen embriol6gico anteriormente expuestas y advertir la fre- 

cuencia, en casi la totalidad de los nifos recien nacidos, de la 
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posicién estrabica convergente de los globos oculares. Desde el 
primer momento pensé que durante la vida intra-uterina, el 

desarrollo del recto interno y del recto externo habria de ser 

diverso, de tal forma, que el mayor desarrollo del interno deter- 
minante de la posicién forzada, mantenida durante todo el 

periodo de la gestaci6n, seria al nacer los nifos la causa del 
estrabismo. 

He practicado autopsias en fetos desde el cuarto mes de la 
vida fetal, pues la adquisici6n de fetos de menos tiempo es muy 
dificil; bien que es de presumir que si las diferencias existen desde 

el cuarto mes en adelante deben existir en los meses anteriores. 
Apuntaré que las diferencias de sexo no implican mayores diferen- 

cias en el desarrollo de dichos musculos y que los fetos de 

aspecto sifilitico parecen ser el material mis apropiado para es- 

tablecerlas, bien que sobre este punto no se pueda hacer una 

afirmaci6n categ6rica. 

Expongo 4 continuaci6én las diferencias estructurales muscu- 

lares apreciables en las preparaciones cuyas figuras van adjuntas. 

En el corte del recto externo (fig. 1) solo aparecen marcadamente 

tenidos los nticleos que son numerosos, elipsoides y orientados 

paralelamente «i la fibra muscular; sin embargo parecen estar en 
un magma uniforme, el protoplasma de cada célula no esta de- 

limitado, lo que manifiesta un estado rudimentario, embrionario, 

estado en que los protoplasmas se tinen mal y es dificil hacer 

resaltar la fibra muscular. 
En el corte del recto interno (fig. 2) aparecen los nticleos ocu- 

pando una posicién semejante 4 la de los niicleos del otro corte; 

se ven los protoplasmas musculares bien limitados, cilindricos, 

granulosos, carecen de estrias y parecen como entrelazados, es 

decir, que los elementos del mtisculo recto interno son de mis 
edad, las substancias coloreantes redondean los limites proto- 

plasmiticos y las diferencias en el cuarto mes de la vida fetal 

colocan al recto interno como miisculo mas desarrollado, sobre 

todo en lo que se refiere «i la edad de las fibras. 
En las preparaciones correspondientes 4 las figuras 3 y 4, de- 

muéstrase la diversa cantidad de zonas de elementos mas em- 
brionarios que existen en el recto externo en comparaciOn con el 
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recto interno lo que hace suponer que siendo ambos miusculos 

antagonistas en esta época de la vida fetal, la menor contraecion 

del recto interno habra de arrastrar a la convergencia al globo 

ocular, ya que el recto externo por su inferioridad no puede con- 

trarrestar su accién. En el recto interno se ven reducidas las 

zonas embrionarias « unas masas blancuzecas, aisladas; en el recto 

externo se ve dentro de una zona central embrionaria algunas 

masas pardas de elementos musculares mis desarrollados que 
tienden poco 4 poco 4 invadir la zona central segin avanza el 
desarrollo del musculo. A mds aumento, las fibras de ambos ree- 

tos aparecen perfectamente tenidas, senalindose muy bien los 

limites protoplasmiiticos, pero en las fibras del recto interno se 

marca una ligera corteza estriada, elemento que no aparece en 

la fibra del mtisculo recto externo de esta época. 
Examinando las figuars 5 y 6, se pueden establecer diferencias 

en el ntimero de fibras, menor en el recto externo que en el interno. 

En el corte del recto externo las fibras estsin, ademids, separadas 
por bastante tejido conectivo laxo, embrionario, tejido que existe 

en mucha menor cantidad en el recto interno. En la misma 

fibra muscular adviértese ademiis, otra diferencia y es que las 

del recto externo son cortas y siguen con aspecto cilindrico, en 

tanto que las del recto interno, son mis alargadas, caracter que 

se va manifestando segtin avanza la evoluci6n; sus nicleos adoptan 
esta forma tambien, como si estuvieran oprimidos por el desar- 
rollo mayor del material estriado; las fibras del recto externo 

aparecen mis negras porque se tinen bien y resaltan sobre un 

Fig. 1 Corte longitudinal del recto externo en el cuarto mes de la vida fetal 

(270 didmetros). , 
Fig. 2. Corte longitudinal del recto interno en el cuarto mes de la vida fetal 

(270 disimetros). 
Fig. 3 Corte longitudinal del miisculo recto externo en el quinto mes de la 

vida fetal (45 diimetros). 
Fig. 4 Corte longitudinal del mésculo recto interno en el quinto mes de la 

vida fetal (45 disimetros). 
Fig. 5 Corte longitudinal del misculo recto externo enel sexto mes de la vida 

fetal (180 didmetros). 
Fig. 6 Corte longitudinal del misculo recto interno en el sexto mes de la vida 

fetal (180 disimetros). 
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fondo ambarino constituido por todas las células musculares y 
tejido conjuntivo laxo mis rudimentario. 

Las diferencias en fetos de siete 4 nueve meses no son ya tan 

friciles de establecer como se puede observar en las figuras 7 y 8; 

sin embargo el niimero de fibras sigue siendo aun menor en el 

recto externo que en interno é igual ocurre con la longitud y can- 

tidad de tejido conjuntivo laxo. A mds aumento del que esta 

hecha la miero-fotografia se observa en el recto interno la multi- 

plicacién del niicleo, el engrosamiento de la corteza estriada y 

muchos nucleos colocados debajo del sarcolema, lo que hace pen- 

sar que aquellos, oprimidos, huyeran del protoplasma por las dis- 
continuidades que este presenta, en virtud de la invasién ereciente 

del material estriado; en las fibras del recto externo el nicleo 
sigue siendo central y ocupa la direecién del eje de la fibra. 

Las figuras 9 y 10, corresponden « cortes transversales que 

tiene como detalle interesante la diversa manera de asociarse 

las fibras musculares constituyendo fasciculos secundarios per- 

fectamente individualizados por tabiques conjuntivos, fasciculos 

que parecen estar constituidos por menor ntimero de fibras en el 
recto externo que en el interno; en este mtisculo se observa la 

formacién de haces terciarios resultantes de la integracién de 

los fasefeulos secundarios “ otras unidades mayores, halldndose 

aquellos limitados por septos conectivos, bastante espesos é in- 

filtrados en el tejido adiposo. Estos haces terciarios se encuen- 

tran tambien en el recto externo pero en mucho menor ntimero. 

Las diferencias microse6picas descritas, ocurridas durante el 
transcurso de la vida intra-uterina en el desarrollo de los dos ree- 
tos, externo é interno, son causa de que al nacer el feto y ser su 

retina impresionada por la luz, se ponga en movimiento el sis- 
tema 6culo-motor, el recto interno mis potente y desarrollado 

que el externo habra de determinar la posicién estrdbica del 
globo ocular con un estrabismo convergente no completamente 

transversal, sino ligeramente oblicuo, en direecién de arriba 4 

abajo y de fuera « dentro con duraci6n distinta de tres 4 diez dias 
bien mareada. Poco a poco va desapareciendo el estrabismo y 

solo cuando se hace fijar la mirada al nino aparece de nuevo la 

posicién estribica momentinea. 
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vida fetal (90 didmetros 

Fig. 8 Corte longitudinal del miuisculo recto int 

vida fetal (90 didmetros 

Fig. 9 Corte transversal del misculo rect 

vida fetal (90 didimetros 

Fig. 10 Corte transversal del miisculo recto 
] vida fet 90 didumetros 
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La accién combinada de todos los muisculos del sistema 6culo- 

motor, cuando las fibras musculares de todos ellos estén igual- 

mente desarrolladas y la accion de la luz sobre la retina, son las 

‘ausas que hacen desaparecer este estrabismo que debe llevar el 

-alifieativo de fisiolbgico, teniendo presente que ningun miusculo 
del ojo sea recto u oblicuo, tiene accién independiente caracteris- 

tica principal que siempre esté ayudada por la de otro misculo; 

todos unidos constituyen el delicado fisiologismo que mantiene la 

vision binocular. A esto hemos de afadir que los globos ocu- 

lares al recibir las primeras impresiones luminosas, tienden 4 que 

por las condiciones caracteristicas de que esta dotada la macula, 
la imagen se forme en ella y por esto es necesario el paralelismo 

de los ejes 6pticos y visuales para que se realicen las condiciones 

de la visién clara y distinta. 

He practicado 21 autopsias 

En fetos de término..... oe a oe eR anes Pes a 7 

En fetos de siete meses....... ; Pe ccrinet he oe 5 

En fetos de seis meses....... ae ott I ee 4 

En fetos de cinco meses..... ‘ ; owe ssi 3 

En fetos de cuatro meses....... Q A eee Te 2 

Punto interesante, antes de terminar, es la delicada extirpa- 

cién de los rectos para que no se confundan con los demas miis- 

culos y 4 mss de esto procurar obtenerlos enteros. Para esto, 

abriendo una ventana en la conjuntiva y con gancho de estra- 

botomfa, se busca la insercién esclerétical de ambos rectos, prac- 

ticado lo cual se coloca en cada uno de ellos una pinza pequena de 

Pean disecdndolos despues hasta donde se pueda, seccionando el 

oblicuo menor, que abraza al recto externo, y 4 continuacién, en 

vez de ir 4 ciegas 4 buscar la insercién posterior, se procede a 

cortar la caja craneal en una seccién circular, se separa la masa 

encefalica y queda al descubierto la pared superior de la 6rbita que 

se incinde y una vez dentro de aquella, se disecan los musculos 

rectos de la insercién posterior. 



AUTHOR'S ABSTRACT OF THIS PAPER ISSUED 

BY THE BIBLIOGRAPHIC SERVICE, ocronER 13 

THE POSTNATAL GROWTH OF THE KIDNEY OF THE 
ALBINO RAT, WITH OBSERVATIONS ON AN 

ADULT HUMAN KIDNEY 

JOHN A. KITTELSON 

Inslitule of Anatomy, University of Minnesota, Minneapolis 

CONTENTS 

eeSATIGE IC tae eee et nies «02 Nala oe Oe <8 voles. ape aes ca wee s sg eee 

ROR EGMEA LOT CNIIGGUG ONE ogc: 9 «0:5 25:4 ole a btew HS Muse noes eo de yee inne 
Data and discussion on postnatal growth of the kidney........ ins peeDee 

i; Weights of the kidneys used..........<.--seoeesess- ea 

rw. Ol CONES ANC MGGUUAs. «150i aes case ccbuwes sicssccscsne . 393 

Sa sarowtn of the renal’ corpuscles: . ccc 6. 7. ecco vnc oth nas se naccenee 396 

BUTE arias eR Can oy iia Sine yee ate Ae EE is sens @ = 5.05 « o'no dlakd ps 405 
eC EeERETI RT CE ECM A Srac i ctavtet te wel na ia cig he ens eM eaten 2 sre oa a0 oe nen a 407 

INTRODUCTION 

Many questions concerning the postnatal growth of the 

kidney are still unsettled. In the rat, the postnatal growth 

curve of kidney weight in relation to body weight was worked 
out by Hatai (13) and Jackson (’13). Waschetko (14) esti- 

mated the number of renal (Malpighian) corpuscles per cubic 
millimeter of cortex in the albino rat at various ages from birth 
to five weeks. The relative growth of cortex and medulla and 
the total number and volume of the renal corpuscles in the kid- 

ney at various ages are the special problems for which data 
have been collected in the present investigation. 

The work was done in the Anatomical Laboratory of the 

University of Minnesota. The problem was suggested by Prof. 
C. M. Jackson and carried out under his supervision; I wish to 
express my thanks for his valuable aid and criticism. I also 
wish to thank Dr. E. T. Bell, of the Department of Pathology, 

for suggestions and aid in some related work on the human 

kidney, a few observations on which are incidentally included 

in the present work. 
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MATERIAL AND METHODS 

The material used included the kidneys of seven albino rats 
(Mus norvegicus albinus) from the colony in the Anatomical 

Laboratory. The general data are given in table 2. 

The identification numbers of the rats are used as follows. 

The letters ‘V’ (Vaughn) and ‘K’ (Kittelson) indicate the series, 

the number preceding the decimal point is the litter number, 

while the number following the decimal point designates the 
individual rat. Three of the rats were from one litter (V1), 

and two from another (V2). Three female and four male rats 

are included. Their ages were newborn and one, two, three, 

seven, twelve and thirty-five weeks. 

The rats were killed by chloroform and weighed, their nose- 

anus and tail lengths also being measured. Both kidneys were 

weighed together. The weight of each kidney used was as- 

sumed to be one-half of the combined kidney weight, as the 

individual kidney weights had not been recorded. 

One kidney (no record made of whether right or left) in each 

case was fixed in Zenker’s fluid for eighteen to twenty-four hours. 

It was then embedded in paraffin and cut in serial cross sections 

ten micra in thickness. The sections were then mounted in 

complete series and stained with haematoxylin and eosin. In 

the adult kidney (K1.1), only a few sections were mounted 

serially, for the most part every fifth section being taken. 

The method used in obtaining the total volumes of medulla 
and cortex was the paper method similar to that used by Hammar 

(14) in his volumetric work on the thymus, and by Jackson 

(17) in his work on the hypophysis. The sections were enlarged 

by means of a Leitz-Edinger projection apparatus and the 
outlines of medulla, cortex and pelvis were drawn on ‘‘American 

Linen Record”’ paper (sheets 18 by 23 inches, 36 pounds per ream). 

The paper outlines of cortex and medulla were then cut out and 

weighed, the results being shown in table 1. 

It was necessary, however, to find the area corresponding to 

a given weight of the paper. To find this, samples were taken 
from 100 sheets of the paper used. Each sample consisted of 
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388 JOHN A. KITTELSON 

four pieces (one from each corner of the sheet), each five centi- 

meters square, amounting to 100 sq. em. The 100 samples 

weighed 122.85 grams or one sample (100 sq. em.) weighed 1.2285 
grams, on the average. From this it follows that one gram of 
paper corresponds to 81.4 sq. em. of area. The total weight of 
medulla or cortex in paper in grams is therefore multiplied by 

81.4 to obtain the corresponding area. This magnified area in 
square centimeters was then divided by the square of the magni- 

fication to reduce it to actual area. The actual area multiplied 

by the thickness of the section (or sections, since every other 

section, or every fourth section, or every tenth section, was 

used) gives the actual volume of medulla or cortex in each case 
(tables 1 and 2). 

In table 2, the volumes of the kidneys appear much smaller 
than might be expected from the corresponding weights. This 

difference is due to three factors: (1) the volume of the capsule 

and of the renal sinus (pelvis), both of which were excluded; 

(2) shrinkage of material in the process of preparation; (3) the 

specific gravity of the kidney, making the volume (in cubic 

centimeters) somewhat less than the corresponding weight (in 

grams). 

In counting the number of Malpighian corpuscles of the 

kidney by means of the mounted serial sections, a two-fold 
problem is presented. The corpuscles of varying sizes must all 
be counted once and none must be counted more than once. In 

order to count them all at least once, it is only necessary to cut 

the sections so thin that they are thinner than the diameter of 
the smallest corpuscle. In the newborn rat, the smallest cor- 
puscle was found to be about 40 micra in diameter, hence sec- 

tions cut at 10 micra would be certain to section every Mal- 
pighian corpuscle. 

In order to be certain that no Malpighian corpuscles were 

counted more than once, Miller and Carlton (’95) used the fol- 

lowing method: The average diameter of the corpuscles was 
determined, and sections of a piece of cortex, cut at about the 

average diameter obtained. Section 1 was then projected by a 
camera lucida and the corpuscles marked by dots. Section 2 
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390 JOHN A. KITTELSON 

was then drawn upon the drawing of section 1 and the corpuscles 

coinciding in both sections noted and eliminated. 

In my work this method was modified as follows. The work 

was done by the use of a Leitz-Edinger projection apparatus. 

A projected image of any given section, say section 1, was 

drawn and the Malpighian corpuscles indicated by circles (black). 

When the drawing was finished, the next section to be drawn, 

section 2, was projected on the drawing of section 1. Drawing 
1 was then made to fit projection 2 and, this accomplished, 

drawing 1 was fastened securely. A sheet of carbon copying 

paper (similar to that used in typewriting) was then placed 
over drawing 1 and a fresh sheet of drawing paper placed over 

the carbon paper. Section 2 was then drawn on the fresh sheet 
of drawing paper, at the same time being automatically trans- 

ferred to drawing 1 as a carbon copy in different color (blue). 

Now everything that coincides in the two sections also coin- 

cides in the two drawings, and the color of any isolated corpuscle 

tells to which ‘section it belongs. By using this method, the 

Malpighian corpuscles were seen in the drawings in three ways: 

(1) as double circles, one circle blue the other circle black; 

(2) as single blue circles; and (3) as single black circles. All 

the double circles were drawings of corpuscles which occurred 

in both sections and were not counted, since they had already 
been counted once. A single blue circle represents the first 

section of a corpuscle and a single black circle represents the 

last section of a corpuscle. Hence, the total number of all 
the single blue circles in all the drawings would equal the total 

number of renal corpuscles in the kidney. The total number of 

all the single black circles in all the drawings would also equal 

the total number of corpuscles in the kidney. The method, 
therefore, gives a check on itself in obtaining the total number 
of corpuscles in the kidney. In all cases, the two counts, for 

single blue and single black circles, were very close together. 

Imperfect sections were avoided whenever possible. When 

a wrinkled section had to be used, the resulting displacement of 

the drawings was measured, the displacement of the renal cor- 

puscles being established by the displacement of vessels and 
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section outlines. The result was also checked up under the 

microscope. 
The problem of determining the size and total volume of the 

renal (Malpighian) corpuscles was more difficult. The range in 

size (diameter) was directly determined by using a Leitz filar 
micrometer. In each case, corpuscles which appeared to be the 

largest or smallest were followed through serial sections and 

measured to obtain their maximum diameter. ‘The diameters of 

the largest and smallest corpuscles thus found are given in table 
5 (columns, a, b, d,e). representing in each case measurements 

from ten selected corpuscles. The cortex was arbitrarily di- 

vided into an outer and an inner zone of equal width, and the 
measurements for each zone kept separate, as shown in table 5. 

The average diameters of the renal corpuscles in the two 

zones were estimated by the modification of the paper method 

used by Jackson (’17) in measuring the volumes of cells and 

nuclei. In every case, fifty corpuscles (representing all those 

occurring in a given area) from each zone were drawn in outline 

at a magnification of 150 to 200 diameters. The paper was the 

same as that used in measuring cortex and medulla. The out- 

lines of the corpuscles were cut out, weighed, and the weight 

(in grams) reduced to area (square centimeters) by multiplying 

by 81.4 (as previously explained). Dividing this area by the 

square of the magnification gives the actual area, and dividing 

again by 50 gives the average area of a renal corpuscle, as appear- 

ing in the sections. If the corpuscles be considered as spheres, 

this average area should represent two-thirds the area of the 
corresponding great circle (since according to the rules of solid 

geometry the volume of a sphere equals two-thirds of the volume 

of the circumscribed cylinder). 

From the average great circle, the average diameter and 
volume of the renal corpuscles for each zone are easily obtained, 
as shown in table 5, columns ec and f. To calculate the average 
size of corpuscles for the entire kidney, however, two additional 

factors must be observed. In the first place, the corpuscles are 

in general more numerous per unit of volume in the outer than 

in the inner zone. By counting the number of corpuscles ap- 
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pearing in equal areas in the sections in the two zones, the 

average ratios were determined, as given in column g of table 5. 

The average diameter of the renal corpuscles for the whole 

kidney, corrected for this factor, appears in column h. Finally, 

it is evident from the shape of the kidney that although the width 

of the two zones is equal, the outer will be much larger in volume. 

Since it was not practicable to estimate this difference accurately, 

the final average diameter of the corpuscles for the whole kid- 
ney (table 5, column i) was estimated arbitrarily as half way 

between the figures obtained in table 5, column h, and the aver- 

age diameter for the outer zone (column c¢). While not absolutely 

accurate, this may be considered a fair approximation. 

From the average diameter of the renal corpuscle, the average 

volume is easily obtained. This, multiplied by the total number 

of corpuscles, gives the total volume of the renal corpuscles in 

one kidney (table 5, column j). 

DATA AND DISCUSSION ON POSTNATAL GROWTH OF THE KIDNEY 

1. Weights of the kidneys used 

The gross body weight and the weight of both kidneys of the 
rats used (table 2) correspond fairly well with those of normal 

rats of similar weight and body length as worked out by Hatai 

(13) and Jackson (13). The differences in weight between 

both kidneys in the rats used and in normal rats of the same sex 

and body length, as shown by the tables of Donaldson (’15), are 

as follows: The kidneys of the newborn rat are 0.003 gram 
above normal weight; those of the one week rat 0.002 gram above; 

those of the two weeks rat 0.001 gram above; those of the three 

weeks rat 0.036 gram below; those of the seven weeks rat 0.012 

gram below; those of the twelve weeks rat 0.082 gram above; 

and those of the thirty-five weeks rat 0.227 gram below. These 

‘differences are comparatively small, with the exception of the 

adult at thirty-five weeks. . Even the latter is probably within 

the limits of normal variation. Thus the kidneys used may be 
considered as normal in weight, since the relations between kid- 

ney weight (and volume) to body weight at the various periods 

agree fairly with the established norms. 
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2. Growth of cortex and medulla 

The data showing the absolute growth in volume for cortex 

and medulla of the kidney at the various ages are given in table 2. 

The significance of these figures may be more readily compre- 

hended in terms of relative growth, as given in table 3. 

The ratio between the volumes of medulla and cortex (table 3) 

is somewhat variable. In the newborn, the ratio is 1: 3.05; that 

is, the cortex is 3.05 times greater in volume. At one week, the 

ratio has changed to 1:2.91, apparently indicating a relatively 
smaller increase in the cortex. This continues at two weeks, 

TABLE 3 

Relative growth im volumes of corter and medulla in the kidney of the albino 
rat at various ages. Data derived from table 2 

PERCENTAGE OF KIDNEY eek OS Oe ee 

maemo | saw |} iempouea So ie a Gyro vouUME (ov. Mai:) Of 
Ot) 0) a SE EE 

Cortex Medulla Cortex Medulla 

weeks 

V2.1 Nb. ulege 75 25 1.91 0.63 

¥2.2 1 1: 2.91 74 26 1.86 0.64 

V1.3 2 1: 2.02 67 33 2.52 1.25 

V13.1 3 1: 1.50 60 40 2.01 1.35 

Wit ‘‘% 1: 2.10 69 31 2.03 0.93 

V1.8 12 1: 2.00 67 33 1.79 0.83 

K1.1 35 1: 2.87 74 26 1.81 0.63 

the ratio then being 1: 2.02. The cortex apparently reaches its 
minimum relative size (compared with medulla) at three weeks, 

the ratio then being 1: 1.50. At seven weeks, however, a rela- 

tively greater increase in cortical volume has changed the ratio 

of medulla and cortex to 1: 2.10, which remains nearly the same 
(1: 2.00) at twelve weeks. The ratio in the adult rat is 1: 2.87, in- 

dicating that the relatively greater growth of the cortex continues 

during the final period. 
The volumetric relations of cortex and medulla are similarly 

evident from the percentages which each forms of their combined 
volume at the various ages (table 3). Thus the cortex decreases 
in relative volume from 75 per cent of the total at birth to 60 
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per cent at three weeks, increasing again to 74 per cent in the 

adult. The medulla shows a corresponding increase from 25 

per cent in the newborn to 40 per cent at three weeks, decreasing 

again to 26 per cent in the adult. 
The relative growth of cortex and medulla may also be studied 

from a different point of view by comparing the volume of each 

with the corresponding total body weight. An arbitrary index 

of their relative growth is thus obtained, as shown in the last 

two columns of table 2. In general, the growth index of the 

cortex appears more nearly constant, indicating that the increase 

in the volume of the cortex conforms more nearly to the growth 
of the body as a whole. There is a slight relative increase in the 

cortex between birth and two weeks, followed y a slight de- 

crease thereafter. The medulla, on the other hand, shows a 

more varied relative growth rate. It doubles its growth index 

(compared with the entire body weight) between birth and two 

weeks, continuing its relative increase to a maximum at three 

weeks. Thereafter it shows continuous and rather marked 

decrease, indicating that its growth lags behind in comparison 
with that of the whole body. : 

In the adult (at thirty-five weeks) the ratios in the volumes of 

cortex and medulla, both in comparison with each other and with 

the whole body, have thus apparently returned nearly to those 

found in the newborn. On account of the possibility of indi- 

vidual variations, no great emphasis can be laid upon the in- 

dividual data, but the general trend of the relative growth rates 

in the cortex and medulla appears clearly. 
Jackson (’13) has shown that kidneys of the albino rat (post- 

natal) at first increase in weight more rapidly than the body, 

increasing from 0.96 per cent of the body at birth to a maximum 
of 1.44 per cent at twenty days, decreasing thereafter to 1.03 

per cent at ten weeks, and to 0.93 per cent at five months. The 

data from the present investigation indicate that this early 
rapid increase in weight (up to three weeks) is due chiefly to 

growth of the medulla, the relative increase of cortex being less 

marked during the corresponding period. The later decrease 

in the relative weight of the kidney likewise appears to be due 
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chiefly to decrease in the growth rate of the medulla, since the 

growth rate in the cortex is more uniform. 
Miller and Carlton (’95) found the total cortical volume in the 

fresh kidney of the adult cat to be 12.5 ec. and the volumetric 

ratio between medulla and cortex to be 3:7 (or 1:2.33). In 
hardened kidneys the ratio was more nearly 1: 2. 

Schweigger-Seidel (65) found the weight of the cortex in 

an adult pig’s kidney to be 102 grams (volume 99,000 cu. mm.) 

and the weight of the medulla 12.5 grams. This gives a ratio of 

medulla to cortex in the adult pig of about 1:8 by weight. The 
pig has also been characterized by Peter (’09) as having rel- 

atively an extremely large cortex. 

Toldt (’74), Kilz (’09), Hauch (’03) and Felix (12) have 

studied the relationship of medulla and cortex in human material 

at various ages, making linear measurements of the thickness of 

medulla and cortex from cross and longitudinal sections of the 

kidney. The ratio of medulla to cortex (in thickness) appears 

to be four or five to one at birth and about two to one from 
the ze of twelve years on. That is, the cortex appears to in- 
crease much more than the medulla. Hauch ('03) noted great 

increase in the cortical mass of the human kidney between birth 

and seven years. Felix (’12) states that the cortex grows regu- 
larly between birth and seven years, with but little growth in the 
medulla; while after the age of seven years both cortex and 

medulla grow equally and double their diameters by the age of 

puberty. Such linear measurements, however, are not con- 

clusive in showing the actual ratio between the volumes of medulla 

and cortex, and are apt to be misleading as an index to total 

volumetric or weight relations. 
As a matter of fact, in work now in progress in an adult human 

kidney, I find the ratio between medulla and cortex to be about 

1: 1.9 (by volume). The data concerning this kidney are given 

in the following table. 
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Observations on a normal kidney of an adult white male, age about thirty-five years, 

who was injured by a blow upon the head and died six hours later 

Body length.. Ae sPé. 0 \a/e:4al 6.6m 5 aca a 167 cm. 

Body weight fartimated). bunv an ¥¥.be 0 40:00 say 75 kgm. (170 Ibs.) 

Weight of right kidney at autopsy (Left kidney not weighed). . .145 grams 

Weight of cortex (after hardening).............0000eeeeee es 90.20 grams 

Weight of medulla (after hardening)....................005. 43.00 grams 

Volume of cortex (after hardening)...........20,c000p-<e+ereceser 93 ce. 

Volume of medulla (after handening)..................... . ras POUIOs 

Estimated total number of renal corpuscles in entire kidney. . .1,040,000 

After weighing the kidney at autopsy, the fibrous capsule 

was removed and the kidney was hardened by placing it for 

forty-eight hours in a 10 per cent formalin solution. The kid- 

ney was then cut in gross transverse sections two or three milli- 

meters thick. Each section was then divided carefully with a 

fine scalpel along the border line separating cortex and medulla. 
The renal pelvis, fat, vessels, ete., of the sinus renalis were then 

removed. After weighing the cortex and medulla (not including 

capsule, pelvis, etc.), the volume of each was determined by 
water displacement in a graduated glass cylinder. Py 

Ip general, therefore, it appears that in the kidney of the rat 

the volumetric ratio between medulla and cortex decreases from 
about 1:3 in the newborn to 1:1.5 at three weeks, increasing 

again to nearly 1:3 in the adult. In the human adult kidney 
the ratio is about 1:1.9, the earlier relations being uncertain. 
In the ori cat the volumetric ratio of medulla to cortex is 

about 1: (Miller and Carlton). In the pig the cortex ap- 
pears i enormous, the ratio of medulla to cortex being 

about 1:8 (by weight), according to Schweigger-Seidel. 

3. Growth of the renal (Malpighian) corpuscles 

a. Total number of corpuscles at various ages. As shown in 

table 2, the total number of (fully developed) renal (Malpighian) 

corpuscles apparently increases from 10,465 in the newborn to 

28,863 at twelve weeks. In addition to these, however, 5068 

developing renal corpuscles were observed in the newborn kid- 

ney, 6916 in the kidney at one week, about thirty at two weeks, 
but none in process of development in the older kidneys. This 
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seems to show that although the process of new formation had 

not yet entirely ceased at two weeks, it had become very slow. 
Since a developing corpuscle is usually so large and distinct 

that it can hardly be overlooked when searched for, it is evident 

that the relatively small apparent increase in the number seen 

after the third week is probably due to individual variation. If 
this be true, the permanent number of renal corpuscles in the 

albino rat may be placed at about 27,800, which is the average 

of the numbers given in table 2 for the rats at three, seven and 

twelve weeks. In round numbers, this would be about 28,000, 

the number assumed to be present in the adult rat (K1.1, thirty- 
five weeks) in which no actual count of the corpuscles was made. 

Some data cited for comparison are shown in table 4. 

Miller and Carlton (’95) estimated the number of renal cor- 

puscles in the cat’s kidney to be 16,000, which appears far too 

low. Peter (’09) estimated the number of renal tubules for the 

eat to be 250,000 (200,000 to 300,000) in one kidney. Schweig- 

ger-Seidel (’65) estimated the total number of renal corpuscles 

in the kidney of the pig to be 500,000. Huschke (28) caleu- 

lated the total number of corpuscles in the human kidney to be 
~ 2,100,000. Schweigger-Seidel (’65) considered this estimate im- 

possible, since the cubical content of 2,000,000 corpuscles, at 
an average diameter of 0.200 mm. would equal one-eighth the 

’ total kidney volume. Sappey (’89) estimated the total number 
of corpuscles in one human kidney at 560,000. 

In the work on an adult human kidney previously referred to, 

I have measured the volume of the entire cortex (by water dis- 

placement) and have counted the renal (Malpighian) corpuscles 

in mounted serial sections of five carefully measured pieces taken 
from different parts of the cortex. The same method was used 

as explained for the rat’s kidney. From the average data thus 
obtained, I estimate that the number of corpuscles in the entire 

cortex of this one human kidney is about 1,040,000; or, in round 
numbers, one million. This number is intermediate between the 

estimates of Huschke and Sappey. ‘There is doubtless normally 

some individual variation in the number of corpuscles, even in 

kidneys of the same size. 
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The time when the renal corpuscles cease to appear in the 

kidney of the rat, according to the data above cited, is evidently 

some time during the third week after birth. A few (about 

thirty) newly-developing corpuscles appeared in the kidney at 

two weeks, but none at three weeks of age or later. This would 

place the date of cessation in the new formation of renal cor- 
puscles slightly later than that given by Riedel ’(74), who stated 
that in the animals born blind (dog and cat), the new formation 

of corpuscles continues during the first two weeks of postnatal 

life. Golgi (date?) states that in the dog, cat, rabbit, guinea- 

pig and man he has observed a continuous formation of renal 
tubules and glomeruli up to several days after birth. As to 

the human kidney opinions may be divided into two groups. 
According to Toldt (’74) and Felix (’12), the new formation con- 

tinues during the first week or ten days after birth. According 

to Eckardt (’88), Herring (’00) and Stoerk (’04), on the other 

hand, the new formation ceases during the late fetal period, 
about the eighth or ninth month. 

In the following table of data quoted by Policard (’09) there 
is a series of apparent errors. The names of Huschke and 

Schweigger-Seidel are evidently interchanged. A zero lias been 
added to the number of Malpighian corpuscles given by Miller 
and Carlton (’95), changing the number from 16,000 to 160,000. 

Peter (’09) found the number of uriniferous tubules in the cat 
to be 200,000 to 300,000 instead of 1024, and I cannot find his 

estimate of 300,000 uriniferous tubules in the dog as quoted by 

Policard. : 
Table by Policard ('09) 

NOMBRE DE 
ESPECES TUBES AUTEURS 

URINAIRES 

REONIG Te MIRC «ccc st nea wec hes aes 2,000,000 | Schweigger-Seidel 

EROMIINGS ey fot Aemen euieeres Side gest ag eeee ees 560,000 | Sappey 

I HIGTINY 5) d- Sad oe MAES» fe Rais x18 et 300,000 | Peter 

MOE? Sta ie Soe ta oe cw ai Sa ratio 500,000 | Huschke 
PEG sec. oe entra tt F5 k os, cieiave ee 160,000 | Miller et Carlton 

RORY oa tak; OE CEE ade wa aden ; 1,024 | Peter 
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b. Number of renal corpuscles per cubic millimeter of cortex. 

The number of corpuscles per cubie millimeter of cortex in the 

rat at the various ages is shown in table 2. There is a steady 
reduction in the number per cubic millimeter from 1057 at birth 

to 75 at thirty-five weeks, considering only fully formed corpuscles. 
If the developing corpuscles are counted with those fully formed, 
the number per cubic millimeter at birth is 1586. 

‘These results are in general agreement with those of Waschetko 

(14), who counted the number of corpuscles in a microscopie 
field of known area, and estimated therefrom the number per 

cubic millimeter in the albino rat. He found a decrease in the 

number of renal corpuscles per cubie millimeter of cortex from 

1125 at birth to 814.5 at one week, 706.5 at two weeks, 1017 at 

three weeks, 571.5 at four weeks, and 567 at five weeks. Aside 

from the exceptional figure at three weeks, the general decrease 

is evident. Eckardt (’88) first noted this reduction in the human 
kidney, where he found, in the same microscopic field area, an 

average of 122.1 corpuscles in the newborn and only 9.35 in the 

adult. Schweigger-Seidel (’65) estimated about 5 renal cor- 
puscles per cubic millimeter in the renal cortex of the adult pig 

and about 6 in man. Thus in the pig and man the renal cor- 

puscles are apparently far less abundant relatively than in the 

rat. 

‘h--steady decrease in the number of renal corpuscles per 

cubic millime+er of cortex from birth to adult life is due partly to 

the growth of tn., corpuscles themselves (as will be shown later), 

but chiefly to the gre wth and expansion of the convoluted tubules, 
resulting in a wider se),,;ation of the corpuscles. 

c. Diameter and volume, of the renal corpuscles. The diameters 
of the renal corpuscles of ty, outer zone (table 5, columns a, b, ¢) 
show but little change du. jng the first two weeks, while new 
corpuscles are forming. Th, maximum diameter shows (in 
this series, at least) an appare 1+ decrease from 78 to 70 micra. 
The minimum diameter remain. | stationary at about 40 micra, 

representing the diameter of thi, newly developing corpuscles 
during this period. The average giameter of the corpuscles in 
the outer zone thus shows an ADD. .ont decrease ftom 5a aaa 
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and 51 miera, probably due to a relatively greater number of 

small corpuscles present at these periods. From three weeks 

to the adult (35 weeks) there is a constant increase in maximum 

diameter (89 to 140 micra), in minimum diameter (51 to 121 

micra) and in average diameter (56 to 127 micra). If we com- 

pare the number of corpuscles in a field containing equal areas 

of the outer and inner zones of the cortex (table 5, column g) 

there appears a continuous decrease, however, in the relative 

number of corpuscles in the outer zone area from 57.5 per cent 

at birth to 50 per cent in the adult. That is, the corpuscles are 
more closely crowded together in the outer zone, which contains 

the younger corpuscles, a uniform distribution not being at- 
tained until the adult stage is approached. 

In the inner zone of the cortex, the maximum, minimum, and 

average diameters of the corpuscles in the kidneys of the new- 

born and one week rats are accordingly considerably larger than 

in the outer zone (table 5, columns d, e, f). The maximum 

diameter in the inner zone shows an apparent decrease from 104 

to 89 micra between birth and two weeks, and, in the same 

period, the minimum diameter decreases from 56 to 51 micra. 

The average diameter accordingly decreases from 73 micra at 

birth to 58 micra at two weeks. From two weeks on they all 
increase; the maximum diameter increasing from 89 micra at 

three weeks to 140 micra in the adult, the minimum from 51 

micra at three weeks to 123 micra in the adult and the average 

diameter from 58 micra at three weeks to 127 micya in the adult. 

As compared with the outer zone, the relative number of cor- 

puscles in the inner zone (in a field containing equal areas of 

each zone) shows an increase from 42.5 per cent in the newborn 

to 50 per cent in the adult. 

‘The average diameter of a renal corpuscle in the entire cortex 

(table 5, column h and i) is obtained from the preceding data, 

with corrections as explained previously under ‘Material and 

methods.” This average diameter likewise shows a decrease 

during the first two weeks from 64 micra to 54 micra (column h) 

or from 62 micra to 53 micra as finally corrected (column i). 
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From the second week onward there appears a continuous in- 

crease up to am average of 127 micra in the adult (at 35 weeks). 

Although the average size of the renal corpuscle decreases 
slightly during the first two weeks, the total volume of the 

corpuscles shows a steady increase during this time (table 5, 

column }). The smaller average size of the corpuscles is evidently 
more than counterbalanced by the increase in number of cor- 

puscles between birth and two weeks of age. The increase in 

total volume of the corpuscles continues, increasing from 1.29475 

cu. mm. at birth to 29.89560 cu. mm. in kidney of the adult 

rat (at thirty-five weeks). 
Some data for comparison are cited in table 4. 

Miller and Carlton (95) found the average diameter of the 

renal corpuscles in an adult cat to be 102.7 micra, which is - 

somewhat less than that found by me for the rat (127 micra). 
Owing to their extremely low estimated number of corpuscles, 

their resulting total volume of the corpuscles in the cat is only 

9.04 cu. mm. Peter ('07), hpwever, found a somewhat larger 

average diameter (124 micra) for the corpuscles in the cat’s 

kidney, which is nearly the same as my average for the rat. He 

estimafed the average number of corpuscles in the cat at 250,000, 
however, corresponding to a much greater total volume of the 

corpuscles (141.37 mm.). 

Eckardt (’88) found the average diameter of the human renal 

corpuscles to increase from an average of 84.77 micra in the 
newborn to 195.80 micra in the adult female, and to 213.49 micra 
in the adult male. Kiilz (’99) in the cortex of the human kidney 

at birth found the average diameter of the corpuscles in the inner 
zone to be 138 micra, while those of the outer zone averaged only 

99 micra. Those of the inner zone showed no increase in size 

up to two and one-fourth years of age, but those of the outer 
zone during this time increased to the same average diameter, 
138 micra. He found the average diameter in the adult to be 

238 micra. 
Schweigger-Seidel (’65) estimated the average diameter of the 

corpuscles in the human adult kidney at 200 micra. Using the 
two estimates of the total number of corpuscles in the human 
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kidney, Huschke’s (’28) of 2,100,000 and Sappey’s (’89) of 560,000, 
we obtain total volumes respectively of 8796.48 and 2345.72 

eu. mm. If the number of corpuscles as estimated by me 

(1,040,000) is used, a total volume of 4356.35 cu. mm. for the 
corpuscles is obtained. 

d. Ratio of the total volume of the renal corpuscles to that of the 

renal cortex, and to the total kidney volume. As seen in table, 5, 

the ratios of the total volume of the renal corpuscles to the total 
volume of the cortex and of the whole kidney (cortex and medulla) 

are somewhat variable. Thus the ratio between corpuscles 

and cortex varies from 1: 7.6 in the newborn to 1:17 at twelve 
weeks. In other words, the percentage of cortical volume formed 

by the corpuscles varies from a maximum of about 13 per cent 

in the newborn to a minimum of about 6 per cent at twelve’ 

weeks. At the other ages, the results are intermediate. In the 

adult rat (thirty-five weeks) the corpuscles form about 8 per 

cent of the cortical volume. 
The corresponding ratio between total volume of corpuscles 

and total kidney volume (cortex and medulla) varies from about 

1:10 (10 per cent) in the newborn to 1: 25 (4 per cent) at twelve 

weeks. In the adult rat, the ratio is about 1:17, the corpuscles 

forming about 6 per cent of the total kidney volume. 

It is therefore evident that in total volume the renal corpuscles 

are relatively greatest in the newborn, the older stages showing 

an irregular decrease in their relative volume. To what extent 

this irregularity is due to individual variation it is of course 
impossible to say. 

Some data for comparison are cited in table 4. 

In an adult eat, Miller and Carlton (’95) found the ratio 

between total volume of the renal corpuscles and the total 

cortical volume to be 1: 996 and the ratio between total volume 

of the corpuscles and total kidney volume to be 1: 1427. These 
extreme ratios are due to their low estimate for the number of 

corpuscles. Peter (’07), however, as before mentioned, esti- 

mated the total volume of the renal corpuscles in the cat to be 

141.37 cu. mm. If we use this estimate, together with the total 

cortical volume and total kidney volume as given by Miller and 
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Carlton (’95), we find the ratio between total volume of corpuscles 

and total cortical volume to be 1:64, while the ratio between 
total volume of corpuscles and total kidney. volume becomes 

1:91. These ratios are more nearly comparable to the corre- 

sponding ratios for the rat, though still very high (see tables 

4 and 5). 

In order to make a similar estimate for the human kidney, it 

is necessary to have data for the total cortical volume and total 
kidney volume in the normal adult kidney. According to my 
observations on one kidney, the human renal cortex measures 
about 93,000 cu. mm., the total volume of the corresponding 

kidney (cortex and medulla) being 143,000 cu. mm. (table 4). 
Taking Schweigger-Seidel’s estimate of 0.200 mm. for the aver- 

age diameter of the renal corpuscle, the ratios between total 
volume of renal corpuscles and total cortical volume will vary 
according to the estimated total number of corpuscles. The 
ratios accordingly are 1:10 for Huschke’s (28) estimate; 1:39 

for Sappey’s (’89) and 1:21 for my own estimate. The corre- 

sponding ratios between total volume of corpuscles and total 

kidney volume become 1:16 (Huschke); 1:61 (Sappey) and 
1:33 (Kittelson). It may be further noted that Huschke’s 

data give a ratio of 1: 16 between total volume of renal corpuscles 

and total kidney volume instead of 1:8 as stated by Schweigger- 

Seidel (65). 
Even excluding the aberrant data of Miller and Carlton, it 

would appear that the relative total volume of the renal cor- 

puscles, as compared with total cortical or kidney volume, is 

in the rat much nearer to the human than it is in the cat. ; 

SUMMARY 

A careful volumetric study of the cortex and medulla, to- 

gether with complete numerical counting of the renal (Mal- 
pighian) corpuscles, was made upon serial sections of the kidney 
of the albino rat at birth, one, two, three, seven and twelve weeks 

of age. The volumes of cortex and medulla were also measured 

in an adult rat (thirty-five weeks). The volumes of cortex 

and medulla were also measured, and the number of corpuscles 
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estimated, in an adult human kidney. The principal results 
may be summarized briefly as follows. 

1. The postnatal growth of the cortex in the rat’s kidney is 

fairly uniform, showing in comparison with the entire body a 
relative increase between birth and two weeks of age, decreasing 
slightly thereafter. — 

2. The growth of the medulla in the rat’s kidney is more 

varied. Its rate of growth between birth and three weeks of age 

increases much more rapidly than that of the cortex or of the 
entire body, and also decreases more rapidly thereafter. The 

characteristic curve of relative growth for the entire kidney, 

increasing to a maximum at three weeks and decreasing there- 

fore is therefore apparently due largely to the varying rate of 

growth in the medulla. 

3. The volumetric ratio of medulla to cortex in the rat’s 

kidney changes from 1: 3.05 at birth to 1: 2.91 at the age of one 
week; 1: 2.02 at two weeks, 1:1.50 at three weeks, 1: 2.10 at 

seven weeks and 1:2.00 at twelve weeks, and 1:2.87 in the 

adult. Linear measurements are inadequate to indicate the 
volumetric relations. 

4. The total number of fully formed renal corpuscles found in 

the kidney of the newborn rat is 10,465, or 15,533 including those 

incompletely formed. The number increases to 19,682 at one 

week, or 26,598 including those which are not fully formed. At 

two weeks there are 24,061 (plus about 30 incompletely formed) ; 

25,930 were counted at three weeks; 28,583 at seven weeks and 

28,863 at twelve weeks. ‘ 

5. The total number of corpuscles in the rat’s kidney is ap- 

parently reached during the third postnatal week, as but few 

could be found in process of formation at the age of two weeks 

and none at three weeks or thereafter. The apparent slight 

increase in the total number of corpuscles at seven and twelve 

weeks is therefore probably due to individual variation. 

6. The number of fully formed corpuscles per cubic millimeter 

of cortex in the kidney of the rat decreases from 1057 (or 1586, 

including the incomplete) at birth to 131 at twelve weeks, and to 

75 in an adult at thirty-five weeks. 
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7. The average diameter of the renal corpuscles increases 
from about 62 micra in the newborn to about 127 micra in the 

adult rat. There is an apparent decrease in the average size 

of the corpuscles at one and two weeks, due perhaps to a larger 

proportion of the small young corpuscles at these periods. 
8. The total (relative) volume of the renal corpuscles forms 

about 13 per cent of the cortex, or 10 per cent of the kidney, 
in the newborn. Later the-relative volume of the corpuscles 
decreases irregularly, forming at twelve weeks only about 6 

per cent of the cortex or 4 per cent of the total kidney (both cor- 

tex and medulla). 

9. In an adult human kidney, the cortex measured about 

93,000 cu. mm. and the medulla 48,000 cu. mm. The number 

of corpuscles was estimated at 1,040,000, with a total volume of 
4356.35 cu. mm., forming 1/21 of the total cortical volume of 

1/33 of the total kidney volume (both cortex and medulla). 

- 
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AN ANOMALOUS CASE OF BLOOD FORMATION IN THE 
CONNECTIVE TISSUE OF THE SCIATIC 

NERVE IN MAN 
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SIX FIGURES 

Among the slides in use in the Department of Histology and 
Embryology of Cornell University, Ithaca, N. Y., my attention 

was called some time ago to sections of sciatic nerve from a new- 

born child, in which were cells apparently of the hematopoietic 
series in the interfunicular connective tissue. A very little 

study under high magnification shows beyond a doubt that 
here in the connective tissue surrounding and very closely asso- 

ciated with the smaller vessels of the nerve, certain phases, at 

least, of blood cell formation were in progress when the tissue 

was fixed. 
A number of questions immediately come to mind. What 

blood cells are being formed? From what are they derived? 
Are the hemoblasts arising from local mesodermal cells, or are 

they ‘sown’ by the blood vessels? Do the cells ever get into the 

circulation? To what other blood-forming organs are these 

groups comparable? What special condition caused these 

processes to go on?, ete. Of course all of these questions may not 

be answered fully and surely. The preparations themselves 
stand in the way of this, and also the fact that very little is 

known concerning the individual from whom the tissue was 
taken. But even with the little which is positive, the probabili- 

ties and possibilities in the case Should be of sufficient interest 

to justify a short description. 
As above mentioned, the child died at birth. The data card 

shows no account for the death, but a remark, added after some 
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of the tissue had been examined suggests the existence of leu- 

kemia. [xaminations of tissue at hand shows little or no evi- 

dence of this effect. Sections of the liver, I am told, show acute 

parenchymatis hepatitis. In preparations of trachea and eso- 

phagus, bladder, and thymus, no pathological condition was 

noted. There is no data to tell what part of the nerve was 

sectioned, but as a good-sized artery appears attached to it in 

many of the sections, it would seem that this is the inferior 

gluteal artery, and that the section of the nerve which was pre- 

pared was taken close to its passage through the sciatic notch. 

Other portions of the nerve have been recently sectioned, but 

as little or no hematopoietic tissue appears, one concludes that 

the region in which the activity was going on is restricted to 

only a small portion of the nerve. However, the fact that simi- 

lar groups of cells are found surrounding intrinsic vessels of the 

externa of the near-by artery, and also, to some extent in the 

adventitia of the bladder leads one to the belief that the hema- 
topoiesis in the connective tissue is general and not merely of 

local origin. 

In the nerve the connective tissue is abundant and not very 

dense, so that the connective tissue spaces between the nerve 

bundles are large. Practically no fat appears, and the blood 

vessels are more abundant, or at least more in evidence that in 

similar preparations from other individuals. In close connection 
with the smaller of these vessels (arterioles, capillaries, and 

venules), are found the groups of blood-forming cells. One 

notices two characteristic appearances to these groups which is 

striking, although transitional forms are abundant. One is 
small, compact, and confined to a small (round) area, closely 

surrounding the small vessels, and here in some cases the uni- 

formity and arrangement of the cells would at first lead to the 

belief that only lymphocytes are being produced. The other 

extreme shows the cells diffused out into the connective tissue 

so that a large interfunicular space is filled with cells, densely 

massed around the blood vessels and scattered through the 
connective tissue at the periphery. Here the cells are always of a 

variety of types whose character and arrangement will be dis- 
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cussed later. Although the sections are not serial, it would seem 

that these groups extend longitudinally along the course of the 

vessels. 

After a good deal of study I have come to the conclusion that 

only one process is going on here to any noticeable extent, and 

that the differently appearing groups merely represent different 
stages in this process, namely erythrogenesis. As all the larger 

groups and some of the smaller ones contain erythroblasts, and 

there seems to be no production of granulocytes, the presence of 
erythroblasts.and their degree of differentiation gives some kind 

of a clue as to the stage of the separate groups of cells, and what 

seems to be the relative ‘age’ of the groups as well. Whether 
or not the stem cells migrated from the blood vessels, I believe 

that very few erythrocytes or erythroblasts find their way into 
vascular channels, and as they have not been observed degener- 

ating in the tissues, it is fair evidence for believing that the proc- 

ess has not been going on long. As young stages are always 

found, there is no reason for believing that the activity has 

ceased in any of the groups observed. 
The tissue was prepared under the direction of 8. H. Gage in 

1901 or 1902. It was fixed in Miiller’s fluid, and afterward put 

for a short time in Hermann’s fluid. The several pieces were 

all imbedded in paraffin. The most favorable portion, by mis- 

fortune, was sectioned for class use and very well stained with 

Delafield’s haematoxylin, and eosin, However, some of the 

tissue I have cut, and stained with eosin-methylene blue blood 

stains. Nuclear detail is naturally not well preserved. 

There are a number of different types of cells present. The 

smaller groups in which there are no late erythroblasts or ery- 

throcytes present, contain two types of cells which are found to 

intergrade. One resembles a small lymphocyte, with dark 
staining nucleus. The other type shows a large. pale basophilic 

nucleus with a narrow rim of cytoplasm. These latter are at 
first small with basophilic cytoplasm, but in the older groups 

where definite erythroblasts are present, they are larger and their 
cytoplasm is acidophilic to a varying degree. In the rather 
loose connective tissue around the periphery may often be found 
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fibroblasts whose processes are apparently being awn in and 

whose cell bodies are rounding up. This might mesthat they 

were contributing to the formation of the group, or at some 

agent emanating from the blood vessels caused thei to so 
transform. One can easily imagine the small cells to celop 

from the modified fibroblasts, but the cells are not preswed 

well enough, or the stains specific enough to definitely determe 

this. Often the appearance would lead one to the opinion thi 

the mother cells were derived from the blood vessels, so closel; 
is the group formed around their walls. 

At any rate the beginning seems to be the small cells, for they 

are numerous in the smaller (younger) groups, where early 

hemoglobin-containing cells are absent, and hardly to be found 

in the older stages. Forms transitional to the large cell type 

are very evident in the younger groups. Some groups are found 

consisting almost entirely of these larger cells, with perhaps one 

or two of the smaller type and a few in which the cytoplasmic 

margin is becoming thicker and is seen to contain hemoglobin, 

and whose nuclei are smaller and more darkly staining. Other 

places show every degree of change between the large cells and 

typical erythroblasts. 

The larger groups are irregular and contain various transitional 

forms from the large cells to adult erythrocytes, although the 

latter are not very conspicuous or abundant. Around the pe- 

riphery (now much farther from the vessels) may still be found 
the rounding-off fibroblasts. The boundaries of these proliferat- 

ing centers are not well defined, the cells occupying spaces be- 

tween connective tissue fibers. The different cell types are found 

nearly everywhere. It is interesting to note, however, that the 

large cells (erythrocytoblasts?) are most numerous (proliferat- 

ing most) in close relation to the blood vessels, while the defini- 

tive erythroblasts and erythrocytes appear to be crowded out 
into the periphery of the cell group. 

The production of erythroblasts and likewise erythrocytes 
is somewhat irregular, for the former vary greatly in size, most 

of them being larger than normal, while the erythrocytes found 

in the connective tissue spaces are as a rule larger than those in 
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the neighboring blood vessels. It would seem that this whole 
process of red blood cell formation is still at an early stage or 

that it is somewhat abortive, for if it was progressing to its nor- 

mal conclusion, non-nucleated red cells would be more abundant. 
Nowhere, however, does there seem to be a superabundance of 

erythroblasts; nor does it seem that the mature erythrocytes 

Fig. 1 Young group showing compact arrangement around small vessels. 

Apparently later stage than shown in figure 4, but no cells of type 5 (see fig. 2) 

are present. This is detail of group D figure 3. Fb, fibroblast; B.V., small 

vessel; Cap, capillary; Hc, erythrocyte in blood vessel. For cell types 1, 2, 3. 
and 4, see figure 2. 3a, form transitional from type 3 to 4. 

Fig. 2 1. Cell type found in early cell groups and sometimes in margins of 

older stages. Nucleus dark, cytoplasm does not stain easily, apparently quite 
amoeboid. These cells very much resemble the transforming fibroblasts (figs. 

1,4,and5). 2. Cell similar to /, but found more adundantly in early cell groups. 

Although no line can be drawn between them, this would represent a cell of more 

regular character, with less cytoplasm and presenting a less amoeboid appearance 

(figs. 1, 4, and 5). 8. Type found abundantly in early groups (figs. 1 and 4). 

Forms transitional to 4 are easily found, (fig. 1, 3a). 4. Cell with large pale 

nucleus and scant amount of slightly basophilic cytoplasm. Abundant in figures 
4 and 1, and transitional to definite erythrocytoblasts (5) so extensively found in 

all later or ‘mature’ localizations of erythrogenetic activity described here, (figs. 
5 and 6). 4. Erythrocytoblast. Nucleus similar to that of number 4. Cells 
somewhat larger. Cytoplasm variably acidophilic. 6. Transitional to definitive 
erythoblast. Nucleus more darkly staining than the former, cytoplasm mark- 
edly acidophilic. 7. Large erythroblast. 8. Small erythroblast. 9. Erythro- 
blast with irregularly divided nucleus, which suggests the extrustion of the 

smaller portion. Other somewhat similar cells were observed. 10. Erythro- 

cytes found in the connective tissue. 1/. Erythrocyte from blood vessel. 
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were finding their way to the blood channels, for in no place have 

I found the vessel walls to be incomplete, and the oldér cells are 

apt to be found somewhat removed from the vessels. 
Although nothing is conclusive, there is a probability that the 

fibroblasts contribute to the formation of these erythropoietic 
cell groups. They without doubt are transformed morphologic- 
ally, and the query arises, into what are they developed. In at 
least one place, cells of the larger type are developing between 

Fig. 3 The whole nerve is shown, although the (inferior gluteal) artery, 

which occupies a position on the left, has been omitted. The abundance of 
loose connective tissue around the nerve bundles and their sheaths, should be 
noted. The comparatively large arteries entering the nerve at this point may 

account for the abundant supply of smaller vessels occupying interfunicular 

positions. The latter are two small to be easily demonstrated in this drawing, 
although their position in most cases has been indicated. At A, note the large 
group of hematopoietic cells, and their proximity to an artery of considerable 
size. This group is shown in some detail in figure 6. B, C, and D show less 

extensive accumulations of hematopoietic cells, similar in their size and arrange- 
ment to figures 1 and 5. 

Fig. 4 Here is represented a very early group of cells. The close relation 
to the small vessels (BV and Cap) will be noted as well as the space in the con- 

nective tissue in which they are found. Normal fibroblasts are shown in the 
tissue surrounding the group (Fb), and also various stages of transforming 

fibroblasts (Fb'). Most of the cells present are typified by large pale nuclei and 
a narrow rim of slightly basophilic cytoplasm, (type 4). Cells with smaller 
darker staining nuclei are also shown (/ and 2). One erythrecytoblast with 
acidophilic cytoplasm is seen (5). No definitive erythroblasts are present. 

Fig. 5 A stage later than the one in figure 4 is shown. Erythrocytoblasts 

predominate. These grade evenly into definitive erythroblasts (Eb). The 

nuclei at first show a deeper staining power. As this increases both cell and 

nucleus become more regularly spherical. Accompanying the above changes the 
nucleus becomes smaller, while the cell remains the same size, and hemoglobin 

becomes concentrated in the cytoplasm. Most of the erythroblasts are about 
half the volume of the larger ones. A division is implied, but good examples of 
division stages have not been found. No erythrocytes are present here, and the 
size and character of the group shows the stage to be comparatively early. 

Fig. 6 Region showing an advanced stage. Detail of group shown at A in 

figure 3. Note the abundance of erythrocytoblasts in the region surrounding 
the small blood vessel. Here definitive erythroblasts are comparatively few, 

while farther out in the connective tissue they are the most abundant cell form. 
Erythrocytes (Ec) are seen scattered through the connective tissue. They are 

considerably larger than those in the blood vessels. Nerve bundles occupy 
positions at the left, top, and right. A very small strand of nerve fibers is shown 

in the lower left hand corner (NV), and beside an artery is seen (Arf). 
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the definitely arranged connective tissue fibers of the perineur- 

ium, and are oval, as if formed from fibroblasts without in any 

way changing their position. Normal fibroblasts in this region 
are absent, except at the margins where they seem to intergrade. 

Only four or five polymorphonuclear cells (probably neutro- 

philes) and two eosinophiles were observed in all the sections, 

and their presence seems of little significance. 

No clue has been found regarding the reason for this abnormal 
localization of erythropoietic activity. 

Of the well established seats of hematopoiesis, the relations 

are most comparable with the localizations in the fetal liver, 

which is recognized by Maximow to be within the connective 
tissue and is largely erythrogenetic. The bone marrow differs 

greatly in that the activity is granulogenetic as well as erythro- 

genetic, and this, together with whatever other processes may 

be going on, makes the picture very complex, instead of simple. 

If in the ease here described, the stem cells are derived from 

mesodermal cells in loco, the comparison with early formation 

in the mammalian yolk-sac might be made, but here the mother 

cells would be fibroblasts, not mesenchyme, or the less distantly 

differentiated reticular cells. 

The most direct comparison I have been able to find in mam- 

mals, is the condition in the interlobular connective tissue of the 

fetal thymus described by Badertscher.! Even here the proec- 

ess of erythrogenesis is accompanied by granulogenesis. It 

may be of some interest to note that, contrary to the general 
rule, no megakaryocytes were found. 

‘Che ‘lymphocytes’ present I believe to be lymphoid hemo- 

blasts so that these cells do not correspond in any direct way to 
the lympxhocytes of the blood, unless we concede the latter 

erythro, or } nolygenetic potentialities. 

I have found no reference to blood formation within a nerve. 
That it shoulc] in this case have localized here seems to be merely 

because, with’ the general stimulation to erythrogenesis, the 

‘J. A. Badertsché +r, 1915, Development of the thymus in the pig. II. Histo- 

genesis. Am. Jour. A nat., vol. 17, no. 4, pp. 437-487. 
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conditions here were favorable. The blood supply is rich, the 
connective tissue spaces are ample, and there is no interference 
with any rapidly growing organ. What might be found if 
various parts of this body could have been examined might 
very possibly show similar localizations in similarly favorable 
locations. 

THE ANATOMICAL RECORD, VOL. 13, No.6 
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THREE FIGURES 

Probably the most beneficial part of a student’s laboratory drawings 
is the close study he applies to minute structures in order to correctly 
reproduce them on paper. These two factors of inspection and re- 
production give rise to the problem of how detailed his work should 
be. When,has he seen the essentials in a given piece of work and when 
has he made a good drawing of them, are the gist of the problem. Usu- 
ally, as in a general course in embryology, he is confronted by a great 
amount of detailed material, numerous textbook figures many of them 
elaborately overdrawn, and very limited time in which to cover the 
course. ‘his means that the instructor must give him constant and 
special attention or he is bewildered. It is impossible for an instructor 
to give each student this amount of personal oversight consequently 
many students may go quite through the course before they have the 
slightest ray of light upon what they are doing. Even with the best 
efforts of the instructor many of the sections are selected at random 
and the result is a collection of drawings disconnected and unrelated. 
Often they adhere too closely to textbook figures rather than to original 
studies, and represent a vague and incoherent grasp of the subject 
on the part of the student. In trying to overcome some of these dif- 
ficulties the writer has gradually worked out a scheme which he finds to 
be quite satisfactory as a definite, uncomplicated, and rounded out plan. 
The details of the scheme are not given here but only the principal 
points which it is hoped may be of use to others. 

After the student has studied the introductory subjects, primitive 
cell masses, germ layers, and foetal membranes, -and has gone over 
more in detail his chick material, whole mounts and serial sections, he 
begins a detailed study of pig and human embryos by systems. His 
first step is to make a careful study and drawing, from his own speci- 
men, of the lateral surface of the pig. In this he gives special atten- 
tion to contour lines of the body, and the general position, shape, and 
relationship of the larger structures such as branchial clefts, eye, heart, 
liver, mesonephros, and limb buds. Then he makes a similar drawing 
of a mid plane sagittal section in which he again emphasizes the general 
aspect of the structures. These two drawings are finished in detail 
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only to the extent that they show the general position, shape, and 
relationship of the important structures, consequently they are more 
easily understood and are of greater value in explaining his cross sec- 
tions later. By a glance at these drawings he can easily see why he 
may have a portion of the fore brain and hind brain in the same sec- 
tion, and why the heart’s apex may appear in a section with the liver. 
For making these and all other drawings he used a simple projection 
box, a modification of Begg’s apparatus (Anatomical Record, 715) 
and by this means his work is not only more accurately done but is 
easier for him. 

He now takes up the study of the entodermal or digestive tract. 
This system is used as a center or building line about which all other 
structures are studied and drawn. Earlier attempts at the formation 
of this plan made use of other systems as the building line, but were 
rejected in favor of the entodermal tract. The nervous system came 
more nearly giving the desired results, in that it extends through the 
entire series and is easy to identify and study, but on strict test it 
proves to be more difficult for the student to grasp its details, espe- 
cially in the brain region, and its uniformity throughout tht rest of its 
length does not permit of selecting definite important levels for study, 
such as are afforded by the intestinal tract and its diverticulae. His 
procedure is to trace the tube down the series and note certain definite 
places where important changes or developments are discovered. Be- 
ginning with the tongue he locates the most distinctive part of the 
organ, the tuberculum impar, which he finishes in detail with any other 
structures connected with the digestive mechanism, palate, pharyn- 
geal pouches, ete. The section in which he found the tuberculum he 
draws in outline, except the structures just named, and numbers it as 
it comes in the series. Next he finds the section showing the pharynx 
proper where it appears as a transverse slit and draws it in outline, 
numbering it serially, but finishes the pharynx and related structures in 
detail. Then he studies the tube on down to where the tracheal diver- 
ticulum appears and repeats the procedure. In this way he continues 
the study of the tube, stopping at different places and making the out- 
line of the sections, numbering them serially, but working out in detail 
all entodermal structures. The places he selects after the above named 
are, the right apical lung bud, the bifurcation of the trachea (fig. 1), 
the obliquely placed stomach (fig. 2), the entrance of the dorsal pan- 
creatic duct into the duodenum (fig. 3) the intestinal loop in the body 
stalk, point of exit of the allantois from the cloaca, point of entrance of 
mesonephric ducts into cloaca, and tail gut. 

After the completion of the digestive tract he studies the circulatory 
system. For this he does not make a new set of drawings, but goes 
over the outlines in which he studied the entodermal tract and draws 
the blood vascular mechanism as it appears in each. In the tongue 
section he draws just such aspect of carotid arteries and jugular veins 
that appear here. Then in the next section where he studied the phar- 
ynx he again draws the vessels which appear, and so on successively to 
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the last section, completing in detail the blood vessels in each (see 
duplicate A). He next goes over the urogenital system after the same 
manner, selecting the sections where he first studied the digestive tube, 
and later the circulatory system, and fills in the details of this system 
in each drawing (see duplicates b). He follows this scheme in studying 
all the rest of the systems and structures, nervous system, ductless 
glands, face, limbs, until his drawings contain the whole of the body. 
In all the systems he must study carefully his own series for no text- 
book figures will show him structures properly adjusted to his ento- 
dermal drawings with which he began.. If there are important struc- 
tures or places in any system which are found in sections coming 
between any two given sections, he draws those features as inserts, plac- 
ing them at the side of an adjacent figure (see duplicate bz.) In his 
final study of the nervous system he will have several new sections of the 
head end to draw which may now be more easily selected by working 
forward from his starting point, the tongue. These sections are the 
seventh-eighth nerve mechanism, the origin of the third, and the origin 
of the fourth nerves. 

The advantages of this scheme may now be briefly stated. The 
student has a definite plan of work; he knows where to begin and how 
to proceed. He studies and draws only one system at a time and at 
the time he is being given lectures and demonstrations upon that 
system. He will have the greater familiarity with all the systems since 
he is continually reviewing each by taking up a new one, going over the 
same series of drawings. The number of drawings is reduced to the 
minimum, fourteen to eighteen, but these are selected for a definite 
purpose and are structurally closely related. The collection of draw- 
ings shows a systematic, related, and completed succession of steps 
by which the student has gained a more concise and clearer grasp of 
his subject. One objection has been made to the plan that after the 
first system has been studied at given levels all other systems are 
arbitrarily studied at these same levels, thereby the student loses 
the selective search over the series in these systems, and he may 
even leave out some important feature in each. This last point may 
be disposed of by referring to the insert method (see duplicate br), 
and as for the first point, while he makes his studies and drawings at 
arbitrary levels, selected originally for the entodermal tract, still he 
finds most all important features in the other systems at these levels. 
And as for not studying each system continuously through the series 
but jumping immediately to the selected levels, this still compels him 
to draw each system at more than one level, thus giving him greater 
familiarity with each under different aspects, and does not exclude such 
a careful scanning either. Finally it must be said that no claim of 
superiority is made for this scheme over the reconstruction method, in 
the hands of special students, but in general class work, with limited 
time, the students of ordinary ability will have better results with the 
former method. 
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Figs. 1, 2, and 3 are selected from the whole number of drawings to 

illustrate how the student first makes the outline of sections at given levels, 
numbering them serially, but finishes all entodermal structures. 

Duplicates a and b are here used to show that the student, by the aid of his 
serial numbers, has gone back over the same sections and has studied and drawn 

the vascular system in a and Iater the urogenital system in b. It must be under- 
stood that he does not make these duplicates in his drawings but they are used 
in this paper to illustrate the repeated study over the same outlines. 

Insert X shows how he would draw an insert, in this instance the ventral pan- 

creas attached to the hepatic diverticulum near the junction of that duct and the i 

duodenum. 
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ONE FIGURE 

INTRODUCTION 

Morgan (’13) has defined gynandromorphism as a condition 

in which one part of the body is like the male and the other like 

the female. This difference may be one of the sex glands or 
| merely of the secondary sexual characteristics or both. 

| In many groups of animals the differences in size, color and 
shape between the male and the female are very striking. 

is particularly true among the insects where sexual dimorphism 

is so marked that not seldom have the male and the female been 

| placed in different species and even in different genera. These 
differences are all the more noticeable when this condition appears 
in distinct parts of the same animal as, for example, a moth with 
one side very dark and without distinct color pattern and the 

other light with conspicuous color pattern»or a pheasant having 
the long brilliantly colored feathers of metallic luster of the male 

bird on the one side and the short somber feathers of the female 

on the other and one foot with a large spur, the other without a 

spur. 

GYNANDROMORPHS IN DIFFERENT CLASSES OF ANIMALS 

More cases of gynandromorphism have been reported among 

insects than among any other class of animals. Except for the 

famous ‘Eugster Bees’ perhaps the greatest number are found 
among the Lepidoptera. Gynandromorphs are found so fre- 

quently in insects and so rarely in other forms that it is not sur- 

‘Contribution from the Zoological Laboratory, Wansas State Agricultural 
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prising that Morgan should say that they occur almost exclu- 
sively in insects and rarely or never in birds or mammals. Al- 

though this statement approaches the truth, yet among other 

Arthopoda, Bertkau gives examples of various Crustacea and 

two of Arachnida. The presence of the male and female sex 

elements in the same animal is not uncommon ‘in the fish and 
not infrequent in the Amphibia. In some Amphibia (King ’10), 

this condition is accompanied by differences in external sexual 

characteristics. Among the birds, Bond (’14) gives an account 

of a gynandromorphous pheasant and Poll (’09) of a bullfinch. 

The latter author also refers to a case of a flicker and a chaffinch. 

In mammals gynandromorphism has been reported to have 

occurred in goats, pigs and man. Pick (’14) describes testicular 

tissue in different regions of the same gonad in the pig. It has 
been suggested that the free-martin among cattle affords a close 

parallel to the gynandromorphs in insects, in which the second- 

ary sexual characteristics of the two sexes are segregated to the 

opposite sides of the body. It might be added that this sugges- 

tion is based upon the theory that the twin calves of which the 

free-martin is one, arise from a single zygote which separated 
into two parts during the early segmentations. Lillie (716) 

throws considerable doubt upon this theory of the cause of free- 

martins. His evidence indicates that the free-martin is a true 

female and that the twins are not from the same zygote but from 

separate ova. The writer would raise the question whether or 

not the cow described by Pearl and Surface (’15) which took on 

the secondary characteristies of a bull should not also be consid- 

ered as a case of gynandromorphism in mammals. 

Many cases of partial segregation of secondary sexual charac- 

ters to opposite parts of the body have been known in man. Gar- 

rigues in the Medical Record, New York, states that he knew an 

individual who looked like a male on the left side and a female 

on the right side. Seldom, however, is the segregation perfectly 

halved. Gudernatsch (11) says that hermaphroditism in the 

sense of separate ovaries and testes has not been demonstrated 

in man nor even in other mammals beyond a doubt. He de- 

scribed a case of an individual forty years old who had the ex- 
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ternal genitalia of the female type. The clitoris was enlarged 
with the opening of the urethra on the ventral side. No uterus 

was present and the vagina ended blindly. The Mullerian ducts 

had been lost. An abortive prostate-like gland was attached to 

the urethra. A tumor was removed from the right inguinal 
canal which had the form of a testis with an epididymis attached. 

Histological examination showed that it was an ovo-testis. In 

the other inguinal canal was another smaller gland, but it was 

not removed. ‘There is little doubt, however, but that it was a 

sex gland. No other sex glands were present. 

The discovery in our laboratory of a cat with a testis on the 
left side and an ovo-testis on the right side adds another instance 

of gynandromorphism among mammals. The secondary sexual 

characteristics as well as the structure of the external genitalia 

are unknown. However, each sex gland was in the normal posi- 

tion for a cat of that sex. 

DESCRIPTION OF THE GYNANDROMORPHOUS CAT 

The cat referred to was about two-thirds grown. It had a 

testis on the left side and what proved to be an ovo-testis on the 

right side. The animal had been killed, skinned and _ partially 

dissected before its peculiarity had been discovered. The sero- 

tal sac and the external genitalia had been removed. ‘The draw- 

ing shows a frontal-lateral view of the urinogenital system. The 
urinary bladder was pulled somewhat to the right side in order 

to show the entrance of the vas deferens and uterus to the urethra. 
The testis which is about the size and shape of a navy bean is 

entirely on the outside of the body cavity ventrad and to the 

‘left of the ventral border of the pubis. It has all the appear- 

ances of a normal testis. ‘The spermatic cord extends from the 

testis through the oblique muscle, where it divides into the vas 
deferens and the spermatic vein and artery. The vas deferens 
extends anteriorly until it curves over the ureter where it con- 

tinues caudad dorsal to the neck of the urinary bladder. It 

pierces the prostate gland and enters the urethra about half be- 

tween the base of the urinary bladder and the exterior. The 
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prostate gland of the left side is larger than the one on the right 
side, although there seems to be one on the right side. 

The ovo-testis is located on the right side of the body a little 
posterior to the kidney. Anterior to the ovo-testis and partially 
surrounding$it is the ostium tubae abdominale. The ovarian 

Fig. 1 The urinogenital system of a gynandromorphous cat. 1, kidney; 2, 

ureter; 8, large intestine; 4, spermatic vein and artery; 46, vas deferens; 6, pros- 

tate gland; 7, urethra; 8, urinogenital opening; 9, testis; 10, ovarian vein; 11, 

ovarian artery; /2, ostium tubae abdominale; 13, ovo-testis; 14, uterine tube; 

15, round ligament; /6, cornua of uterus; 17, urinary bladder; /8, neck of bladder, 

artery and the ovarian vein extend to the left from the gland. 

Extending from the ostium tubae abdominale is the uterine tube 

which continues caudad almost parallel to the vas deferens. It 

enters the urethra through the abortive right prostate gland. 

The sex gland and the uterine tube are held in place by the broad 

ligament and the round ligament. 
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Although the fixation was poor, the material being preserved 

merely for the gross anatomy, a bistological examination reveals 

that a portion of the gland is arranged in strands similar to the 

arrangement of the semeniferous tubules of the testis, but no 

lumen is present. ‘There are also parts of this gland which are 

made up of cells similar to the normal stroma cells of a cat 

ovary. Among these stroma cells are two nests of cells each of 

which is composed of a large central cell surrounded by a number 

of smaller cells. ‘The whole group has decidedly the appearance 
of a young Graafian follicle. 

The reproductive system of the left side of the animal has the 

appearance of a normal male in every respect, while the right 

side has the appearance of a normal female with the exception of 

the shape of the ovo-testis and the almost uniform size of the 
uterine tube and the cornua uterus. This latter difference is not 

- significant since the cat is a young one. The angularity of the 
ovo-testis may be due to the pressure of the other internal organs 

at the time it was preserved. 

THEORIES AS TO THE CAUSE OF GYNANDROMORPHISM 

Gynandromorphs and gynandromorphism are of interest be- 

yond the mere fact of their occurrence on account of the bearing 

they have upon other mooted questions such as, sex determina- 
tion, heredity, the individuality of chromosomes, the réle of 

chromosomes in heredity, sex dimorphism and others. The fact, 
that of the gynandromorphs of known ancestry a large number 

are among hybrids, is significant. 
From the evidence obtained from the Eugster bees, Boveri 

(’88) suggested that gynandomorphism may be due to the unit- 
ing of the male pronucleus with only one pole of the egg nucleus 

which had begun to divide parthenogenetically, and that the fused 
male and female nucleus gives rise to the female part of the 

animal. Later Morgan (’05) suggested that the Pugster gynan- 
dromorphs might be the result of polyspermy. One of the sper- 

matozoa might unite with the egg nucleus and another one or 

more give rise to another segmentation nucleus. The former 
would give rise to the female side of the body. As a corollary 
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to his hypothesis Morgan states that if male-determining and 

female-determining spermatozoa exist, that both kinds have en- 

tered the egg and the female-determining spermatozo6n has 

united with the egg nucleus. He gives as his reason for suggest- 

ing this hypothesis that as is generally admitted but not proved 

beyond a doubt that, in bees, fertilized eggs produce females and 

unfertilized eggs produce males, that polyspermy is not assumed 

but is known to occur at times in bees and that such animals 

as the bee which produce parthenogenetically, experiment should 

easily show which part of the gynandromorph is paternal and 

which maternal. 

Unfortunately von Siebold (’64) in his description of the 
EKugster bees did not state which side of the gynandromorphous 

bees was like the Italian or queen bee nor which side was like the 
German bee or father. Later, Boveri (15) obtained from Mu- 

nich a jar of alcoholic specimens which turned’ out to be those 
which von Siebold had obtained. On account of their having 

been in aleohol for so long a time the color was mostly gone, but 

careful examination showed that the male parts of the gynandro- 

morphs are like the Italian bees while the female parts are like 

the German bees. As Morgan (16) says, ‘‘this conclusion gives. 

a decisive answer in favor of his (Boveri’s) hypothesis and sets 

my own (Morgan’s) aside for this case at least.” 

Previous to the re-examination of the Eugster bees Morgan 

cited the evidence obtained from a cross between two silk-worm 

moths as proof of his hypothesis. The female belonged to a 
European breed having striped caterpillars, the male belonged 
to the common Japanese breed having unstriped caterpillars. 

Two of the hybrids had the left side of the body striped and the 

right side unstriped. According to Morgan, the striped side is 

due to the combined nuclei, the other side due to the sperm nu- 

cleus alone, therefore paternal. According to Boveri the pater- 

nal side is the result of the combined nucleus. If this be true, 

since it is known that the striped condition is dominant both 
sides should be striped. Furthermore it is known that both 

males and females among these moths may be produced par- 

thenogenetically. 
eee 
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Bridges ('16) suggests that there are not male and female 

spermatozoa, but.the sex is determined by the presence or ab- 

sence of certain specific chromosomes. When two or more 

X-chromosomes are present in a zygote, no matter from whence 

they came the resultant individual will be a female. If there 

are not at least two X-chromosomes in a zygote the resultant 

individual will be a male. He further accounts for the presence 
of more than two sex-chromosomes in a single zygote by non- 

disjunction. He suggests that if the same sort of primary non- 

disjunction which has been assumed to give rise to XX*X' cells 

in an XX female should take place at a cleavage stage gynandro- 

morphs would result. If this non-disjunction should take place 

in a very early cleavage, particularly the first one, the individual 

would be a lateral gynandromorph but if it should take place in 

later cleavages, the individual would be a mosaic. This theory 

is based upon the work on Drosophila. 

Seopoli suggested that this halved gynandromorphous Pha- 
Jaena pini was formed by the fusion of two pupae in one 

cocoon. 

Doncaster has suggested that a gynandromorph is produced 

by the fertilization of a binucleate ovum by two spermatozoa, 

one a male-determining and the other a female-determining 

spermatozoon. 

Menzel supposed in case of the Eugster bees, that the queen 

was malformed and that the progress of the ova were so slow 

that they began to segment parthenogenetically and later were 
fertilized. 

Goldschmidt (12) has obtained a great number of gynandro- 

morphs in crosses between Lymantria dispar and L. japonica, 

which were always of three kinds, female and male gynandro- 
morphs and ‘weibchenmiinnchen.’ These were always absent in 
certain crosses and present in definite proportions in others. He 

accounts for these on the hypothesis of the relative potencies of 
the sex factors in different races. With certain assumptions they * 

occur in a perfect Mendelian ratio. 

When the male factor is dominant it is more potent than the 
female factor, but when two such female factors are present they 
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are more potent than the single male factor. The factors for 

the secondary sexual characters behave in like manner. 

As to gynandromorphism in birds, Poll (’09) suggested that 

the occurrence of the testis on the right side of the body was as- 

sociated with the right ovary which normally atrophies and the 
testis of the left side is associated with the secondary male char- 

acteristics. Coekayne ('15) says that gynandromorphous birds 
are lateral genetic hermaphrodites and are all alike in having a 

testis on the male side and an ovary on the female side. 

DISCUSSION 

Both the theory of Boveri and Morgan assume that the nu- 
cleus is the bearer of hereditary characteristics which is less gen- 

erally accepted than that unfertilized eggs produce male bees. 

While the weight of evidence is that the nucleus is, at least, a 

large factor in determining the hereditary characteristics it is 

far from being conclusively proved that it is the only factor. In 

the cases cited as evidence for each of the hypotheses little is 
known of the behavior of normal hybrids in heredity which 
would be necessary to account for the behavior of such abnormal 
hybrids as gynandromorphs. Both hypotheses assume a very 

early localization of the tissue, as early as the first cleavage stage, 

and that all the cells arising from one blastomere must give 

rise to one side of the body, those from the other must give rise to 

the other side of the body. Moreover, each hypothesis accounts 

for bilateral gynandromorphs only and does not account for the 

mosaic or mixed gynandromorphs. In addition the cases of the 

bird, the pig, the cat and man having an ovo-testis can scarcely 

be explained in accordance with these theories. 

Like the two theories previously discussed, the theory of non- 

disjunction assumes the all-important réle of the nucleus as the 
bearer of the hereditary characteristics and further more that 

.the chromosomes are qualitatively different. The author has 
failed to explain the presence of secondary sexual characteristics 
of the sex on the side of the animal which has the gonad for that 

sex. In the example which the author cites (Bridges, 16, pp. 
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136) the male side of the animal, according to his statement, 

should have the sex-linked characteristics of the female, there- 

fore, the secondary sexual characteristics of the female, if the 

secondary sexual characteristics are sex-linked. If the second- 
ary characteristics are not sex-linked the arrangement of the 

secondary sexual characteristics has not been accounted for. 
The writer fails to see how this theory can explain the gynan- 
dromorph having an ovo-testis and bilateral with reference to 
the secondary sexual characteristics. 

Doncaster’s theory assumes that the important factor is the 
spermatozo6n. However, he has shown that binucleate ova do 
actually exist and further he has shown the conjugation of a 

spermatozo6n with each nucleus and has seen the resultant 

mitoses. Yet, he has had no cases of gynandromorphism in the 
race in which he found binucleate ova. 

Goldschmidt’s theory is based upon the assumption of rela- 
tive potencies of male and female factors and as an assumption 
may explain cases of lateral gynandromorphs, but could scarcely 

explain mosaics and those cases with ovo-testis. 

The case of the pheasant as described by Bond seems to be 
contradictory to Poll’s suggestion as well as Cockayne’s statement 

for the secondary male characters were on the left side and only 

one sex gland was present. 

It seems that no theory thus far advanced serves to explain 
all cases. The solution o1 the cause of gynandromorphism rests 

upon the solution of at least two fundamental biological phe- 

nomena, the determination of sex and the determination of the 

secondary sexual characteristics. 

SUMMARY 

1. Gynandromorphs are comparatively common among in- 
sects and rare among other groups of the animal kingdom. 

2. Of the gynandromorphs of known ancestry many of them 

are among hybrids. 
3. The cat with an ovo-testis on one side and a testis on the 

other adds another gynandromorph to those recorded among 

mammals. 
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4. No one of the theories offered as an explanation of the 

cause of gynandromorphism seems to explain all cases of recorded 

gynandromorphs, 
5. The solution of the cause of gynandromorphism rests upon 

the solution of at least two fundamental biological phenomena, 
the determination of sex and the determination of the secondary 

sexual characteristics. 
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Cirurgia de Sado Paulo: Director, Prof. A. Bovero 

Numerous gaps exist in our knowledge of the histology of the 

various structures of the reptilia, and among these we may in- 
clude our lack of knowledge of the structures of the ciliary gan- 
glion or ganglia of the Ophidians. At the suggestion, therefore, of 
Professor Bovero we undertook a series of histological researches 

upon the ciliary ganglia of these vertebrates; not only on ac- 
count of the need of more exact knowledge of the structure of 
the ciliary ganglia in these forms, but also because we found it 
very easy to acquire the necessary material for this study, since 

we are located in the neighborhood of the Instituto Butantan, 

which possesses the largest collections of living Ophidians in the 

world. 

The researches directed to the knowledge of the morphology of 

the cellular elements of the ciliary ganglion and its connections 
are of a relatively recent date. After the few researches made 

by G. Retzius, Michel and d’Erchia, with the Golgi silver-chro- 
mate method, which did not throw much light on their cellular 

morphology, the number of researches increased with the intro- 

duction of the photographic method of Ramon y Cajal, a method 
which has permitted us to extend our knowledge of this subject, 

especially after the investigations of G. Sala, v. Lenhossek, Car- 

penter, Kuntz and Pitzorno. 

The sympathetic nature of the ciliary ganglion has been 

shown by physiological methods and has also been demonstrated 
histologically in a large series of observations and researches, 

some of a very recent date (Chiarugi, Carpenter, Kuntz, Gan- 

fini, Riquier, Beccari, Bruni). 

437 
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The purely histological studies on the ciliary ganglion of the 

Reptiles are much fewer in number than those dealing with the 

development of this and other ganglia of the cephalic sympathetic 

on the same vertebrates. Indeed they are limited to one contribu- 

tion of v. Lenhossek,' in which he studied the ciliary ganglion of 

the Lacerta agilis, L. muralis, L. viridis among the Lacertidae; 
of the Tropidonotus, Coluber, and Zamenis among the Ophidians; 

of the Testudo graeca and Emys lutaria among the Chelonians; 

and another one of Pitzorno,? who studied the said ganglion 

among the following Chelonians:—Thalassochelys carreta, Tes- 
tudo nemoralis, Testudo graeca. 

If we limit ourselves more specially to the study of the Ophid- 

ians, we will then see that the only data that we possess are the. 

observations of v. Lenhossek and this one limited to the Euro- 

pean specimens of small size. 

For this reason, when we undertook our researches upon the 

ciliary ganglion of the Ophidians, we endeavored to direct our 

attention to the greatest possible number of individuals of the 
most variable species, varying in size and age, giving especial at- 

tention to the specimens of large size. 

The following are the species investigated by us in the present 

research: 

Lachesis atrox (Jararacussti), L. lanceolatus (Jararaca), L. 

alternatus (Urutt), Crotalus terrificus (Cascavel), Driniobius bi- 

fossatus (Jararacussti d’agua), Boa constrictor (Giboia), Elaps 
(Coraes of various kinds). 

It is very necessary to use a large number of individuals on 

account of the extreme difficulty of obtaining good staining by 

the method used, the reduced silver method of Ramon y Cajal in 

all its modifications. V. Lenhossek has previously deplored 

precariousness of this method and such inconvenience due to the 

refractiveness of the cells of the ciliary ganglion to the methods 

of silver nitrate reduction. 

'y. Lenhossek 1911 Das ciliarganglion der Reptilien. Anat. Anzeiger, Bd. 

10, no.2 u. 3. Archiv. f. mikrosk. Anat. Bd. 80, s. 80-106. 

?Pitzorno 1913 Contributo alla conoscenza della struttura del ganglio 

ciliare dei Cheloni. Arch. It. di Anat. e Embriol., v. 12, f. 30. 



CILIARY GANGLION’ OF OPHIDIANS 439 

The closure of the orbital cavity on the side of the cranial cavity 

makes it rather difficult to isolate the contents of the orbital 

cavity and eventually to isolate the ganglion or ganglionie com- 

plex of the oculomotor nerve. 
In the large specimens, specially in the Boa constrictor and Cro- 

talus terrificus, it was sometimes rather easy to dissect a large 

and evident ganglion in close proximity to the third nerve 

corresponding very probably to the proximal ganglion of vy. 

Lenhossek. 

We cannot state definitely as to the existence in the several 

species examined by us, of the two ganglia described by v. Len- 
hossek, however, although we had at our disposal complete 

series of sections and these were carefully studied we were able 
to observe but one ganglionic formation. 

In order to be reasonably assured of success it is advisable to 

use only fresh material and such as is in perfect condition; for 

the heads in which we found some inflammatory process in the or- 
bital cavity, as a result of traumatic manipulation during the ex- 

traction of the venom from the respective glands, proved to be 

useless. We also found it advisable to change repeatedly the 
silver nitrate solution and to leave the preparations for about 10 

to 15 days in the oven at 40°C. Even with the greatest care in 

many cases the impregnation is not successful or only partially 

so, as was the result in the great majority of our trials. 

The histological data obtained by us up to the present time 

are in most respects in accordance with those obtained by vy. 

Lenhossek. 
All the cells are typically unipolar, there being absent proto- 

plasmatice processes, the contour of the cells is even, as is the 
case, in other Reptiles and in Birds. On the other hand in the 

Chelonians there may exist protoplasmic prolongations, but 

they are few. We never observed any lobulation of the cells, as 

has been described in the ciliary ganglion of Chelonians by Pit- 
zorno, said lobes not being characteristic and exclusive of the 
sympathetic ganglia of the Chelonians, but exist also in the cells 

of the spinal ganglia of these same animals. Neither did we ob- 

serve in the cells of our specimens, the fenestrationed cells nor the 
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cells with prolongations forming loops. The cells shape is gen- 

erally spherical or pyriform, but many times specially in the re- 

gions of the ganglion where the cells are compactly arranged, 

these attain an elongated form. 

Our preparations do not give distinct evidence of a neurofibril- 

lar reticulum in the interior of the cell body, even after use of a 

number of the suggested variations of the Ramon y Cajal method; 
we have nevertheless observed an apparently homogeneous struc- 

ture demonstrated by v. Lenhossek. 

Each cell, no matter what its form, is enclosed in a very thin 

tissue capsule, which continues near the pole as a conic process. 

Contrary to what has been stated by v. Lenhossek, the amphy- 

cites nuclei are to be observed here and there. 

The single axone process detaches itself from the cell body as a 

small cone, which with its place of origin is uniformily turned 

toward the oculomotor nerve. The neuraxis filament follows a ° 

retrograde root in a more or less proximal direction and then 

leaves the fiber of the third nerve forming with them various 

angles and then taking a distal direction goes to form the ciliary 

nerves. 
Not rarely and specially in certain species, we could very fre- 

quently observe the origin of the neuraxis in the distal extremity 

of the cell, that is, in the opposed extremity to the habitual point 
of access or the oculomotor fibers to the ganglion cells. 

The neuraxes of the ciliary ganglion cells may be easily dis- 

tinguished from the afferent fibers of the ganglion, not only where 

these leave the nerve bundle, but also in the neighborhood of the 
cone of origin, by their smaller diameter and by reason of the fact 

that they take a paler tint than that taken by the afferent fibers. 

The initial course of the ciliary fiber is essentially as described 
by v. Lenhossek, that is, coursing within the afferent fiber through 

the capsule cone. In the great majority of the cases, the ciliary 

fiber is parallel to the course of the oculomotor fiber, however, 
the ciliary fiber are observed in some instances to form wide 

spirals around the oculomotor fiber; the ciliary fiber also be- 
comes very thin when it is in relation with the oculomotor fiber, 

but it enlarges abruptly as it recedes from it. 
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As was observed by v. Lenhossek in successful preparations, 
we observed between the even contour of the cell and the inner 

surface of the capsule, a fissure which cannot be interpreted as an 

artifact, but as being occupied by a thin syncytial stratum inelud- 
ing the amphycite nuclei of the pole and those for the remainder 

of the periphery of the ganglion cell, though the number of these 

latter may be scarce. 
The afferent fibers of the cilary ganglion are finer than those 

of the oculomotor nerve destined to the muscles; these fine fibers 

penetrate into the cone of the pericellular capsule, that is in the 
great majority of cases, at the same point from where the ciliary 

fibers have exit; the conic process is formed rather by the appo- 

sition of the capsule to the afferent and efferent fibers. 
The afferent fibers, as a rule, divide within this conic pro- 

longation, among the amphycyte nuclei in three or four very thin 
slightly contorted diverging branches, with few ramifications 

and, therefore, very rarely constituting a basket formation, 

which is very simple, when it exists, as has already been demon- 

strated by v. Lenhossek. Some of these ramifications end very 

quickly in the amphycite cone, but others, which are much more 

numerous, pass on as far as the surface of the polar extremity of 

the cell, where they terminate as free endings. 
The ramifications of the endocapsular fibers, by reason of their 

relatively straight course and their scarcity, are far from showing 

the very rich and elegant pericellular net, characteristic of the 

ciliary ganglion cells of the mammals. 
The ending of the endocapsular fibers takes place immediately 

on the cell surface as thickening or small dilations; we had 

oceasion to see repeatedly that these terminal expansions pre- 

sented themselves as voluminous rounded or oval balls and 
generally placed between the cell and the capsule, or even in 

relation to the amphycites cone. 
Whereas the fine endings of the oculomotor fiber are immedi- 

ately adjacent to the cellular body, the larger ramifications of the 
same afferent fibers run in the space between the cell and the eap- 
sule, that is, in the thin syncytial protoplasmic stratum to which 

we have already referred. 
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The majority of the details described by us are in essential 

very similar to those described by v. Lenhossek. 
This present communication is to be regarded of the character of 

a preliminary note. Further details it is expected will be ascer- 
tained on completion of more extended investigations with more 
abundant material. It is then hoped to publish the more ex- 

tensive data accompanied by the necessary figures. 
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ON THE CARTILAGINOUS TISSUE OF THE HEART OF 

OPHIDIA 

A. DE LEMOS TORRES 

From the Laboratorio de Anatomia e Histologia da Faculdade de Medicina e 
Cirurgia de Sao Paulo: Director, Prof. A. Bovero 

While stationed at the Laboratory of Histology of the Sao 

Paulo Medical School, we had the opportunity to apply to the 
hearts of Ophidia, the methods of elective staining and subse- 

quent clearing of the cartilage, as proposed by Lundwall. 

It was shown by the researches of Favaro! which had been in 

part published when we began our studies on the heart of Snakes, 

that there exists in the ‘septum intermedium’ of the Tropidonotus 
natrix, a small Ophidium which is not poisonous and very com- 

mon in Europe, an accumulation of a vesicular connective tissue, 
known as mucous tissue, by Greil. 

This was known with reference to the hearts of other reptiles. 
This tissue is composed of large, vesicular, polyhedral or ir- 

regularly rounded cells, among which is found a small amount 

of chondromucoid ground substance. This ground substance 

surrounds the cells, forming more or less complete septa, which 

make up as a whole a species of alveolar stroma. 
The application of Lundwall’s methods for the staining of car- 

tilage (fixation with formalin or with alcohol, remaining in alco- 

hol for more than 48 hours, staining with acid solution of methyl 

green, or of toluidine blue, discoloration with alcohol 95 per cent, 
dehydration, clearing with benzol), was suggested to us by Pro- 

fessor Bovero. 
We had in mind when we applied this method to the hearts of 

some Ophidia, to verify the existence of cartilaginous tissue, 

'Favaro, G. Ricerche embriologiche e Anatomiche intorno al cuore dei 
vertebrati. Parte prima 1913. Parte seconda 1914. Padova, Fratelli 

Drucker, Editori. 

AS 



444 A. DE LEMOS TORRES 

which had already been done for other reptiles, and to note es- 

pecially if there was any modification of this cartilage so far as 

the size or the age of our Ophidia was concerned. 
Thus, thanks to the kindness of Dr. Vital Brazil we had an 

opportunity to make these researches on the hearts of a great 
number of snakes, belonging to the following species:—Lachesis 

Neuwiedii, Crotalus terrificus, Lachesis alternatus, Lachesis lan- 

ceolatus, and, two more species of the Oxirhopus variety. 

We obtained invariably the same result in all the hearts pre- 
pared by us according to Lundwall’s method (we used always 
methyl green, Cogit), that is, at the basis of the ventricles corre- 

sponding to the ‘Sulcus atrioventricularis’ there is always a zone 
not very well marked at its periphery, which absorbs the colour- 

ing substance very readily, but the colour which is obtained is 

always much paler and less intense than the solution used. 
This zone which appears as a green spot does not discolour, 

even after a prolonged lapse of time, but is only clearly evident 
after the clearing by benzol. 

We did not observe any difference worth mentioning among 

the species of Ophidia which we used, we noted, however, that 

the larger the heart was mm comparison with the size of animal, 

the more intense was the colouring, and the more distinct was the 

outlines of the coloured zone. 
We made microscopical sections from several hearts, in order 

to demonstrate the exact position of the area which absorbs the 
methyl green, while the rest of the heart was discoloured. These 
sections were made in series perpendicularly to the axis of the 

heart. 

A study of these serial sections enabled us to demonstrate that 

the zone thus coloured in green by Lundwall’s methods corre- 

sponds exactly to the septum intermedium, therefore, was the 

vesicular connective tissue described by Greil and by’Favaro in 

the Tropidonotus natrix. This tissue presented the character- 
istics described at the beginning of this article. 

Such a form of connective vesicular tissue corresponds to one 
of the stages of ontogenic development of the cartilaginous tis- 

sue. We observed that the substance of the septa interposed 

ee 
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between the vesicular cells has a great resistance and is very re- 

fractive. This substance appears always basophile, although not 

intensely so, this basophilic characteristic explains to us the fact 

that we obtained a green colouring with Lundwall’s method, 

elective for cartilage, so that this substance gave us the same re- 

action of the ground substance of the cartilage, but much less 

intense than if obtained by the same method applied, for in- 

stance, to hyaline cartilage. 

We have thought these facts worthy of record, since this 

method gives a rapid macroscopic demonstration in the Ophidia 

of the existence of a particular form of cartilaginous tissue (Pro- 

tocartilage, parenchymatous cartilage of Schiifer), the presence 

of which cartilage has only been demonstrable by microscopic 

examination (Greil and Favaro). 

These experiments of ours, prove that this particular form of 

tissue with chondromucoid substance repeats in the phylogenesis 
the evolution of the cartilaginous tissue of the individual, for 

corresponding to the same point where we found this vesicular 

tissue, there exists in animals of a higher class of development a 

tissue which is typically cartilaginous. 
We come therefore to the conclusion that Lundwall’s method, 

which is eminently elective, demonstrates in the heart of Ophidia, 
as cited above, the existence of this primitive form of cartilagi- 

nous tissue in the thickness of the intermediary septum which is 

evident by way in which it absorbs the colouring substance. 

It would be certainly very interesting to be able to continue 

with Lundwall’s method or with such modifications as experi- 

ences has shown to be opportune (Bovero), in the various classes, 

orders, and species of vertebrates, perhaps even at various age 
of representative of the various types, the existence and dis- 
tribution of the cartilaginous tissue of the heart. In this way 
the phylogenetic modifications of the various parts which repre- 

sent or constitute the cartilaginous skeleton of the heart would 

be demonstrated. 
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UY THE HIBLIOORAPHIC Senvick, prpeemnaneS 

STAINING OF ADULT CARTILAGE BY LUNDWALL’S 
METHODS 

J. MOREIRA DA ROCHA 
From Laboratories of Anatomy and Histology da Faculdade de Medicina e 

Cirurgia de Sio Paulo (Brazil): Director, Dr. A. Bovero 

In the Anatomical Section of the Primeiro Congresso Medico Paulista 
(December 5, 1916), I had the opportunity to present a series of ex- 
cellent preparations from various organs of the body possessing carti- 
laginous skeleton, which were obtained by methods based upon the chro- 
matic electivity of the cartilage and the clearing of the preparations. 

In the same month of December, G. Noback (Anatomical Record, 
vol 11, no. 5, 1916), called attention to the excellent results which may 
be obtained in the embryonal cartilage, by the method proposed by 
Van Wijhe, which according to the author is very little known. 

As we employed in the execution of our preparations of the adult 
cartilaginous skeleton, only the methods proposed by Lundwall (Anat. 
Anz., vol. 25, 1904; vol. 27, 1905; vol. 40, 1912) for the study of embry- 
onal cartilage, we think that, specially after the appearance of Noback’s 
note, it will be timely to give some considerations to this subject. 

In 1914, Professor Bovero’ had the occasion to present to the So- 
ciedade de Medicina e Cirurgia de Sao Paulo, a great number of prepa- 
rations of the cartilage of the plica semilunaris oculi (third eyelid) 
of man and other mammals, obtained with the methylgreen staining 
method proposed by Lundwall (’05) for the embryonal cartilage, hav- 
ing at that time called attention to the fact that the preparations were 
not only elegant and demonstrable but also permanent. 

Such preparations ara unstable only when prepared of embryonal 
cartilage, it being noticed that their degree of stability is in the direct 
ratio of the degree of maturity of the cartilaginous tissue. 

Following such steps in the laboratory, directed by Professor Bovero, 
we undertook to prepare a series of cartilaginous skeletons of the 
larynx, trachea and bronchi, of man and other vertebrate animals and 
of the cartilages of the nasal alae and septum; of the fibrous cartilage 
of the temporo-mandibular and sterno-clavicular joints; of the semilunar 
cartilages of the knee and of the caleaneous-astragalus-scaphoid joints; 
and of the cartilage of the auricle, all from man, but from different 
races and ages. 

Some of the preparations were obtained by the methods proposed 
by Lundwall for the staining of cartilage alone and others were ob- 
tained by such modifications of the method as experience showed us 
to be of advantage. 

447 
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The first method proposed by Lundwall, very well known now- 
a-days, which may be found in almost every text-book of histological 
technique (Ehrlich, Mosse and Krause, ’10; Carazzi and Levi, ’11, 
et cetera), as also in some special memories (Bruni, ’08), is based spe- 
cially upon the staining with a 1 to 1000 solution of methylgreen in 70 
per cent aleohol (lately the methylgreen has been substituted by 
toluidinblue) to which has been added a 7 to 1000 solution of acetic 
acid, with subsequent washing in 95 per cent. aleohol until the prepa- 
ration does not lose any more stain; dehydration by absolute alcohol; 
clearing by benzol changed many times; and finally conservation in a 
mixture of benzol, carbon sulphide and essence of peppermint. The 
changes made by Professor Bovero in this method, does not alter in 
any way the fundamental features of the method as devised by Lund- 
wall, but they are to a certain point an incorporation in Lundwall’s 
methods of analogous methods proposed by Bakay and by Van Wijhe. 

We observed many times the fact, that the methylgreen obtained 
from different sources or even that obtained from the same source but at 
different times, does not react the same in the presence of the ground 
substance of the cartilage, specially in regard to the electivity of the 
staining and also as regards its stability. The causes of such varia- 
tions in the action of the methylgreen, may be found in the fact that 
it is not a single stable compound, but a mixture of staining substances, 
and in fact that the different kinds of methylgreen employed by us, 
and with which we had negative or unsatisfactory results, had suffered 
some chemical decomposition. 

Having always in mind the idea of the basophilic character of the 
ground substance of the cartilage, we used, besides the methylgreen, 
other substances such as toluidin blue, methylenblue, methylviolet 
and safranine. In some. instances, we substituted the acetic acid by 
hydrochloric acid. The duration of the staining was largely modified 
as was also the temperature at which it took place, this, according to 
the size of the preparations and according to the varieties of cartilage 
that we tried to show. We used the benzol in very much less quantity 
than that advised by Lundwall, not only as a matter of economy but 
also because it was quite difficult to obtain this reagent here of the 
necessary purity. Thus, three, four or even more preparations were 
passed successively through the same amount of benzol. For this 
reason, it was necessary to leave the preparations immersed for a 
longer time in the benzol, to compensate for the less frequent change 
of the reagent. 

We may say, as a general rule, that no matter which staining sub- 
stance is used, its electivity for staining and its stability are in the direct 
ratio, as we have already said, not only to the maturity of the amor- 
phous ground substance of cartilage, but also, what may be readily under- 
stood, to the quantity of the ground substance. 

Therefore, we may establish a priori, that not only the adult, car- 
tilage is stainable with greater chromatic affinity and also with greater 
stability than the embryonal cartilage, but that among the different 
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varieties of adult cartilages, the hyaline variety will take the staining 
with greater electivity and with greater stability than the elastie and 
fibrous varieties, and this is readily verified in practice. 

What we have endeavored to explain may be readily demonstrated 
by the simple test of the way in which the cartilage of the larynx and 
trachea behaves as against that of the knee and of the auricle. 

Bearing closely to what we have said, we may add that it is neces- 
sary to watch with greater attention the decoloration of the elastic 
and fibrous cartilages’, whereas it is not necessary to use such care as 
regards the hyaline cartilage. 

. Another advice may be given in regard to the embryonal and foetal 
cartilages, that is, that the conditions being the same, the staining with 
methylenblue or methylviolet, or with the toluidin blue is much more 
stable than with the methylgreen. 

By the examination of our preparations we may conclude that such 
methods to demonstrate the cartilaginous tissue, always give constant 
and sure results and explain the possibility of a coming revision of full 
chapters of Anatomy dealing with the morphology of certain and de- 
termined cartilaginous organs, which were previously studied by the 
dissecting and macerating methods, followed by the desiccation of the 
cartilaginous pieces. 

Our assertion seems to be perfectly justifiable in as much as none of 
these methods are as satisfactory to the one in which the cartilage is 
stained. 

The revision of the morphology of the cartilaginous organs may 
give very good results, not only in regard to the larger hyaline car- 
tilages (larynx, trachea, bronchi, nasal septum, et cetera,) but also as 
regards the study of the extension and topography of the amorphous 
ground substance in the fibrous cartilages, for example. We believe as 
regards this point of view that with the methods employed by us, com- 
bined with the methods for histologic research, interesting and new re- 
sults may be obtained. Certainly, the free use of the methods of 
staining of the cartilaginous pieces in toto and their demonstration 
through the soft tissues promises to give many good results in any 
systematic studies which may be undertaken. On some of these, we 
expect to contribute very soon with personal and especial researches 
which we will develop during this year. 
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AUTHOR'S ABSTRACT OF THIS PAPER IS 

SUED BY THE BIBLIOGHAPHIC SERVICE 

ON THE DEVELOPMENT OF THE LYMPHATICS IN 
THE HEART OF THE EMBRYO PIG 

JAMES R. CASH 

Anatomical Laboratory of the Johns Hopkins University 

This problem was approached by way of embryology pri- 

marily, because extensive lymphatic injections, in the adult 
heart, are impossible due to numerous valves in the lymphatic 

vessels. In embryos under 60 mm. in length the valves have 

not formed and retrograde injection of the cardiac lymphaties 

is quite possible under the proper conditions. Also by obsery- 

ing the origin of the vessels in younger embryos and several 

further stages in their development it appears evident that ob- 

servations made on the adult heart can be more rationally in- 

terpreted and the solution of the problem will be much nearer 

complete than if conclusions were drawn from the adult speci- 

mens alone. 

The literature on the nature of the lymphatics of the heart 
is very scanty. The most pretentious and generally accepted 

work being that of H. Boek of Munich. 
Ranvier (’95) comes to the conclusion that there is consider- 

able free space in the myocardium (that is, space between the 
muscle cells and blood vessels) and that this space is lymphatic 

in nature. This assumption is based on the fact that pericardial 

lymphatics can be injected by plunging the needle at random 
into the myocardium at any point. Thus the intercellular spaces 
and the lymphatics were supposed to be in direct connection. 
So the entire heart is considered to be a ‘lymphatic sponge,’ as 

Ranvier expressed it. 
Salvioli injected Berlin blue into the myocardium and made 

out what he thought were lymphatic vessels which ran in the 

connective tissue septa between the muscle bundles—but he 

could find no evidence of their connection with the intercellular 

spaces as advocated by Ranvier. 
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Albrecht ('87) in his work on the heart muscle, made an ap- 
parently very painstaking investigation of the subject. He in- 

jected the living heart, thus using its natural movement to dis- 
tribute the injection mass. He came,to the conclusion that the 

large |ymphatie trunks lay in the spaces between the muscle 

cells. ‘These large trunks he thought, were connected by straight 

lymphatic vessels of smaller size, which run at about right angles 
to the long diameter of the heart muscle cells and arrange them- 

selves into a capillary network in the interior of the adjoining 

muscle bundle. The lymphatic vessels were observed to be 

straight and were differentiated from blood vessels which exhibit 

multiple and acute branching, and by the observation that blood 
vessels ran parallel to the long diameter of the muscle cells. 

Within the muscle bundle the lymphatic capillary network in- 

cludes a muscle cell within each of its meshes. Albrecht made 
the further observation that the intercellular spaces which con- 
tain the large lymphatic trunks were not entirely filled by them, 
but that the lymphatic vessels lying in these spaces had their own 
walls, and that when injected, they could be seen lying over to 

one side of the space which was apparently empty. These spaces 

observed by Albrecht, were probably artefacts due to shrinkage 

of the tissue. Thus Albrecht concluded that an intercellular 
lymphatic capillary network existed with its own walls, and that 
it was in connection with the great interfasicular vessels which 
lay in the large spaces in the heart muscle (Henle spaces). 

Bock (’05) eriticized these statements of Albrecht severely. 

He points out very truly that in the previous work, the great 

discrepancy in reports lay in mistaking blood vessels for lym- 
phaties. He attempted solution of the problem by making in- 

jections of both blood vessels and lymphatics in the same heart 
with different colored injection masses. The heart was placed 

in physiological salt solution and heated to body temperature, 

then kneaded thoroughly by hand to expel as much blood as pos- 

sible. Cannulas were placed in the coronary arteries and car- 

mine gelatine injected under pressure, thus filling the blood yes- 
sels with red. Berlin blue was then introduced quite forcibly into 

the myocardium near the apex, by puncture with a hypodermic 

—_————— 
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needle. The lymphatics of that area were thus supposedly in- 
jected, the blood vessels being already full of gelatine. The re- 

lations of the two systems of vessels should thus be demonstrated. 

The injected areas were cut out and sectioned. From their 

examination Bock reached the following conclusions: 

1) Das Lymphgefiissnetz stellt ein wandhaltiges intermuskular ver- 
laufendes Rohrensystem dar, genau wie die Blutkapillar Gefiisssystem, 
nur noch vielgestaltiger und reichhaltiger. 

2) Jede Muskelzelle hat ein Lymphkapillargefiiss vielfach auch deren 
zwei und ein Blutkapillargefiiss. 

3) Lymph- und Blutkapillaren liegen meist dicht neben einander. 
4) Lymphkapillaren vérlaufen wie die Blutkapillaren parallel den 

Muskelzellen und ist die Muskelfibrille hiufig von einer Anastomose 
zur langsverlaufenden Lymphkapillaren umspannt. 

5) Die Lymphkapillaren sammeln sich in grossen Lymphbahnen. 
6) Eine wirkliche Kommunikation mit spalten zwischen Muskeln 

konnte nirgends nachgewiesen werden. 
7) Die Muskelzellen liegen in normalen Herzen ohne Spalten dicht 

nebeneinander und lassen nur Raum fiir die Lymph- und Blutkapil- 
laren frei. 

8) Spalten zwischen Muskelzellen sind pathologische und stets mit 
Bindgewebe ausgefiillt. 

Thus Bock is of the opinion that the lymphatics of the heart» 
though following closely the pattern of the blood vessels, are 
much more numerous. 

The most satisfactory method of approach to these problems 

in the study of lymphatics is through their embryology. The 
lymphatic vessels under study are thus followed through several 

stages of embryonic life. 
Such was the method of procedure in this work, and it is of- 

fered as an addition to the series of embryological studies of lym- 

phaties which have come from this laboratory. Embryo pigs of 

three stages were injected. At that time injections were made 
of both blood vessels and lymphatics of adult pigs’ hearts. 

MATERIAL 

Pregnant uteri, recently removed from the body, were ob- 

tained from an abattoir near the laboratory. The hearts of the 
embryos were still beating regularly when the injections were 

made. 
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The embryos were approximately of three stages: 1) 25 to 35 

mm. in length, showing the downgrowth of the right and left 
lymphatic ducts, both of which may be seen giving off branches 
to the trachea and lungs. Also the right duct may be seen 
sending off a branch to the heart forming a superficial plexus on 

its surface. 2) Embryos, 35 to 45 mm. in length, showing the 

formation of the aortic and tracheal plexuses by the right and 

left duets. The tracheal plexus may be seen giving off a rather 

large branch to the heart which is joined near its origin by the 

cardiac vessel, seen in the earlier stage coming from the right lym- 

phatie duet. 3) Embryos, 45 to 65 mm. in length, showing far 

greater richness of the lymphatic plexuses. The superficial 
cardiae plexus, seen in even the earliest injections, has increased 

greatly in area and its meshes are much smaller. The union of 

the two vessels from the right duct and the tracheal plexus is 

very well shown in embryos of this age. Embryos of greater 

length than 65 mm. could not be injected, due to formation of 

numerous valves and nodes along the course of the lymphatic 

vessels which prevents the injection from flowing. 

METHODS 

The embryos were injected with either a saturated aqueous 
solution of Berlin blue or India ink. Number 28 hypodermic 

needles in an ordinary hypodermic syringe were used for 

injecting. 
Injection was made from four sites. In the smallest embryos, 

the needle was introduced into the right jugular sac. By this 

method the right duct, passing down the right anterior cardinal 

vein and giving off a branch to the heart, was filled. In the 

other specimens (45 to 65 mm.), the tracheal plexus, giving off 

the cardiac vessel, and the tributary from the right duct were in- 

jected by introducing the needle into the region just dorsal to 

the superior vena cava, which has formed at this age. (Cunning- 
ham,’ 16, Figs. 1-2.) Most of the injections of these older embryos 
were made by placing the needle directly into the thoracie duct 

just above the diaphragm. The entire left side of the body wall 
of the embryo was hurriedly dissected away and the needle quickly 
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placed into the thoracie duct, which may be accurately located 

just between the azygos veins and the aorta. When injeeting, the 
pressure must be sudden and rather powerful. Even when the 

needle is properly placed in the duct and the pressure properly 
applied, very few embryos show heart lymphatics. This is quite 
different from the case of most lymphaties of the body which 

fill readily, once the injection mass has free access to them. 

There have been several instances when the thoracic duct has 
ruptured under pressure without filling the cardiac lymphaties. 

The explanation of this lies in a mechanical consideration of the 
origin of the cardiac vessels. The ready filling of the intestinal 
and mesenteric lymphatics upon injection into the retroperitoneal 
sac is evidently due to the numerous and large branches of origin 
and the rich anastomosis on the vessels springing from them: if 

one pathway is blocked, the injection can go by another route. 
Then, too, in this location, the point of injection where the pressure 

is applied is near the vessels to be filled. The situation of the heart 

is entirely different. The thoracic duct reaches the openings of 
the tracheal plexus, a very dense and complex mass of vessels. 

- From this plexus only one vessel goes to the heart, and this is the 

vessel that must be filled before the cardiac lymphatics can be in- 

jected from the thoracic duct. The tracheal plexus must be com- 

pletely injected before the cardiac branch will fill. Injections of 
the heart are by no means assured even when the proper technique 
is carried out in making them. This is due, in great part, to the 

fact that the thoracic duct opens into the veins. Thus, back pres- 

sure is reduced, which accordingly greatly lessens the chances of 

complete retrograde injection of the tracheal plexus from so low a 

region of the thoracic duct. Such difficulty was eliminated, to a 
great extent, by placing a clamp around the great vessels at the 

base of the heart just before injection. So, too, in this way ink 
was prevented from entering the right chambers of the heart by 
way of the veins, as it inevitably did in specimens injected with- 

out the clamp and so prevented the clearing of the heart for 
study. Injections were also made into the retroperitoneal sac, 

and, though filling the lymphatics of the lungs, diaphragm, 

stomach and intestines very well, all failed to fill any of the car- 
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diac vessels, the sac either rupturing under pressure or the injee- 

tion entering the veins. Immediately after injection the speci- 

mens were hardened and bleached in Carnoy’s fixing fluid... They 

were then transferred to 70 per cent alcohol and carried up the 

alcohols to absolute by 5 per cent changes and cleared by the 
Spalteholz method. 

The gross specimens were prepared by approximately the same 

method used by Bock. Instead of kneading the hearts by hand 

to expel the blood, they were perfused through the coronary ar- 

teries with Locke's solution. It was found that freshly filled 

hearts could be revived to contraction in this way and that 
more blood was expelled by their own movement than could be 

squeezed out by hand. During the perfusion, the heart was 
suspended in physiological saline heated to 37°C. After a few 

minutes’ perfusion, Locke’s solution was replaced by a satu- 

rated solution of Berlin blue which was forced through the coro- 

naries at 40 mm. Hg. pressure. Punctures were then made at 

various points into the myocardium with a hypodermic syringe, 

injecting India ink into the muscle in the effort to fill the neigh- 

boring lymphatics. No matter how carefully this procedure was - 

carried out, much of the ink flowed into blood vessels and the 

lymphaties injected at the same time could only be distinguished 
by their morphological characteristics; the color of the injected 

vessels counting for very little in their identification. 

It can readily be seen that this is a very crude method of 

injecting cardiac lymphatics; however, it is the only one avail- 

able since retrograde injection, through one of the large lymphatic 

vessels, lying just under the visceral pericardium, is impractical. 

This is due to the stoppage of the injection mass by the numerous 

valves in the cardiac vessels which begin to form at about 60 mm. 

By injections into the myocardium at random, it is evident that 

it is only by chance that lymphatic vessels will be struck, and when 
once entered there is no reason to think that all the lymphaties of 

a given area will be filled. So, final conclusions should not be 

drawn from specimens so injected without substantiating the 

pictures seen in them by further investigation. Inthe attempt to 

obtain such evidence the following experiment was performed :— 
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The left thoracic cavity of a cat was entered and several ribs 
just above the diaphragm resected. The parietal pericardium 
was split and several drops of ink injected into the myocardium 
of the beating heart. The ink that entered the blood vessels was 

quickly washed through them into the general circulation. Part 
of the ink could be seen to enter the pericardial |ymphaties im- 

mediately, but a good part of it remained as a circumscribed 

mass in the myocardium. The heart was allowed to beat from 

two to three hours in order that some of the ink might be ab- 
sorbed by surrounding lymphatics. By this method no blood 

vessels were filled with which to confuse lymphatic vessels. . The 
animal was then killed and strips of heart muscle in the regions 
of the injected drops of ink were fixed in 10 per cent formalin, 
cut in paraffin sections, stained in alum carmine for microscopic 

examination. One hundred mg. of luminal sodium was used an an 

anesthetic and found to depress the cardio-respiratory centers very 

little. Since one lung was collapsed, artificial respiration was 

given throughout the entire experiment by Quinby’s method of 

intra-tracheal insufflation (’09) at about 10 mm. Hg. pressure. 

The animal’s body temperature was maintained by placing the 

entire preparation in an asbestos lined box heated to 37°C. It 

was found that several drops of ink could be placed into the 

myocardium at various points without embarassment of the 

heart’s action. 
This work was begun at the suggestion of Dr. R. 5. Cunning- 

ham of this laboratory. I wish to thank him for the great as- 

sistance he has been to me. 

EMBRYOLOGY 

The lymphatics of the heart are found to arise from two sources: 

(1) the right lymphatic duct, which, in addition, gives rise to a 

lung vessel; (2) the tracheal plexus, which also sends vessels to 

the lungs. 
The thoracic duct is formed by the union of vessels growing 

down from the left jugular sac and another plexus of vessels 
which bud off from the median mesonephritie vein, Baetjer 

(08). The duct is shown to be a complete plexiform structure 
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in embryo pigs, 25 mm. long (Sabin ’13, Baetjer ‘08, Kampmeier 
12), 

The* development of the tracheal plexus has been carefully 

studied and deseribed by Cunningham in his work on lung lym- 

phatics ('16) from which I quote the following: 

About midway between the jugular anastomosis and the arch of the 
aorta, the thoracie duct leaves its position lateral to the trachea and 
bends downward to lie near the dorso-lateral border of the esophagus. 
In this position it comes down just behind the arch of the aorta. This 
transition is shown by Sabin (1913, figs. 12-13). Just as the duct be- 
gins to bend dorsally the earliest sprout to the lung is formed. At 
this point a single large vessel buds off from the thoracic duet and 
passes down over the arch of the aorta to the hilum of the lung. This 
vessel usually persists in the adult as one of the drainage trunks from 
the hilae nodes to the thoracic duct. From the region of the thoracic 
duct, where this vessel buds off to a point about the level of the aortic 
arch, a number of other vessels are formed very soon afterwards. These 
vessels arise very close together and grow across to the lateral wall of 
the trachea where they anastomose and form the primitive left tra- 
cheal plexus. They lie in the undifferentiated mesenchymal tissue that 
surrounds the tracheal lumen. These lymphatics have formed a plexus 
by the time the embryo has reached a length of 30 mm. From this 
plexus vessels grow across the trachea to anastomose with other vessels 
from the similar plexus on the opposite side; other lymphatics grow up 
the trachea and form a coarse meshed plexus around it. This is the 
anlage of the adult supply of that structure. But the most important 
of the branches of this plexus, as far as the present work is concerned, 
are those from the lower part. These pass down the trachea, and, 
being joined by other vessels that leave the duct near the arch, pass up 
over the bifureation into the lung. 

The primary lymphatics to the heart are evidently those coming 

from the right lymphatics duct. Sabin (Originand Development 

of the Lymphatic System, ’13) states: ‘‘The right lymphatic duct 

curves ventralward and grows to the heart and lungs.” Figure 

13 of that work shows the right duct just anterior to the heart 

and located dorso-laterally to the trachea in a 25 mm. pig embryo. 

Heuer ('09) (figs. 4 to 7) pictures a vessel from the thoracic 

duct which has every appearance of going to the heart. Though 

apparently leading to the heart, this vessel has never been seen 

to actually reach it; always entering the aortic plexus. It has 

been very constant in all the injections, but has never been seen 

in any way to connect with the cardiac lymphaties. 
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The right lymphatic duct arises, from the right jugular sac 

and runs posteriorly, following the right anterior cardinal vein 

dorsally. At the level of the right duct of Cuvier it divides into 
two branches, one going into the hilum of the lung and the other 

passing ventrally between the trachea and right duct of Cuvier 
behind the aortic arch and the pulmonary artery to reach the 
anterior aspect of the heart, just to the left of the conus ateri- 

osus. Injections of 40 mm. embryos show a large vessel branch- 

ing from the tracheal plexus at the base of the heart and turning 
ventrally near where the vessel from the right duct bends down. 
These two immediately anastomose by a single vessel and are 
seen to run closely parallel to each other. The branch from the 

right duct is evidently primary, preceding the branch from the 

tracheal plexus, which soon afterwards appears and follows its 

course to assist in the formation of the cardiac plexus. In some 
of the specimens, these two cardiac branches appeared almost 

as asingle vessel from their point of anastomosis. ‘The vessel to 

the heart from the right duct, together with the branch to the 

lungs, forms the early broncho-mediastinal trunk, the main 
pathway of cardiac drainage in the adult. However, they do not 
remain as two single vessels, but hecome plexiform in nature, re- 

ceiving the drainage of the bronchial, anterior and posterior 
mediastinal, and sternal glands. The two small cardiac vessels, in 

the embryo, pass anteriorly under the pulmonary artery, lying 

between it and the left auricle, to the auriculo-ventricular groove 

about .5 mm. from the root of the pulmonary artery. Here, 

on the anterior surface of the heart, they form a primary plexus 
which gives rise to two main branches which in turn branch to 

form the pericardial plexus. One main branch passes to the ” 
left around the base of the left ventricle, following the auriculo- 

ventricular groove, to the posterior interventricular septum, 
down which it sends a branch. The other branch of the pri- 

mary plexus passes around the base of the right ventricle and 

gives off a large branch, almost equal to itself in size, down the 
anterior interventricular septum, then passing around to the dor- 
sal view of the heart, anastomoses with the left branch. Thus it 
is evident that the lymphatic invasion of the heart takes place 
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along the larger blood vessels, as is characteristic of all lymphatie 

development. The main vessels passing around the ventricular 

bases and down the interventricular septa give off numerous 

anastomosing branches along their course, in this way forming 

the pericardial plexus. This plexus lies in the submesothelial 

connective tissue just under the visceral pericardium. I do not 

feel that any of the injections of this plexus have been complete; 

however, at 40 mm., the vessels passing down the interven- 

tricular septa have been filled almost to the apex and the peri- 

cardial plexus extending over at least one-half the surface area 

has been injected. At 60 mm. the meshes of this plexus are 
much finer and more of the heart is covered. Whether injec- 
tion is made through the right duct or the tracheal plexus there 
are only two vessels by which the heart lymphatics may be filled, 
so that, mechanically, it is very difficult to obtain good injee- 

tions. In the cleared specimens of the 60 mm. stage, no lym- 

phatic vessels could be seen extending down into the myocar- 

dium, but along the larger vessels of the pericardial plexus short 

lymphatic buds are visible, starting down into the heart muscle. 
At this stage none of the pericardial lymphatics can be filled by 

injecting into the myocardium, as is so readily done in the adult 
heart. This experiment has been tried on hearts from pigs vary- 

ing in size from 60 to 150 mm., and none of them show myocar- 

dial vessels to any great extent. Even in the 150 mm. embryos 
any of the surface lymphatics are only occasionally filled by in- 

jecting into the myocardium. Therefore, it appears that the 

pericardial plexus is formed almost completely before invasion 

of the myocardium takes place. Such inference seems logical, | 
for it is evidently easier for the lymphatic growth to take place 

in the loose connective tissue under the visceral pericardium than 

to invade the heart muscle itself. 

THE ADULT HEART 

Gross inspection of the adult heart reveals numerous lymphat- 

ics on its surface just under the visceral pericardium. They are 

slender vessels of uniform size and form frequent anastomoses. 

Their course may be nearly straight or zig-zag. There is a 
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large lymphatic vessel running down each side of the heart over 
the ventricular septum, and this receives a good many tributaries. 

The other surface lymphatics eventually drain into the large ves- 

sels along the auriculo-ventricular groove. ‘The meshes of the 

pericardial plexus are much larger, relatively, than those of the 

60 mm. embryo, at which time the plexus is approximately 

densest. As the heart increases in size the lymphaties are 
stretched out, so to speak, to cover it, the plexus thus becoming 

less dense. 

If a needle is plunged at random into the myocardium, some of 

the surface lymphatics can generally be filled. If a section is 

made of the ventricular wall and injection made from the cut 

edge near the pericardium, numerous surface lymphatics are al- 
ways filled. If injection is made at a lower level, say about half 

the thickness of the ventricle, surface lymphatics will generally 
be filled, but they are not so numerous as when injection is made 
nearer the surface. If injections are made at over two-thirds 

the distance from pericardium to endocardium, only occasionally 
will surface lymphatics be filled. Injections made just under 
the endocardium never fill pericardial lymphatics, and in no case 

was an endocardial plexus of lymphatics found. In several 

places the His bundle was entered, and I think that positive 
statements in regard to an endocardial lymphatic plexus are 

based upon injections of this system which have been mistaken 

for lymphatics. 

These observations indicate that there is a myocardial plexus 
draining into the pericardial plexus; and it appears that the 
vessels of the myocardial plexus become smaller and less numer- 
ous as they extend into the heart muscle. The relative difficulty 
of injecting them at different levels in the myocardium certainly 

calls for such an explanation. 
The method of preparation of the adult cleared specimens in 

which both lymphatics and blood vessels were injected, has al- 
ready been discussed. By cutting free hand sections about 2 
mm. in thickness from the injected regions, small areas can easily 
be found where blood vessels and lymphatics were both injected. 
The lymphatics are seen to follow the larger blood vessels, but 
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not as single accompanying vessels as described by Bock. In 

the areas where the injections seem most complete, each of the 

larger blood vessels was seen to be surrounded by a scanty lym- 
phatic plexus. The vessels making up these plexuses are all 

about the same size, and have comparatively few branches in 
comparison to the blood vessels. These lymphatics surrounding 

the larger blood vessels are connected by smaller vessels which 

complete the myocardial plexus. In many instances, these 

smaller lymphaties follow blood vessels, and, in others, can be 

seen to follow the connective tissue between the layers of the 

heart muscle. In no case were the lymphatic vessels seen to 
form a true capillary plexus which followed the blood capillaries, 
as has been described. The lymphatics anastomose freely while 
the blood vessels, as is well-known, form few or no anastomoses. 

All the injected specimens give the impression that the patterns 
of the blood vessels and lymphaties differ very much; the lym- 

phatics never forming a capillary bed, but a well-woven plexus 

of vessels, of which the smallest are larger than capillaries. The 

lymphatic vessels become fewer and smaller as they extend deeper 
into the myocardium, their number being exceedingly small near 

the endocardium. The largest lymphatics are only about one- 

fourth as large as the blood vessels they accompany, and the 

smallest ones are about the size of venules so that it is evident 
the cardiac lymphatics are more constant in size than are the 
blood vessels. 

These observations are supported by the injection of living 

cats’ hearts. Pericardial lymphatics were immediately filled in 

all cases when puncture was made, and myocardial vessels drain- 

ing into them were seen in the sections. None of these myocar- 
dial lymphatics were seen to be as small as capillaries and their 

number was scanty. Absorption of the ink does not take place 

readily. This indicates the scarcity of lymphatic vessels in the 

myocardium, since India ink is readily absorbed by the lym- 
phaties in those places where the vessels are abundant. Such 
slow absorption by the heart lymphatics would certainly not take 

place if their number did not justify it. In no case did any 
lymphatic vessels appear on the endocardium, which would 
have been most likely had they been present. 
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Most of the observers (to whom I have already referred) have 

doubtless seen both pericardial and myocardial lymphatics, but 

have been altogether too sweeping in drawing conclusions. Most 

of these vessels they have described have evidently been blood 
vessels. Most of Bock’s illustrations of lymphatics are perfect 

pictures of blood vessels, while none of them resemble lymphat- 

ics. By this method, it is impossible to get complete injeetions 
of the blood vessels of the heart, and it appears that he has only 
described blood vessels injected with different colors. This 

point can be easily proven by observing a piece of heart muscle in 

which only blood vessels have been injected. In the double in- 

jections of the heart, many times the blood capillaries of an area 
will not be filled. When lymphatics of the same area are injected 
by puncture, some of the injection mass flows over into the un- 

filled blood capillaries, thus making a very misleading picture, 
large lymphatics and blood capillaries apparently belonging to 
the same system of vessels. Similar specimens probably have 

been the basis for statements to tbe effect that the lymphatics of 
the heart form a capillary plexus accompanying that of the 
blood vessels, but exceeding the blood plexus in density. 

SUMMARY 

1. The lymphatics of the heart arise from two sources: a) 
the right lymphatic duct; b) the tracheal plexus. Both these 
paths remain as ways of drainage in the adult, the branch from 

the right duct being the anlage for the bronchomediastinal 
trunk. 

2. There is first formed a pericardial plexus covering the entire 

heart. This plexus reaches its greatest density at about 60 mm. 

and becomes less dense as the heart increases in size. 
3. From the injections it appears that after the pericardial 

plexus is approximately complete, vessels arising from it invade 
the heart muscle, and, by forming numerous anastomoses, grow- 

ing to great extent along the veins, form the myocardial plexus. 

This invasion of the myocardium takes place rather late, at 150 
mm., there being relatively few myocardial lymph vessels demon- 

strable. 
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The myocardial plexus becomes less dense as deeper points 
of + myocardium are reached. 

5. The larger blood vessels of the heart are accompanied by a 
which are connected with plexuses around other large blood ves- 
sels by numerous anastomosing smaller lymphatics. These smaller 

lymphatic plexus composed of the largest lymphatic vessels 

vessels compose most of the myocardial plexus. 
6. Cardiae lymphatics, in like manner to all other lymphatics, 

develop along the blood vessels. 
7. Claims for an endocardial lymphatic plexus are evidently 

founded on partial injections of the His bundle. 
8. The pattern of the lymphatics does not correspond to that 

of the blood vessels nor are the lymphatic vessels so numerous 

as has been supposed. 
It is intended that this description of cardiac lymphatics will 

be included in a more extensive discussion of lymphaties which 

will appear later and will include illustrations of all the specimens 

mentioned in this work. 
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INTRODUCTION 

The following study! arose from an investigation of the de- 

velopment of the pharyngeal tonsil. As is well known, the 

pharyngeal tonsil in man has been found by several observers 

to be in close anatomical association with a small blind pocket 

in the roof of the nasal pharynx, known as the bursa pharyngea 
or the recessus medius pharyngis. In order to discover if pos- 
sible the nature and significance of the relation between the 
pharyngeal tonsil and the bursa pharyngea, it was decided to 

study the origin and development of each structure separately. 
The study of the development of the bursa pharyngea was under- 
taken first, since it is present in the embryo before the appearance 

of the tonsil. 

1 The study was undertaken at the suggestion of Dr. B. Ff. Kingsbury. The 

writer takes great pleasure in acknowledging the courtesy of the laboratory, and 

in expressing her appreciation of the very generous help of Dr. Kingsbury. 

465 
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A number of investigators of recent years have been inter- 

ested in the definite relations existing during embryonic life be- 
tween the chorda dorsalis and the epithelium of the pharynx. 

Many indeed have noted actual contacts between the notochord 
and pharyngeal entoderm and have regarded such contacts as 

factors in the origin of the bursa pharyngea. Ina paper dealing 
with the condition as found in the human embryo, Huber (’12) 

states that of the mammalian embryos, aside from those of man, 

which are ordinarily available for laboratory use, only the pig 

shows notochordal contacts with the epithelium of the pharynx, 

and in the pig there is present a pharyngeal pocket which has 
been considered homologous to the bursa pharyngea of man. A 

study of the relations of the head chorda of this animal was 
therefore undertaken with the hope of throwing still further light 

on the relation of these notochordal contacts to the genesis of 

the bursa pharyngea. 

HISTORICAL 

A brief historical sketch will be given to outline the general 

views regarding the origin of the bursa pharyngea. For a com- 

plete review of the early literature on the subject the reader is 
referred to both Killian (’88) and Oppel (00). Reference may 
also be made to Huber (’12) for the more recent work on the 

subject. 

The bursa pharyngea was first described and named by F. J. 

C. Mayer (’42), who, according to Oppel, found it present in 

many mammals including the pig. Luschka (’68) was the first 

to study the genesis of the structure. On the basis of an ex- 

amination of a human monstrosity, this observer believed that 

the bursa pharyngea is a remnant of the primitive union of the 

mouth cavity with the hypophyseal anlage. Luschka held that 

the pharyngeal pocket of the pig is not homologous to the bursa 

pharyngea of man (ef. subseq. discussion). The observations of 

Ganghoffner (79) and Schwabach (’87) did not confirm the view 

of Luschka. These investigators could regard the pocket merely 

as a part of the pharyngeal tonsil, being a medial depression of 
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the mucous membrane of the pharynx at the junction of the 
medial with the lateral furrows of the tonsil. 

Froriep (’82) studied the development of the head chorda in 

six human embryos, noting especially notochordal contaets with 

the pharyngeal epithelium. In one of these a bursa pharyngea 

was present, the base of which was in close relation with an 

accumulation of chordal cells which had penetrated through a 
hole in the chordal sheath. Froriep could not positively state, 

but was strongly inclined to the opinion that the strain exerted 

by the notochord upon the epithelium of the pharynx mechan- 

ically gives rise to the bursa pharyngea. Killian (88) made a 

careful study of the bursa pharyngea, basing his observations on 

65 embryos ranging in age from 3 to 8 months. 42 of these 
presented a bursa pharyngea. According to Killian, the bursa 

pharyngea is a structure sui generis, developing always in a 

definite region just in front of the uppermost fibres of the con- 
strictor pharyngis superior in close relation with the ‘fibro- 

eartilago basilaris.’ Killian criticised Froriep for overlook- 
ing the invariable position of the bursa. Froriep himself had 

shown that many accumulations of chordal cells come in con- 
tact with the pharyngeal epithelium. On Froriep’s theory, the 

definite location of the bursa cannot be explained, since any one 

of these retropharyngeal unions could logically give rise to the 

structure. Killian extended. his studies among many of the 

higher vertebrates including the pig, and concluded that the 

arctomys marmota alone has a structure comparable to the bursa 

pharyngea of man. 
Since Killian, a number of investigators interested in the de- 

velopment of the head of the human embryo, have noted noto- 

chordal contacts with the pharyngeal epithelium. Among these 

may be mentioned Guiseppe Levi, Williams, and Mrs. Gage. 

Mrs. Gage (’06) found that in other vertebrates examined by her 

the notochord, after the very early stages, is completely separated 
off from the pharynx, with the exception of the pig embryos, 

about 20 per cent of which showed notochordal contacts with 
the mouth similar to those of man. Mead (’09) also noted con- 
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tacts between the notochord and pharyngeal epithelium in the 
pig embryo. 

It was not however until recently that Froriep’s conception 

of a causal relation between notochordal contact and the origin 
of the bursa pharyngea was revived. R. Meyer (’10), basing 

his observations on a study of human embryos 2.5 to 40 mm. in 
length, concluded that the bursa pharyngea arises from the per- 

sistence of the original connection between the notochord and 
pharyngeal epithelium. From the fact that Froriep had noted a 

connection between the anterior end of the notochord and Ses- 
sel’s pocket in chick embryos, and that Staderini had observed 

the same for rabbit and sheep embryos, Meyer was led. to believe 

that the bursa pharyngea is identical with Sessel’s pocket. A. 
Linck (’10) became interested in the early relations of the head 
chorda to the pharyngeal epithelium through a remarkable case 

of a tumor of the epithelium of the nasal pharynx which appar- 

ently involved notochordal tissue. Of the 16 human embryos 
examined, ranging from 2 to 25 em. in length, 9 presented a bursa 

pharyngea. Although actual contacts between the notochord 
and bursa pharyngea were not observed, still the apex of the 

bursa in one case showed a more or less close relation with cer- 
tain chordal remains in the retropharyngeal connective tissue. 

Linck believed that the appearance of the bursa may be explained 

partly through the tension exerted by the notochord on the 
pharyngeal epithelium, and partly through the active invagina- 
tion of the pharyngeal mucosa itself. 

Huber’s study of the origin of the bursa pharyngea, based on 
the examination of a series of human embryos ranging from 5 to 

145 mm. in length, is the most complete that has yet been done 

on the subject. The early embryos (5 to 8 mm.), at the time 
when the notochord is separating off from the pharyngeal ento- 

derm, show the notochord maintaining a close contact with the 

epithelium of the pharynx. This point of contact is at the base 

of the ventral flexure of the notochord as it bends ventrad on 
passing into the cranial region, at a level just caudal to that of 

the thyreoglossal pit in the tongue. If there is more than one 
point of contact between the notochord and the pharnygeal en- 
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toderm, this special one is always the most caudal, being con- 

stant in position with reference to the thyreoglossal pit. Of the 

embryos ranging in size from 15 to 30 mm., all but one showed 

a developing bursa, the blind end of which was in direet contact 

with the notochord, or bore a close relation to it. Still later, 

if there were any chordal remains in the retropharyngeal region, 

these were all closely related to the bursa. Since in all cases 
the embryonic bursae were separated from Rathke’s and Ses- 

sel’s pockets by practically the whole length of the vault of the 
pharynx, Huber was able to controvert the statement of Meyer 

that the bursa pharyngea and Sessel’s pocket are identical. The 
constancy of the relation of the notochord to the pharyngeal 

epithelium after the notochord begins to separate from it, and 

the definite location of the area of contact, lead Huber to believe 
that this relation of the head chorda to the pharyngeal epithelium 
is not accidental, and that thus to a certain extent the bursa 

pharyngea may be regarded as a structure sui generis. How- 

ever, the maintenance of the early caudal connection between 

the notochord and the epithelium of the pharynx seems neces- 
sary for the proper development of the bursa. 

J. P. Tourneux (12) in an extended comparative study of the 

relations of the cartilaginous base of the skull in mammals, 
arrived independently at the same conclusion regarding the ori- 

gin of the bursa pharyngea. ‘Tourneux believed that of the 

mammals examined only the horse and man present a bursa 
pharyngea in the proper sense of the word. ‘Tourneux describes 
the course of the head chorda in three pig embryos, 13, 18, and 
50 mm. in length respectively; in none of these did the notochord 

come in contact with the pharyngeal entoderm. 

MATERIAL AND METHODS 

The study was based for the most part on the examination of 
the pig embryos belonging to the Cornell collection, which con- 
sists of about 160 embryos cut in frontal, sagittal, and transverse 
sections, and ranging in length from 2.5 to 54 mm. vertex-breech 
measurement. Professor 8S. H. Gage very kindly loaned me a 

number of additional embryos and for this I wish to express my 
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appreciation. A few embryos belonging to students in the de- 
partment of Histology were likewise examined. 

Of the embryos used, those cut in the sagittal plane (about 

60 in all) were found to be the most valuable for the study; but 
embryos cut in frontal and transverse sections were very useful 

in checking up results and in adding to the data obtained. The 

drawings were made only from embryos cut in sagittal sections 
and chosen as being representative of the particular stage under 

discussion. The drawings consist of reconstructions of the mid- 

sagittal plane of that region of the head (pars chordalis) including 

the hypophysis, the basilar plate and the anterior vertebral anla- 
gen. For purposes of orientation, however, the first figure is 

extended to include the whole head. The figures were made 

with the aid of the projection microscope. 

DESCRIPTION OF TYPICAL STAGES 

Pig embryo 5 mm. in length. Fig. I. 

The notochord is seen separating off from the epithelium of 

the foregut. Posteriorly the separation is complete, several 

rows of mesenchymal cells intervening between the notochord 

and the entoderm of the foregut. As the notochord passes for- 

ward over the pharyngeal region, it bends slightly downward, pre- 
sents an enlargement and comes in contact with the pharyngeal 

entoderm, which is here slightly thickened. This corresponds to 
the region emphasized by Huber in the human embryo as the 
seat of development of the bursa pharyngea. Slightly cephalad 

Fig. 1 Pig embryo, 1 B no. 157, Cornell Collection, 5 mm. Reconstruction 

of midplane sagittal section of the pharyngeal region. Notochord black. X 
99 5. 

Vig. 2. Pig embryo no. 10, Cornell Collection, 6.5 mm. Reconstruction of 

midplane sagittal section of the pharyngeal region. Notochord black. X 20. 

Fig. 3. Pig embryo IL a no. 156, Cornell Collection, 7 mm. Reconstruction 
of midplane sagittal section of the pharyngeal region. Notochord black. X 20. 

Vig. 4 Pig embryo II a no. 152, Cornell Collection, 8.5 mm. Reconstruction 

of midplane sagittal section of the pharyngeal region. Notochord black. X 20. 
Fig. 5 Pig embryo belonging to Mr. R.S. Gutsell, 11.5 mm. Reconstruction 

of midplane sagittal section of the pharyngeal region. Notochord black. X 20. 

Fig. 6 Pig embryo III D, Cornell Collection, 14 mm. Reconstruction of 

midplane sagittal section of pharyngeal region. Notochord black. ™ 15. 
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of this region the notochord presents another enlargement and 

again comes in contact with the pharyngeal epithelium—and 

still again, anterior to this contact. Just before the dorsal curve 
of the notochord as it nears the anterior end, the sheath comes 

in contact with the epithelium of the pharynx. The cephalic 

portion of the notochord presents a slightly waved course, passes 
over Sessel’s pocket (8S), turns sharply ventrad, terminating in a 

thickened notochordal plate in close relation with the base of the 
forebrain. Transections of still younger pig embryos show that 

primitively the notochord is also in contact with Sessel’s pocket, 

in a fashion similar to that shown by W. J. Atwell (’15) for the 
rabbit. The notochordal plate at this stage bears no significant 

relation however to the anlage of Rathke’s pocket (H), which 

is here present merely as the so-called hypophyseal angle, just 

anterior to the remnant of the pharyngeal membrane. 

Pig embryo 6.5 mm. in length. Fig. 2. 

The mesenchyme between the neural tube and primitive esoph- 

agus has become slightly denser. The notochord at the end 

of its curve over the retropharyngeal region presents an enlarge- 

ment and comes in contact with the epithelium of the pharynx, - 
which is here slightly invaginated. Forward the notochord has 
lost all primary connection with the entoderm, two or three rows 
of mesenchymal cells separating it from the pharyngeal epithe- 

lium. The position of the point of contact is slightly cephalad 
to the vertex of the angle of the pharynx and just caudal to the 
level of the thyreoglossal pit in the tongue. It corresponds in 
position to that point of contact in human embryos emphasized 
by Huber as the seat of development of the bursa pharyngea. 

Forward, the notochord bends dorsally over Sessel’s pocket, end- 

ing in a hooked formation near, but not in contact with, the pos- 

terior wall of Rathke’s pocket. 

ny Pig embryo 7 mm. in length. Fig. 8. 

The notochord has lost all primary connection with the pharyn- 

geal epithelium. It passes forward in a straight, even course 
between the hindbrain and the roof of the pharynx. Cephalad, 
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the notochord presents the characteristic dorsal curve over Ses- 

sel’s pocket. Just below the bend of the notochord over the re- 
tropharyngeal region, a condensation of mesenchyme may be 
observed extending from the anlage of the vertebral column to 

the vertex of the angle of the pharynx. The pharyngeal epithe- 
lium in this region is slightly ‘pulled out.’ The extreme cephalic 

end of the notochord of this pig is in direct contact with the 

superior half of the posterior wall of Rathke’s pocket. 

Pig embryo 8.5 mm. in lengih. Fig. 4. 

The condensation of mesenchyme in the retropharyngeal region 

is now clearly defined and is seen in close contact with the vertex 

of the angle of the pharynx. At this point the pharyngeal epi- 
thelium has been ‘pulled out’ to form a distinct pocket (XY). The 
pocket bears no significant relation to the notochord, which 
courses in a wavy line dorsal to the condensation of mesenchyme. 
Forward the notochord continues in a wavy line between the 

hindbrain and the roof of the pharynx, ending in contact with 

the posterior wall of Rathke’s pocket. The wavy course of the 

notochord was found to be characteristic of embryos a little 

older than the stage represented by figure 3. It can be ex- 
plained only by supposing that the head chorda begins to grow 

faster than the surrounding mesoderm in the stage following 

complete separation from the pharyngeal entoderm. There re- 

mains to be noted the condensation of mesenchyme over the 

esophagus, indicating the anlage of the esophageal musculature. 

Pig embryo 11.5 mm. in length. Fig. 5. 

This embryo presents a remarkable picture in which the noto- 
chord takes a distinctly wavy course over the roof of the pharynx 
and comes in contact several times with the pharyngeal epi- 

thelium. Of the fifteen embryos examined between the ages 10 
to 12 mm., six showed similar though not as many contacts, the 

usual number being three. There is evidence for the belief that 
these contacts are secondary and ‘accidental,’ due to the exces- 
sive growth of the head chorda at this stage (cf. subseq. discus- 

sion). The pharyngeal wall at the vertex of the angle of the 

THe ANATOMICAL RECORD, VOL, 13, No.7 
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pharynx has been pulled out into a definite pocket, which is in 
contact at its base with the condensation of mesenchyme extend- 
ing dorsal to the retropharyngeal region in the way shown in 

figure 4. This little outpocketing is very characteristic of em- 

bryos 8 to 12 mm. in length. In none of the pigs examined was 
it ever in contact with the notochord, but was always in relation 

with the retropharyngeal condensation of mesenchyme. In this 
embryo the condensation of mesenchyme has extended over and 
slightly beyond the pocket. Anteriorly, the notochord comes in 

contact with Sessel’s pocket and ends in the posterior wall of 

Rathke’s pocket in about the middle region. Attention is called 
to the condensation of mesenchyme in the esophagus, similar 

to that shown in figure 4. 

Pig embryo 14 mm. in length. Fig. 6. 

The angle of the pharynx has become greater as the cervical 

flexure apparently determining it has ‘straightened out.’ At the 
same time the outpocketing at the vertex of the angle of the 

pharynx has disappeared. In none of the pig embryos examined 
over 12 mm. in length did this pocket persist. The condensation 

of mesenchyme which passes through the retropharyngeal region _ 

bears the same relation to the pharyngeal wall as in the preced- 
ing stages, the whole region apparently having lengthened rela- 

tively. The condensation is now readily recognized as the peri- 
_chondrium of the developing basal plate and includes also the 

anlage of the fascia pharyngobasilaris or ligamentum occipito- 

pharyngis, as it is sometimes called. The notochord courses 
through the anlage of the basilar plate in a deep ventral curve, 

the waves shown in figure 4 having decreased markedly in am- 

plitude. This is possibly due to the fact that the head region in 

general has ‘caught up’ with the excessive growth of the noto- 

chord. Anteriorly the notochord has lost contact with Rathke’s 
pocket, ending in a hooked formation near it. Contact with 
Rathke’s pocket is lost. usually at any time between the ages 13 

to 18mm. The base of the forebrain is evaginated to form the 
infundibular process. 

The roof of the pharynx just at the opening into the esophagus 

is invaginated to form a distinct pharyngeal pocket, the base of 

aie ' 
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which is in close contact with the anlage of the esophageal mus- 

culature, which we have noted before (figs. 4,5). It is important 

that this pocket be clearly distinguished from the bursa shown in 
figures 4 and 5, the position of which was cephalad as indicated 

by the letter x. This pocket appears regularly after 13 mm. 

and is constant in occurrence. It is possible that it arises pri- 

marily from the tension exerted on the pharyngeal wall at this 

region by the developing esophageal musculature. 

Fig. 7 Pig embryo III F, Cornell Collection, 17 mm. Reconstruction of mid- 

plane sagittal section of pharyngeal region. Notochord black. ™ 15. 

Pig embryo 17 mm, in length. Fig. 7. 

This embryo shows the notochord extending through the basilar 
plate to come in contact three times with the pharyngeal epithe- 

lium. These are probably persistences of such secondary con- 
tacts as are shown in figure 5. The condition is by no means 
uncommon, three of the ten embryos examined ranging in length 

from 13 to 17 mm. having shown similar contacts. The epi- 
thelium at these points of contact is thickened slightly but not 

at all evaginated. Anteriorly the notochord ends in a sharp, 

double twist within the basilar plate. Rathke’s pocket has be- 

come constricted off from the pharynx, and Sessel’s pocket has 

disappeared. The condensation of mesenchyme indicating the 
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perichondrium of the basilar plate and the developing fascia 

pharyngo-basilaris has lost contact with the pharyngeal epi- 
thelium, a condition which occurs regularly after the embryo 
has attained a length of 16 mm. Close beneath the epithelium 
there has formed a second condensation of mesenchyme indicating 
the tunica propria of the pharyngeal mucosa. The pharyngeal 

pocket above the entrance into the esophagus has become greatly 

enlarged and still maintains a specifie relation to the developing 

esophageal musculature. 

Pig embryo 35 mm. in length. Fig. 8. 

The vertebral centra and the basilar plate are present in the 
form of cartilage. The notochord on passing out of the epistro- 

pheus forms a knot, enters obliquely into the dorsal surface of 
the caudal end of the basilar plate, and passes through to the 
ventral surface in a long dorso-ventral curve, thence diagonally 

dorsal to its termination near the sella turcica. In certain areas 

the notochord shows signs of degeneration. It presents also 

several nodal swellings similar to those observed by Killian (’88), 

Williams (’08), Mead (’09), and others. 

The pharyngeal pocket (C.) at the entrance into the esophagus 

has developed into a deep cul-de-sac in close relation at its blind 

end with the developing esophageal muscle. More anteriorly a 

separate condensation has appeared indicating the anlage of the 

constrictor muscles of the pharynx. These in the pig appear on 
the medial plane much later than the muscles of the esophagus, 

being recognizable first usually when the embryo has attained a 
length of about 23mm. The angle of the pharynx has quite dis- 
appeared as such, as the head has ‘lengthened out.’ At some 

distance caudal to the upper limit of the pharyngeal muscu- 

Fig. 8 Pig embryo, Serial no. 147, Cornell Collection, 35 mm. Reconstrue- 

tion of midplane sagittal section of the pharyngeal region. Notochord black. 

x 10. 

Fig. 9 Pig embryo, Serial no. 159, Cornell Collection, 54 mm. Reconstruc- 

tion of midplane sagittal section of the pharyngeal region. Notochord black. 

x 10. 

Fig. 10 Pig embryo, special preparation, 170 mm. Reconstruction of mid- 

plane sagittal section of the pharyngeal region. X 4. 

’ 

ee 



PHARYNGEAL EPITHELIUM IN THE PIG EMBRYO 477 



478 RUTH RAND 

lature in the region of the loose retropharyngeal connective tissue, 

secondary folds have appeared in the pharyngeal mucosa. The 

fascia pharyngo-basilaris has become distinetly differentiated 
from the perichondrium of the basilar plate, as dense fibrous 

tissue. 

Pig embryo 64 mm. in length. Fig. 9. 

The most striking feature in the pharyngeal region of this em- 
bryo is the appearance of three distinct pockets in the mucosa of 

the roof of the nasal pharynx over the soft palate. The blind 

end of each pocket is in direct contact with strands of dense 
fibrous tissue, the developing fascia pharyngo-basilaris. The 

pocket which is most caudal (A.) is the largest and corresponds 

in position to that of the human bursa pharyngea as figured by 

Huber. It likewise occurs at the region designated by Killian 

as the place where one should look, in the pig, for a bursa pharyn- 

gea homologous to that of man, being at the level corresponding 
to the middle of the basal plate. There is no evidence that these 

pockets have ever been in relation with the notochord in the 

way shown by Huber for the bursa pharyngea of man. 

The notochord courses through the basilar plate in a manner 

similar to that described for figure 8. It is interrupted, however, 

in the anterior portion. The pharyngeal recess is present at the 

entrance into the esophagus, separated from the three pockets 
by practically the length of the vault of the pharynx. The con- 
strictor muscles of the pharynx and the musculature of the esoph- 
agus appear now as a rather continuous sheet in the median 

plane—an extension of the esophageal musculature having passed 

underneath the pharyngo-esophageal recess (C.) over the en- 

trance of the pharynx into the esophagus. 

Pig embryo 170 mm. in length. Fig. 10. 

The figure shows the pharyngeal tonsil (7) developing as a 

series of accumulations of dénse lymphatic tissue in close rela- 
tion with a series of pockets or folds similar to those of figure 9 

(A.). Each pocket is in contact at its base with strands of dense 

connective tissue, the fascia pharyngo-basilaris. Ossification in 
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the basioccipital and basisphenoid is now extensive. No traces 
of chordal tissue were observed. ‘The pharyngeal recess above 

the entrance into the esophagus has become greatly folded and 

enlarged. 

DISCUSSION 

Relation of the notochord to the pharyngeal epithelium. Atten- 

tion has recently been directed by numerous observers ( Mrs. Gage, 

706, Mead, ’09, Huber, ’12) to the existence of contacts between 

the notochord and the pharyngeal epithelium in the pig embryo, 

which were thought to be similar to those in man. It was there- 

fore to this phase of the study that particular attention was 
paid, since in man according to Froriep, Linck, Tourneux, and 

Huber, notochordal contact seems intimately bound up with the 
development of the bursa pharyngea. The results of my study 

were somewhat negative, in that the relation between the noto- 

chord and the pharyngeal epithelium in the pig embryo was 

found to be quite different from that described for the human 

embryo. In the first place, the notochord of the pig at an early 
stage seems to become completely separated from the epithelium 

of the pharynx, grows more rapidly than the surrounding tissues, 

and then may acquire secondary contacts with the pharyngeal 

epithelium. It is probable that these secondary contacts are the 
ones noted by Mrs. Gage and Mead for the pig embryo. Noto- 

chordal contacts which Linck, Tourneux and Huber described for 

man are apparently primary contacts which the notochord main- 
tains with the pharyngeal epithelium. In the second place, 
notochordal contacts in the pig embryo were never found to 

bear any specific relation to the pharyngeal pockets. 
The early pig embryos—3 to 6 mm. in length—present noto- 

chordal contacts with the epithelium of the pharynx quite simi- 
lar to those figured by Huber for the early human embryos. 
These primary contacts which the notochord maintains longest 

with the pharyngeal entoderm are somewhat posterior in posi- 

tion, usually caudal of the level of the thyreoglossal pit of, the 

tongue (figs. 1 and 2). Embryos of approximately 7 mm. in 
length showed the notochord as a rule completely separated from 
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the pharyngeal epithelium. The notochord of these embryos 

passes in a straight even course between the hindbrain and the 
roof of the pharynx (fig. 3). At the time when the embryo has 
attained a length of 8 to 10 mm. the notochord apparently under- 
goes a period of excessive growth. Figure 4 presents a typical 

picture of this stage, and shows the notochord passing in a 
deeply waved course over the roof of the pharynx. Between the 

lengths of 8 to 10 mm. the notochord at no time showed true 

contact with the pharyngeal epithelium. On the other hand, in 

a large percentage of embryos 10 to 12 mm. in length, the noto- 

chord came in contact several times with the epithelium of the 

pharynx (fig. 5). The notochord still presents a distinctly wavy 

course. These contacts differ relatively in position from those 

of the-younger embryos, lying well in front of the level of the 
thyreoglossal pit in the tongue. A few of the older embryos 
showed persistences of these contacts even after the anlage of the 
basilar plate was well formed (fig. 7). Thus the statement of 

Tourneux that the notochord of the pig embryo is always entirely 
intrabasilar requires modification. In none of the pig embryos 
at my disposal that were over 17 mm. in length, were noto- 

chordal contacts observed, although Mead figures a condition sim- 

ilar to that of figure 7 for a 30 mm. embryo. This is clearly an 

exceptional case. At no time were notochordal contacts found 
in relation to pharyngeal outpocketings. 

The following data gives in tabular form the evidence for 

regarding as secondary those notochordal contacts with the 

pharyngeal epithelium which are present in pig embryos 10 to 

18 mm. in length: 

snowrNo seper4e MAXIMUM | MODAL 

Eupnvorn |,NOMPER | cnonpa, [SHOWING | NUMBER | NUMBER | Jaro op | ,COURSEOF 
oes pes ea | CHORDAL contacts| contacrs| CONTACTS 

PHARYNX e > 

4-5 10 8 80 4 3 Caudal Even 

6-7 24 6 25 3 1 Caudal Even 
8-9 fl 0 0 0 0 Wavy 

10-12 15 6 40 5 3 Cephalic | Wavy 

13-17 10 | 3 33 4 2 Cephalic | Deep curve 
17-54 66 | #O ey ee 0 Deep curve 
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Notochord and hypophysis. In making the above observa- 

tions the writer has had occasion to study also the relation of the 

notochord to the hypophyseal anlage. A number of early in- 
vestigators, M. Miller (’68) and Dursy (’68), have held the view 

that the notochord acts mechanically in drawing out the infun- 

dibular process, basing their belief on the fact that in early stages 
the notochord is attached to the base of the forebrain. Obser- 

vations on the pig embryos at my disposal do not permit me to 

confirm this view of the relation of the chorda and the infun- 

dibular process. The early embryos, 2.5 to3 mm. in length, at a 

time when the anterior end of the notochord was not yet folded 
off from Sessel’s pocket, showed the notochord in contact for a 

short distance along its dorsal surface with the base of the fore- 

brain. Several of the embryos, 4 to 5 mm. in length, at a time 

when the separation of the notochord from Sessel’s pocket is 
complete, also showed a point of contact between the notochord 

and the base of the forebrain, similar to that shown in figure 1. 

These however were not true contacts according to the cri- 

terion of Woerdeman, being mere juxtaposition of parts, since 
the notochordal sheath and margin of the brain wall could be 

clearly seen between the two structures. Later the notochord 
and base of the forebrain are separated by the ingrowth of mesen- 

chyme (fig. 2), which occurs ordinarily when the embryo has 
attained the length of 6 mm. The infundibular process, how- 
ever, does not begin to appear until the 11 to 12 mm. stage, at a 
time when the base of the forebrain is free from notochordal 
contact. A causal significance, therefore, cannot be attached to 

the relation of the notochord to the base of the forebrain in the 

appearance of the infundibular process. 

Other investigators have held that the notochord is responsible 
in a similar fashion for the origin of Rathke’s pocket. Among 
these may be mentioned Reichert (’40) and His (’68). Mihal- 
kovies (’74) denied that the chorda is resonsible for the drawing 

out of the hypophyseal sac in the rabbit, on the grounds that its 

attachment is to the inferior portion of the posterior wall of 

Rathke’s pocket instead of to the apex. Woerdeman (13) how- 
ever has pointed out that this argument is not conclusive, since 
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in the pig embryo the notochord is in contact with the superior 

portion of the posterior wall of Rathke’s pocket; nevertheless 
Woerdeman does not consider this a positive argument for the 

existence of a causal relation between the chorda and Rathke’s 
pocket. In 1915 W. J. Atwell published observations on the 
relation between the notochord and Rathke’s pocket in the rab- 
bit and chick embryos. Contacts between the chorda and 
Rathke’s pocket were constant in the chick, but existed in a very 

small percentage of cases in the rabbit. Atwell explains noto- 

chordal contacts with Rathke’s pocket as secondary, being due 

to the growth of the forebrain and sharpness of- the cervical 

flexure. In no ease could he find that the entodermal contribu- 
tion to the hypophyseal sac was anything more than an acci- 

dental union of parts. Recently the old idea of the notochord 

acting as a causative factor in the origin of Rathke’s pocket has 

been revived by M. M. Miller (115). In a preliminary note on 

the development of the hypophysis in the pig embryo, he assigns 

a mechanical function to the notochord in the genesis of the 

structure, and states that the entoderm as well as the ectoderm 
enters into its structure. According to Miller’s observation, the 

notochord pulls away with it from the foregut a mass of ento- 

dermal cells, which at first comes in relation with the apex of 

the hypophyseal angle. Later the contact shifts from the apex 

down to the constricted stalk of the hypophyseal sac. I am 

unable to confirm these observations of Miller on the pig embryo. 

In none of the pig embryos examined under 6 mm. was the noto- 
chord in contact with Rathke’s pocket. All of the embryos 4 

and 5 mm. in length and a few of the 6 mm. embryos showed the 

developing Rathke’s pocket wholly free from notochordal con- 

tact. After the embryo has attained a length of 6 or 7 mm. the 

notochord regularly comes in contact with the superior half of the 

posterior wall of Rathke’s pocket. The contact is brought 

about probably through the excessive growth of the notochord 

over the rest of the head, which begins at this time. Thecontact 

between the chorda and Rathke’s pocket was found to be en- 

tirely similar to that described by Woerdeman, being a true con- 

tact without any intervening membrana propria. There was no 
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evidence that the chorda contributed any esseritial component 
to the structure of the hypophysis however. Any entodermal 

tissue that might be found later in the developing hypophysis may 
be explained as the result of an accidental union with the noto- 

chord. In later stages the notochordal contact usually shifts 
down relatively from the superior to approximately the middle 

region of the posterior wallof Rathke’s pocket. Contact between 

the notochord and the hypophysis is usually maintained until 

the embryo attains a length of 13 to 15 mm., when it is iost 
through the ingrowth of mesenchyme. 

The pharyngeal pockets. The material presented shows very 

clearly that it is necessary to distinguish among three different 
pharyngeal pockets in pig embryes,—each one of which has ap- 

peared in the literature under the name bursa pharyngea or 

recessus medius pharyngis. It has been the main object of this 

study to determine which, if any, of these pockets is the true 

homologue of the bursa pharyngea of man. 
With the exception of Minot, no one to my knowledge has 

ever noted the pocket which has been shown as the first to ap- 

pear, and which arises at the vertex of the angle of the pharynx 
(figs. 4,X, 5, and 6,X). In an outline drawing of a model of the’ 

pharynx in a 12 mm. pig embryo as seen from the dorsal side, 

Minot (’11) figures this pocket at the summit of the pharynx 

at the level of the third gill pouch, and calls it the bursa pharyngis 

(fig. 28, p. 26). In a drawing of the profile view of the pharynx 
from a wax reconstruction of another 12 mm. pig embryo, Minot — 

again figures this pocket, but gives it no name. Farther down 
in the pharynx above the entrance into the esophagus and on a 

level with the fourth gill pouch, he figures the pocket which has 
been shown is the second to appear, (figs. 6 and 7) and calls this 
the pharyngeal bursa (fig. 173, p. 237). Thus Minot failed to 
distinguish between the two pockets. In none of the pig embryos 

at my disposal were both pockets present at once in the fash- 

ion shown by Minot, though the condition is probably not 

uncommon. 
Although the pocket at the vertex of the angle of the pharynx 

which is the first to develop, is very constant in appearance 
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among 8 to 12 mm. pig embryos, I nevertheless believe that no 
special morphological significance can be attached to it. Its 

close approximation to the point described by Huber as the seat 

of development of the bursa pharyngea of man, suggests the 

possibility that this pocket in the pig is homologous with the 

human bursa. Careful study shows, however, that the region 

where the notochord longest maintains its primary attachment 

with the pharyngeal entoderm was some distance anterior to the 
point where the pocket develops. The pocket persists only up 

to the time when the angle of the pharynx increases as the ‘head 
bending’ which seemingly determines it ‘unbends.’ In none 
of the seventy-six embryos over 12 mm. in length that were ex- 
amined did this pocket persist. I therefore believe that it 

should be regarded merely as a temporary out-pocketing of the 

pharyngeal epithelium arising mechanically in growth. 

The pharyngeal pocket (figs. 8 and 9, C) which has been shown 
as the second to develop, appearing usually when the embryo has 
attained a length of 12 mm. and which is situated in the roof of 
the pharynx over the entrance into the esophagus, has likewise 
been called the bursa pharyngea or the recessus medius pharyngis. 
Luschka? (’68) was the first to point out that this pocket in the. 

pig is not homologous to the bursa pharyngea of man, since the 
structure in the pig is’ constant and well-developed, whereas 
the bursa of man is inconstant and rudimentary. Later Killian 

(88) also denied that this pocket was homologous to the bursa 
’ pharyngea of man. He figures the pocket in a 65 mm. pig 

embryo as lying in the roof of the pharynx at the level of the 
boundary between the second and third vertebrae and opposite 

the entrance into the larynx, at the same time designating the 

place where one must look for a bursa pharyngea comparable to 

* “Mit jenem rudimentaren, tiberdies nicht regelmiissige vorkommenden beu- 

telférmigen Anhange der Pars nasalis hat die constante, eine gesetazmiissige Art 
von Pharynx secundarius darstellende Aussackung der Dorsalwand des Pharynx 
beim Schwein nichts gemein. Bei diesem Geschépfe stiilpt sich nimlich in der 

Richtung gegen die Speiserdhre die Schleimhaut der Dorsalwand zu einer 4 em. 

langer cylindrischen fingerdicken Tasche aus, deren abgerundete, freies Ende den 
Rand des Constrictor pharyngis inferior tiberragt, und also schon am unzerleg- 

ten Organe sichtbar ist.”’ 
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that of man, as farther up in the vault of the pharynx at a level 

corresponding to the middle of the basal plate. Since Killian, 

however, this pocket has been called the bursa pharyngea or 

median pharyngeal recess by writers among whom may be men- 
tioned Sisson (711), Stilling (711), and Minot ('11). The present 
study has convinced the writer that Luschka and Killian were 

right in their statement that this pocket is not homologous to 

the bursa pharyngea of man, since it differs from it both in 

mode of development and in its anatomical position. The bursa 
pharyngea in man has been shown to develop in relation with 
the notochord and the occipito-pharyngeal fascia; the pocket 
under discussion arises in close relation with the developing eso- 

phageal musculature, (figs. 5, 6). The bursa pharyngea of 
man is constant in position, being situated always anterior to 

the upper boundary of the constrictor muscles of the pharynx 

at a level corresponding to the middle of the basal plate, and 
bears a definite relation to the fascia pharyngo-basilaris and the 
pharyngeal tonsil. This pocket of the pig, however, is situated 
in the posterior part of the pharynx just over the entrance into 

the esophagus at the level of the boundary between the second 
and third vertebrae, and bears a close relation to the esophageal 

musculature. It would therefore be advisable to call the pocket 

by some other name, as, for example, the pharyngo-esophageal 

recess. The recess is constant in appearance after the pig em- 

bryo has attained a length of 13 mm., and is therefore of mor- 
phological interest. It is not to my knowledge present in any 
other mammal with the possible exception of the horse. As was 
shown in the figures, it develops in close contact with the devel- 

oping esophageal musculature, possibly arising from the tension 
which these muscles exert on the pharyngeal wall of this region 
during the growth of the head. Dissection of older pig embryos 

showed that the laryngeal apices fit into the recess thereby prob- 
ably enlarging it. It may be that the laryngeal apices act in 
conjunction with the recess to shut off the esophagus, thus af- 

fording a more direct channel for the passage of air. In the 

adult the recess is described as 4 centimeters deep, and often the 

seat of pathological disturbance due to the fact that particles of 

food become lodged within it. 
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Of the pharyngeal pockets which appear in the development 
of the pig embryos, I believe that the series which was shown to 

arise last (fig. 9, A.) in close relation with the developing fascia 
pharyngo-basilaris, is most nearly homologous to the bursa 
pharyngea of man. Anatomically, the most caudal of the series 

of pockets in the pig embryo bears the same relations to the sur- 
rounding structures as does the bursa pharyngea of the human . 
embryo,—being situated just in front of the upper limit of the 
superior constrictor pharyngis at the level corresponding to the 
middle of the basi-occipital, in close relation with the fascia 
pharnygo-basilaris and the pharyngeal tonsil. On the other 

hand, it was found impossible to compare step by step the de- 
velopment of the structures in the two embryos, since the rela- 

tions of the head region differ greatly in growth. Until the 
6 or 7 mm. stage however, the general relations of the head 

region are the same in the two embryos. Huber has shown that 

the human bursa pharyngea develops at the most caudal point of 
contact which the notochord maintains longest with the pharyn- 
geal epithelium. In the human embryo the attachment is main- 
tained until the development of the bursa pharyngea. Pig em- 

bryos 5 to 7 mm. in length usually show the notochord maintain- 
ing its connection with the pharyngeal epithelium longest in the 
region corresponding in position to the point of contact empha- 
sized by Huber in the human embryo. With the growth of the 

pig embryo however, this connection is early broken, and thus 

the landmark is lost which would enable one to locate the bursa 
pharyngea of the pig embryo as arising definitely at this point. 
On the other hand, the older pig embryos show the most caudal 

of the series of pockets under discussion in the same general ana- 
tomical relations as the bursa pharyngea of man at a similar 
stage of development,—being situated in the roof of the anterior 
portion of the pharynx just in front of the upper limit of the mim. 

constrictores pharyngis at the level corresponding to the middle 
of the basilar plate, and in close relation with the developing 
fascia pharyngo-basilaris. The fact that in both the human 
and pig embryos of younger stages the point of attachment be- 
tween the notochord and the pharyngeal epithelium, which is 
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most caudal and which is maintained longest, is in the same 
position; the fact that the bursa pharyngea of the human embryo 
arises at this point of attachment; as well as the fact that the 

bursa pharyngea of the human embryo and the most caudal of this 

tomical relations, —incline one strongly to the belief that this 

pocket in the pig embryo arises at the point where the notochord 

maintained its attachment longest with the pharyngeal epithe- 

lium,—and therefore may be considered comparable to the bursa 

pharyngea of man. The early loss of the relation of the noto- 

chord to the pharyngeal epithelium in the pig embryo compli- 
cates a direct comparison. 

Concerning the part played by the notochord in the develop- 

ment of the human bursa pharyngea, Froriep, Linck, Tourneux, 

and Huber have published observations, which indicate that the 

tension of the notochord on the pharngeal epithelium is the es- 

sential factor in the origin of the bursa. Froriep believes that 

the occipito-pharyngeal fascia is another possible factor. Linck 
believes that to some extent the pharyngeal mucosa invaginates 

of itself. Tourneux considers the occipito-pharyngeal fascia an ac- 
cessory factor in the genesis of the bursa. From his observations 

Tourneux? is led to distinguish between two kinds of pharyngeal 

pockets,—the simple pharyngeal recess and the bursa pharyngea, 
which in the horse may both be present at the same time, and 
often not separated, the recessus opening into the bursa directly. 

In the pig a series of pockets (fig. 9) corresponding in general 

position to the bursa pharyngea of man has been shown to ap- 
pear independently of the action of the notochord,—the develop- 

* “Tl convient de différencier le récessus médian du pharynx d’avec la bourse 
pharyngiene . . . . Le récessus sans relation directe avec la chorde parait 

résulter de l’enflexion cephalique déterminant l’angle du pharynx, et surtout des 
adhérences que le ligament occipito-pharyngienne contracte avec la muqueuse 
du pharynx. Quant Ala formation de la bourse pharyngienne, elle est provoquée 

ainsi que l’a montrée Froriep, par une adhérence locale que la chorde « conservée 

avec l’endoderme dans l’épaisseur duquelle elle était primitivement enclavée le 
longe de la ligne médiane. A cette adhérence vient s'ajouter comme cause ad- 

juvante le ligament occipito-pharyngienne, dont |'insertion supérieure répo nd & 

la partie inférieure de la bourse.”’ 
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ing oceipito-pharyngeal fascia apparently acting as an essential 

factor in their origin. Huber discusses the possible action of the 
occipito-pharyngeal fascia in the development of the human bursa 

pharyngea. In one of the embryos at his disposal there was 

present a small bursa in close relation with a well-developed 
ocvipito-pharyngeal ligament and free from notochordal con- 

tact. The fact that there was present only an imperfectly de- 

veloped bursa independent of notochordal contact on the one 
hand, and a well-developed fascia pharyngo-basilaris on the 

other hand, seemed to Huber to argue against regarding the 

fascia as a factor in the origin of the bursa. Nevertheless there 
was present a bursa pharyngea. Moreover, examination of 

Huber’s detailed drawings shows that at the time when the 

pharyngeal epithelium becomes distinctly invaginated to form 
the bursa, the mesenchyme about the notochord at its point of 

contact is thickening to form a sheath, later incorporated with 

the fascia pharyngo-basilaris. Huber figures also a 60 mm. 

human embryo in which there is present a well-developed bursa 
pharyngea in direct contact with the developing fascia pharyngo- 

basilaris, which inyolved at some distance from the bursa some 

degenerating chordal remains. It may be suggested that while 

the human bursa pharyngea regularly develops in contact with 
the notochord, it arises not so much through tension exerted on 

the pharyngeal epithelium by the notochord itself, as by the 

sheath of (developing) connective tissue surrounding the noto- 

chord. However, maintenance of the notochordal connection 

with the pharyngeal epithelium may influence the mesenchyme 

to condense earlier, since the bursa together with the fascia begins 

to develop in the human embryo at a relatively earlier stage 

than in the pig. If this be the case, Tourneux’s distinction 

between the bursa pharyngea and simple pharyngeal recess is 

not valid. Indeed the fact that both kinds of pockets may be 

found at once, the one in contact with the notochord, the other 
with the occipito-pharyngeal fascia, together with the fact that 
sometimes these pockets are inseparable, indicates that there is 

no essential difference between them. Killian’s distinction be- 
tween the bursa pharyngea and the simple pharyngeal recess is 
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interesting in comparison with that of Tourneux: ‘Das Ver- 

hiltnis zur Fibrocartilage basilaris bietet ein wichtiges Kriterium 

zur Entscheidung zwischen einem einfaches Recessus und einer 

wirklicher Bursa. Ersterer gehért stets zu der Schleimhaut an.”’ 

The appearance of a series of bursae in embryos of the pig and 
of the horse (Tourneux), instead of a single bursa as in the human 

embryo, may be explained by the fact that the tension exerted by 

the fascia pharyngo-basilaris extends over a longer area, corre- 

sponding to the longer line of the crista pharyngea of the basi- 

occipital, which, as Skoda (’12) points out, corresponds in long 
skulled animals to the tuberculum pharyngeum of man. 

As is shown in figure 10, the pharyngeal tonsil (7) develops at 

the site of this series of pockets (figs.9 and 10). I believe that 

the name bursa pharyngea is preferable to that of recessus medius 
pharyngis. The latter term was originally proposed by Gang- 
hofner (’79) who, with Schwabach (’87), believed that the pocket 

is merely a part of the pharyngeal tonsil,—being the junction of 

the medial with the lateral furrows. By way of comparison 
with the recessus laterales, (fossae of Rosenmiiller) he suggested 

therefore the name recessus medius pharyngis, but oddly enough 

proposed that the term bursa pharyngea be retained for the 

pathologically over-developed form. The study of the genesis 
of the pocket, however, in both the human and pig embryo has 

shown it to be an independent anatomical structure. For this 
reason bursa pharyngea is the preferable term. 

CONCLUSIONS 

1. The relations of the notochord to the pharyngeal epithelium 
in the pig embryo differs essentially from that described for the 

human embryo, in that 

a) The notochord early becomesseparated off from the pharyn- 
geal entoderm, and then may acquire secondary contacts through 

excessive growth and ‘bendings.’ 
b) The notochord is never in contact with pharyngeal out- 

pocketings. 
2. It cannot be said that in the pig embryo the notochord 

either acts mechanically in the drawing-out of the infundibular 
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process and hypophyseal sac, or contributes any essential com-— 
ponent to the structure of the hypophysis. 

3. In the pig embryo distinction must be made among three 

different pharyngeal pockets: 

a) The first pocket, which can be regarded merely as a tem- 
porary invagination of the pharyngeal wall at the summit of the 

pharynx, arising from the tension exerted on the wall by, the 
flexion of the head in its growth. 

») The pharyngo-esophageal recess above the entrance into the 

esophagus, a constant structure in the pig, possibly arising from 
the tension exerted on the pharyngeal wall by the developing 

esophageal musculature. 

c) A series of pockets which develop in the anterior portion 
of the roof of the pharynx in front of the constrictor muscles 
and which are comparable to the bursa pharyngea of man. 

4. In the pig embryo, the series of pockets corresponding to 

the bursa pharyngea of man arises independently of notochordal 
contact—the developing fascia pharyngo-basilaris acting as the 
essential causative factor. 

5. The pharyngeal tonsil in the pig embryo develops in close 

connection with the series of pharyngeal pockets corresponding 

to the bursa pharyngea of man. 
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ONIC TISSUE TRANSPLANTATION 

SAMUEL RANDALL DETWILER 

Osborn Zoological Laboratory, Yale University 

INTRODUCTION 

‘Nile blue sulphate as a vital stain has been successfully used 
for determining the relation of various parts of the egg to the 

future embryo. The first application of this method was made 
by Goodale (’12) in a study of the development of Spelerpes. 

After removing the outer jelly from the egg, the inner capsule 

was punctured, thus allowing the perivitelline fluid to escape. 
Dry stain which was then applied with a needle to desired posi- 
tions on the jelly worked its way through the jelly and produced 

stained areas on the egg. These stained areas could be followed 
during the shifting of the egg substances, thus enabling a deter- 
mination to be made of the relation of these parts to the resulting 

embryo. 
Except for slight modifications in application, this same method 

was used by Smith (’14) in an experimental study of concres- 
cence in the embryo of Cryptobranchus allegheniensis. In this 
case an aqueous solution of proper strength was applied by means 
of a fine pipette after the gelatinous capsule has been removed 

from the egg. Distinct blue spots were thus produced which 

did not wash out and which were not sufficiently toxic to inter- 
fere with normal development. It was observed that the stain 
did not spread to any extent by diffusion and that stained areas 
were carried from one position to another only by an actual 

movement of egg material. Thus, the direction and amount of 

movement of the cells could be determined. 
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EXPERIMENTAL 

Many embryonie rudiments can be located only with difficulty 
in early embryos because there are no surface markings to indi- 
cate their position; consequently successful extirpation or trans- 

plantation of such rudiments cannot be effectually carried out 
unless some method is employed whereby their exact location can 

be ascertained. By producing a color contrast between the 
tissue of the two components, this object may often be attained, 
for then the grafted tissue can be marked out immediately with 

reference to the outline of the whole embryo, and can also be 

correlated with local landmarks in older stages. In grafting 

together parts of embryos of two species differently pigmented, 

we have a means of doing this, as in the lateral lineeexperiments 

of Harrison (’03). It was suggested by Dr. Harrison that, in 

homoplastic operations, this same purpose might be accom- 

plished by staining one of the components with some vital dye 

before transplanting. Accordingly, with the use of Nile blue 

sulphate, a method was devised whereby the anterior limb rudi- 
ment of Amblystoma could be located in embryos with open 

medullary folds. At this stage the somites and the pronephros, 

which in later stages, indicate the position of the limb rudiment, 
(Harrison, 15) are not yet formed, and the limb rudiment is 

present merely as a region of mesoderm without visible local 

characteristics. 

The method employed was as follows: Embryos, which were 

either removed from the capsule or allowed to remain within it, 
were placed in an aqueous solution of the stain until they had 
acquired a deep blue color, after which they were removed to 

tap water. An unstained embryo, which is of a brownish yel- 
low color, and a blue stained embryo were placed side by side in 

a watch glass filled with 0.4 per cent salt solution. A circular 

cut was made in the unstained embryo just posterior to an 

imaginary line passing dorso-ventrally midway through the em- 
bryo. The ectoderm and mesoderm were removed and dis- 

carded and the wound was cleaned of all free mesoderm cells. 
The wound was then covered over by a circular piece of ectoderm 
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taken from the stained embryo and cut to fit the excision. In 
about one-half hour the stained piece had healed in. Its‘size 

and position could then be indicated by a camera drawing. The 
stained dise now occupied in the embryo the place of the origi- 

nal extirpated tissue and the position of this inserted piece of 
ectoderm, when development had proceeded so that the somites 
could be seen, served to indicate whether or not the limb rudi- 
ment had been removed. 
When the stained disc éventually lay just ventral to the third, 

fourth and fifth somites, it could be assumed with a high degree 
of certainty that the limb rudiment had been removed. If the 
extirpated tissue was taken from a more posterior position than 

that indicated above, so that the stained ectoderm which coy- 
ered the wound came to lie ventral to the fourth, fifth and sixth 
or the fifth, sixth and seventh somites, it was then clear that 

only a portion of the limb cells had been removed and regenera- 

tion could be predicted. 
The position of the stained disc is not always an absolute indi- 

cator of the region of the excised mesoderm, since it may be 
changed somewhat by ectodermal shifting. There is, however, 
very little shifting in the immediate limb region. The more 

pronounced ectodermal shifting, which does not usually occur 

until a somewhat later stage, takes place dorsal to the limb region 
and proceeds in a dorso-posterior direction; the general character 

and direction of the movement being similar to that observed in 

frog embryos by Harrison (’03) in his experiments on the devel- 

opment of the lateral line. 
The migrating ectoderm, however, occasionally involves the 

dorsal portion of the stained area which then loses its circular 

shape and lengthens out dorso-posteriorally. 
Various concentrations of Nile blue sulphate have been used 

ranging from 1 part of the dry stain in 100,000 parts of water to 

1 part of the stain in 500,000 parts of water. The optimum con- 
centration was found to lie between 1: 150,000 and 1: 200,000, 
The length of time required to produce the desired intensity in 
a solution of 1: 160,000 depends on whether or not the capsule 
was removed before the embryo was stained. Embryos removed 
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from the capsule were properly stained in about three hours, but 

when the capsule was left intact from ten to twelve hours were 

required. Staining in the capsule, though a longer process, pro- 

duces a more uniform color and for this reason is the more de- 

sirable method. 

When embryos were stained in the eapsule for twelve hours 

in stronger concentrations, the ectoderm took on a reddish color 

with a distinct luster, a condition which served to indicate that 

the embryo had been overstained. The vitality of overstained 

ectoderm is decreased, its healing properties, when transplanted, 

are more or less impaired and some diffusion of the stain takes 

place. ; 

Ectoderm taken from an embryo which has been properly 

stained has no reddish color, but presents a deep blue appear- 

ance; and, when transplanted to an unstained embryo, it heals 

as readily as normal ectoderm. ‘There is no diffusion of the dye 

into the ectoderm of the host and the original color of the stained 

tissue is preserved for several days. As a result of continued 

cell division, however, the size of the stained piece becomes 

larger and the stain gradually loses its intensity. 

Embryos stained in the capsule for twelve hours in various 

concentrations ranging from 1: 150,000 to 1: 200,000 have been 

kept for twenty-five days after the application of the stain, dur- 

ing which time development proceeded normally, and at the 

end of which period all reactions were normal. The larvae at 

this stage were still light greenish blue in color. 

Neutral red was also used in a few experiments with satisfac- 

tory results. When this stain is used the optimum concentra- 

tion for a fixed staining period of twelve hours lies between 

1: 400,000 and 1: 500,000. Embryos stained in the capsule for 

twelve hours in solutions of such strengths stain a uniform red 

and such embryos were also kept for twenty-five days during 

which period development was normal. At the end of this time 

practically all of the stain had disappeared. In so far as the 

effects on the embryo are concerned one stain can be used equally 

as well as the other; yet the Nile blue sulphate is the more desir- 

able because it produces a better contrast. 
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Goodale states that in Spelerpes the stain has a strong affinity 

for yolk granules and that the protoplasm is left unstained. On 
the other hand, Smith states that in Cryptobranchus the micro- 

meres stain distinctly and keep the stain while the more heavily 
laden yolk parts of the egg stain with difficulty. A study of 

stained ectoderm taken from Amblystoma embryos shows that 
some of the yolk granules take up the stain while others are 

left entirely unstained. 

The application of Nile blue sulphate has not been restricted 

to limb experiments, but has been used this season by Dr. Har- 
rison in experiments on the ear vesicle and on the gills. In as 

much as the method has given satisfaction in these several types 
of experiments, it is hoped that it may be applied to still other 
experiments dealing with embryonic tissue transplantation. 

The details of the limb experiment will appear in a later 

publication. 
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