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EDWARD ALLEN BOYDEN

In celebration of Edward Allen Boyden’s 68th birthday, it
is indeed a privilege for his colleagues and friends to express
jointly their appreciation of his years of research and of
his outstanding contributions to science including twenty
years of service as editor of The Anatomical Record, 1928-48.
Doctor Boyden, Professor and Head of the Department of
Anatomy, University of Minnesota Medical School, is a man
of hroad interests, unsurpassed standards of excellence, and
rare twofold competence as morphologist and experimentalist.
In spite of bis heavy load of teaching and administration, he
continues to expand the frontiers of science through funda-
mental research.

His grandfather and his father were successively the third
and fourth presidents of the Bridgewater (Mass.) State
Teachers College (1860-1906 and 1906-1933) from which
Allen was graduated in 1907. His early attraction to zoology
is attributable in part to his father’s interest in the natural
sciences. Allen went to Harvard University where he was
granted the hachelor’s degree in 1909 and the master’s in
1911.

A year at Freiburg, 1911-12, brought him under the influ-
ence of Keibel and of- an anatomical institute, and shifted
his m.ajor interest from zoology to medical anatomy. His
experience abroad also accentuated his interest in the pie-
torial arts, in music and in the peoples of the earth. In
London, on his way home, he purchased from an artist her
copy of a Vermeer, and went without meals for the remaining

This welcome tribute to our affectionately estcemed predecessor is the result o
a suggestion by a group of Doctor Boyden’s close friends and associates, catalyz 3;
by a small committce whose members modestly wish to remain anony 7’)1011 y;;’
hlfoingmph for the frontispiece was provided by Doctor Boyden’s ‘;’a ; ' e
wife, Mrs. Margaret Hilsinger Boyden, and two children, drthur Claa'kml];l-

¢‘md- Mary S. Boyden, M.D. Many of the papers appea;*ing in thi 61 ouden
tnrited contributions by Doctor Boyden’s present and past associaie: Oy are

3

his

— EbpiTor.
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4 IN HONOR OF EDWARBRD ALLEN BOYDEN

days before boarding ship; his skill as a draftsman has always
been an important part of his professional effectiveness. Mrs.
Frederic T. Lewis recalls that at Freiburg he sang with a
chorus some of the operas and that he first met his wife on
the hoat coming home. After marriage, their special pleas-
ures included the playing of piano duets.

He has served in six American universities. At the Har-
vard Medical School from 1912 to 1926, where he received
his Ph.D. (Med. Sc.) degree in 1916, he served as instructor
in comparative anatomy for three years and assistant pro-
fessor for seven. Two short leaves of absence were devoted
to teaching and research at Stanford University and the Uni-
versity of California. Next came three years at the University
of Illinois College of Medicine, as professor of anatomy,
during which period he accepted the editorship of The Ana-
tomical Record. Then he accepted an invitation to reorganize
the Department of Anatomy at the University of Alabama,
and remained there for two years. His move to the University
of Minnesota in 1931 permitted the extension of an interest
which was first aroused during the course of examining some
10,000 mammalian livers in the abattoirs around Boston; there
he had encountered ‘‘kosher cutters,’’” from the local syna-
gogues, who informed him that anomalies such as he was
seeking were already described in the Babylonian Talmud.
At Minnesota, he assisted in translating that portion of the
16th-century codification of the Talmud which deals with
anatomy. As a by-product of this purely technical interest
in the history of medicine, he acquired an insight into the
ancient cultures of Judaism. Similarly, as a by-product of
travels incident to study in Furope and to serviece in six
American universities, he has come to the conviction that
the strength of America lies in the diversity of its parts.

He has been awarded the William Beaumont Prize, Uni-
versity of Illinois, 1928, and the Gold Medal of the Southern
Minnesota Medical Association, 1937. He has served as presi-
dent of the Minnesota Pathological Society, 1943; as first
vice-president of the American Association of Anatomists,
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1946-47; as a member of its exccutive committee, 1939-45;
as a member of its committee on nomenclature since 1946
and as a member of the editorial board of Acta Anatomica
since 1946.

He is currently working nights and weekends at his book
on the lung, which he plans to finish before the summer of
1954. His hobbies include classical musie, horseback riding
with his daughter, morning runs with his Irish Setter, a boat
on the Mississippi and two grandchildren, Wendy (9) and
Tommy (3). His fondness for horseback riding has per-
sisted, in spite of an accident in his youth in which he sus-
tained a broken nose; and his eyes still brighten when he
_recalls that later, when a rodeo came to Boston, he rode a
bucking broneo for more than a minute!

Much of his published original work is the outgrowth of
ohservations recorded in his doctoral dissertation: ‘“‘An ana-
tomical study of the 13-mm chick; a contribution to the com-
parative embryology of birds and mammals”’’ (1916, Harvard
College Library). His important fundamental studies include
those on gill filaments, cloaca and caudal intestine. Also, he
discovered that in chick embryos and duck embryos the caudal
end of the neural tube originates by a process of cavitation
of the tail-bud mass (see his ‘“A Laboratory Atlas...,” figs.
3-5). Of his original studies, the best known are those of
the urogenital system, extrahepatic biliary tract and seg-
mental anatomy of the lungs.

19?28 ?Il:td (:VO‘I.'k on t%le' urogenital system was published in
ay prived chick embryos of the growing tips of the

| ;‘:Iglcfﬁillll il:e;sl,‘land n}otecfl th.at the me§onephr.os begins to
he prese];ted (al goijdt (lzilbiggﬁ)logea}lr - 1111011]3?'51011- n 1982,
of the human kidney. volosient explmation of agenesis
1013)1]2 Sﬁt:((llllﬁs oié the extrahgpatic biliary tract ave traceable
g of a pancreatic bladder in one of 25 cats pre-

pared for a class in comparative anatomy (1922). Oue of his

1953 papers (““Humoral vs. neural regulation ) sum
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marizes 30 years of work; and the early advances are best
presented in brief by his own words:

¢« .. [In 1923,] this writer . . . was able to show that in
cats the gallbladder could be completely emptied by a meal
of egg yolk and cream, of which egg yolk was found to be the
most effective component. The next year (1924), Graham
and Cole . . . published a method of visualizing the human
gallbladder that rvevolutionized the diagnosis of cholecystic
disease and opened the way for direct experimentation with
the human gallbladder. In the fall of the same year a group
of workers at the Peter Bent Brigham Hospital in Boston
—unaware of the earlier work on the cat-— first observed
changes in the gallbladder shadow ‘after a meal.” The chole-
cystograms were made by Milliken and Whitaker [1925] on
‘Whitaker’s gallbladder. Subsequently, this work was ex-
panded [1925], but previous to that the writer requested
permission of the group to try the effect of egg yolk on his
own gallbladder. This was done [1925] (p. 334) and Whitaker
also published this cholecystogram [1926] confirming the
observation that egg yolk is the most effective food . . .

‘... Boyden [1926] had shown that the gallbladder of a
fasting animal could be activated by injecting into its leg
vein 10 ce of arterial blood from a cat which was digesting
egg yolk, and that marked contractions could be induced even
by transferring blood from a fasting animal to a test cat, or
by autotransfusion. Two years later, Ivy and Oldberg [1928]
discovered that an extract of the duodenal mucosa (chole-
cystokinin) could evacuate the gallbladder of a dog when
injected intravenously . . .”’

Allen Boyden’s studies of the lung, begun in February of
1945, are outgrowths of a surgical staff conference in which
he was asked by Owen H. Wangensteen to discuss the anatomy
of segmental pneumoncetomy. Search of the literature having
failed to yield any comprehensive figures of dissections of the
external and interlobar surfaces of the lung, Doctor Boyden
was obliged to make preliminary dissections. The first paper
of his series, based upon these dissections, appeared in De-
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cember of 1945. In a 1948 paper with J. Gordon. Scannell,
the opening sentence reads, ‘It is common expe.rlenee tl?at
when a given field has been explorec.l and a working termu}-,
ology devised, the real problems begin to assert t}lemselves.

Tn further celebration of Professor Boyden’s bu'thday, -col-
leagues and friends have submitted nqtes of appreciation.
Sinece space permits only partial quotation here, these notes
are to be hound and presented to the honoree as a ‘‘supple-
ment.”’

Barry J. Anson: ““To few investigators and teachers of
our generation are so many former students as deeply be-
holden as hosts of medical graduates are to Xdward Allen
Boyden. This is tantamount to saying that his straightforward
pedagogic methods, based upon selfdiscipline, superabundant
information and practicality in sense of ultimate responsi-
bility to the sick, have brought renown and popularity to his
instruectional sessions in laboratory, dispensary and clinical
conference. This widely-recognized power was nurtured by
a scholarly environment contributory to its growth and
maturation, and was spurred to fruition by a zealous and
dedicated enthusiasm akin to that which illumines scientific
advance in every era.

““Allen Boyden fitted with facility and naturalness into the
tradition of a Department where grounding stemmed from
the achievements of Charles Sedgwick Minot and Frederic
Thomas Lewis. During these early years, and consistently
thereafter, there is evidenced in all of Professor Boyden’s
wr}ting.g a respect for the venerable status of anatomy which,
!)elng employed to broaden his own treatment of a subject,
mparts the concept of a continuum, never assumes the aspect
of an element grafted upon the main theme of discourse.
Those of us whose attention was held by the special excellence
and temporal breadth of the lectures delivered by the late
Professor Lewis, will appreciate from what source Dr. Boy-
den received encouragement.

) : .
‘Allen Boyden, during his Harvard years, and in the course
of all subsequent research, b

ased all conclusions upon ob-
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served facts, multiplied to impressive and incontrovertible
numbers. Although regardful of the contentions of others
and respectful of the knowledge stored in scientific literature,
Dr. Boyden never howed in convenient subservience to either.

“To the student in the first year of his graduate program
(in which capacity my memory of Allen is most indelible),
instruetion was formidable only because the standards were
high and the goals lofty. Yet, so earnest was his teaching,
so clearly serviceable its intent, that the discipline was ac-
cepted rather than imposed. Never could the student question
the aims and wishes of his mentor; never was the presenta-
tion oblique, the manner offhand, the commentary vapidly
‘intellectual.” Punctuality, diligence and conscientiousness
were still requisites in laboratory decorum, and failure to
heed these exemplified mores, would have seemed effrontuous.
All of this bore a mark of Old World schoolroom bhehavior,
which, nowadays, alas, is a sadly abandoned code.

“These qualities were Dr. Bovden’s guides in bhis own
program of work; and even a casual reading of his publica-
tions would reveal that the phases of his life are unified and
noncompetitive among themselves, his abundant energies pro-
ductively enchannelled. For more than forty years he has
served the caunse of Medicine with unremitting zeal. So secure
is his position, so valuable bis contributions, that for the
further embellishment of honors already received, Allen Boy-
den need only be granted continuing fullness of academic
opportunity.’’

Charles H. Danforth: ‘‘Through the many years of our
acquaintance Allen Boyden’s sensitive responsiveness to di-
verse aspects of life has impressed me as one of his most
distinetive characteristics. In our association on the Stan-
ford campus and in the laboratory, during occasional evenings
before an open fire, at many meetings of the Anatomists, I
have become aware of his sensitiveness alike to the many-
tinted fogs of a California sunset, to the philosophies of men
in generations that have passed, to the aspirations of students
approaching new worlds of endeavor, and above all to the
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eternal pervasive mystery of life itself, whether enc.ountered
in a growing mesonephric duct, a functioning gall bladder,
an evolving fetal lung.

«Dr. Boyden has brought illumination to every subject he
has investigated, continuing year after year to accumulate the
added knowledge and insight which have combined to make
him a recognized authority in one field after another. In
addition to his own studies and those which he has directly
inspired, he has made a significant contribution through the
62 volumes of The Anatomical Record for which he served
as editor. Few not on his board, and those only to a degree,
could have been aware of the effort that went into shaping
these volumes into the monument that they are. The eritical
reading of each paper, the pertinent questions, the helpful
suggestions, the firm but sympathetic restraint on the over-
enthusiastie, the immature and the ill-informed have borne
real, if intangible, fruit for here no less than in the class
room and the seminar, Dr. Boyden has been, as he continues
to be, a potent influence in shaping the quality and the direc-
tion of American Anatomy.”’

Franklin S. Du Bois: ‘“The Alabama days were indeed
happy ones. They began almost twenty-five years ago and I
look hack on them as a great privilege, a privilege to be asso-
ciated with one of the greatest anatomists of our times and
one of the kindest men who ever lived. My admiration and
affection for Allen are very great indeed.””

Harold S. Diehl: ““Over the many years that Dr. Allen
]}3[(2:12:0?;8\})95}1 :i réle]rlnbﬁr] of the staff of the University of
P me;ﬂ()ae 1%caH c}oo 1le has typified the ﬁnesjc type of
teacher of both.und‘ér :ra's d)ee‘cn . dd e“’Oted e Stnmlating
has personally and co;fzillfuc:fsle all \ ‘-gl(‘iaduajte students. 'He
{ifie fnvestiaations sod Jan encm}lfr;e: 1d 1e on mportant scien-
in similar :«or]' on the part of --be , guided and cooperated

< he part of graduate students and other

members of the medical faculty. He has in addition been
distinguished scholar in broad fields of learnine 2
made splendid contributions to th Armng and has
e general program in the
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administration of the Medical School. Any institution is for-
tunate to have on its faculty men with Dr. Boyden’s com-
petence and devotion.”’

Chester H. Heuser: “I am one of Allen’s most ardent
admirers. We were teaching fellows in Dr. Minot’s labora-
tory.

““An amusing incident oceurred the day we attended Dr.
Cannon’s lecture. When a pigeon deprived of its cerebellum
was brought to him, he explained that the animal would be
unable fo execute coordinated movements and pitched the
bird up in the air to demonstrate. However the pigeon made
a bee-line for an open window and disappeared. Allen whis-
pered in my ear ‘Absence of the cerebellum causes instant
flight.’

T have watched with much pride Allen’s rise to eminence.
His great accomplishments already mark him as one of the
best anatomists.’’

George M. Higgins: ‘‘Certainly no other investigator has
with as great care or meticulous study advanced our knowl-
edge of the extrahepatic biliary tract as Allen Boyden. His
interest in this mechanism has not been transient, but has
continued for more than a quarter century.

“Working always with intense zeal, dedicating himself to
a truthful understanding of the biologic principles which
operate, and yet with humility and sympathetic understand-
ing, he has built for himself a personal and scientific repu-
tation worthy of our highest esteem.”

Thomas E. Hunt: ‘‘[At Alabama] Dr. Boyden had a pro-
found effect on the development of the school and left behind
influences which are still felt. He especially advocated any-
thing which would encourage research.

‘“His presentation of gross anatomy to medical students
from a developmental and functional point of view was both
scholarly and stimulating.

“We are grateful to him for making our lives a richer

experience and our search for scientific truth a more exciting
adventure.”’
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Leo G. Rigler: ‘“The contributions of Dr. Edward Allen
Boyden to the field of roentgen diagnosis are the most im-
portant of those of any living anatomist. Of fundamental
significance were his studies of the time factor and the degree
of contraction of the gallbladder in normals, under the influ-
ence of various physiological stimuli, and of various abnor-
mal states. It is obvious that his work in the field of the
anatomy and physiology of the biliary tract has been in-
valuable to the radiologist.

«“Dr. Boyden’s later work on the normal anatomy and ana-
tomical variations of the tracheo-bronchial tree has heen a
revelation to radiologists. This research has produced the
most important contributions to radiological anatomy and to
an understanding of the roentgen findings in the lungs and
bronchi since the earliest studies of William Snow Miller.
His contributions have made the roentgen diagnosis of the
biliary traet and of the respiratory tract far more accurate
and have added immensely to the contributions of radiology
in the diagnosis of disease.”’

Ralph F. Shaner: ‘‘My earliest recollection of Dr. Boyden
is that of a teaching fellow, clad in a manila brown laboratory
coat, who divided his time between . .. [teaching] and peering
down C. S. Minot’s old microscope at chick embryos. His
meticulous care was a revelation to a beginner like myself.
Combined with a restless curiosity it produced notewz)rthy
results.

.“Under the Minot regime everyone in the department had
ﬁisv ;tsbht(;ll:t.’ Dr. Boyden’s was the pho.tographing of the em-

T went into the Minot Collection. It was good prac-
tice; for he was to be the Anatomist’s chore-boy as editor of
The A13atomical Record. He deserves the thanks of every
;ensr;t(t):lsllft’ ’the world over for his discharge of such a thank-

Richard L. Varco: ““There is many an apt phrase . . .

0911Id offer on hehalf of a tribute to those numerou
nificant contributions of Dr. Edw

exist because of an academic

one
s and sig-
.ard A. Boyden. These works
lifetime filled by a generous
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allotment each day to productive investigative work. Of recent
years, happily, these scientific efforts have been devoted to
the development of our superior understanding of the pre-
cise anatomical configurations of the lungs, their segments, and
blood supply. His sustained efforts ... have earned widespread
recognition for his work among those surgeons dealing with
the problem of pulmonary resection. Today’s widely accepted
principle — when operating upon the lung conserve as much
pulmonary tissue as possible — derives much of its practical-
ness from this application of a thorough knowledge of the
common patterns and variables of the broncho-vascular struc-
fures.”’

Owen H. Wangensteen: ‘‘One cannot talk long with Allen
Boyden without appreciating his deep sense of scholarship.
It pervades every fiber of him.

““Over a period of approximately ten years, Dr. Boyden
has come about once a quarter to talk to our Saturday morning
Surgical Conference on the anatomy of some operative pro-
cedure. The preparation which he put into those presentations
was truly extraordinary. [His preparation for his discussion
of the lung in 1945 led him] to devote himself with such pexr-
sistence and devotion to his recent studies, which have proved
so helpful to surgeons.

““In my opinion, Allen Boyden is one of the great students
of anatomy of his generation. He has left his impress upon
this provinee of knowledge as well as upon this Medical School.
Medical students, justifiably, have had great admiration and
affecti.on for him because of his unusual eapacity as a teacher.”’

Cecil J. Watson: ““Allen Boyden’s classic studies of the
functional anatomy of the gall bladder stand out amongst his
many contributions to science because they have heen of such
mmportance in physiology and clinical medicine. Another
s'tud_v of this same type is his unusually painstaking delinea-
tion of the sphineter choledochus. It is safe to say that his
more recent studies of the ... [lung] bid fair to be classified
in the same categ:ory. It is already clear that they will prove
of considerable significance from the standpoint of the surgi-
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cal treatment of various pulmonary diseases, especially bron-
chogenic carcinoma.’’ ‘

Finally, the stature of a man is indicated in part by his
own words. To an appreciative freshman medical student
who had just finished the course in gross anatomy, Doctor
Boyden recently wrote from his desk at home the following
reply:

«Your kind letter is one that I shall always treasure. In
working with a class like yours one is ever conscious of its
potentialities and ome’s own inadequacy. And yet, here and
there, the miracle happens. A spark is struck and the tinder
catches on fire. When I was your age such a spark was struck
for me by . T. Lewis. T could never repay him, but 1 could
try to hand it on; and that is all that any of us can do. We
all stand on the innumerable shoulders of those who have

gone hefore. Thank you again for letting me know that I
have not altogether failed.”’

A CHRONOLOGICAL LIST OF PROFESSOR BOYDEN'’S PUBLICATIONS
(some 50 abstracts and book reviews omitted)

1913 (With H. W. Rand.) Inequality of the two eyes in regenerating planarians,
Zool. Jahkrh. Abt. £, Zool. u. Physiol,, 34: 69-80.

1917 The origin of man in the light of post-Darwinian discoveries. Proe. Har-
riett Newell Soc. Dent. Res., Harvard Univ., 2: 12-15.

1918 Vestigial gill-filaments in chick embryos with a note on similar struetures
in reptiles. Am. J. Anat., 23: 205-236.

1022

The development of the cloaca in birds, with special reference o the origin
of the bursa of Fabricius, the formation of the urodaeal sinus, and the
regular occurrence of a ecloacal fenestra. Ibid. 30: 163-202.

A typical pancreatic bladder developed from an aceessory panereas. Anat
Rec., 23 : 195-203. '

The early development of the cloaca in ostrich embryos, with speecial
reference to the reduction of the caudal intestine. Ibid. 24: 211-292

1923 The ;gaﬂ bladder in the eat——its development, its funectional periodi(;it\'
and its anatomieal variation as recorded i enty-fiv ST
Thid, 941 355 capstomnty. ded in twenty-five hundred specimens,

An efxperimental study of the development of the avian cloaea, with special
;,Qo (f}r,,m;c()e: t:3:71 An;e;hmucal factor in the growth of the allantois. J. Exp.

The effect of natural foods on the distention of the gall bladder, witl
on the change in pattern of the mucosa as it passes fro (,] ) a now
collapse. Anat. Ree., 30: 333-364. rom distention to

1924

1025
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The problem of the pancreatic bladder — a critical survey of six new cases,
based on new histological and embryological observations. Am. J. Anat.,
36: 151-1841.

(With L. R. Whitaker.) Observations on the function of the gall bladder.
Am. J. Physiol., 76: 199~200 (abstract).

A study of the behavior of the human gall bladder in response to the in-
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(This monograph, to appear in 1954, will have 124 figures, 72 of which are
in black and white and 64 in color.)



ELECTRON MICROSCOPY OF MOTOR NERVE CELLS
FOLLOWING SECTION OF AXONES?

J. FRANCIS HARTMANN
Department of Anatomy, University of Minnesota, Minneapolis

FOUR FIGURES

INTRODUCTION

In previous studies with the light microscope (Hartmann,
48, °49), the hasic fuchsin technique of Fain and Wolfe (’44)
was used to demonstrate mitochondrial changes following
section of axones. It was found that motor cells of the sci-
atic and hypoglossal nerves showed an inerease in fuchsino-
philic granulation on the operated side after unilateral neu-
rotomy. The increase was maximal on the 11th postoperative
day, when the number of stainable granules, presumably mi-
tochondria, on the homolateral side was nearly double that
of the control side. Because the average diameter of the mito-
chondria (3000 ) is so close to the resolving limit of the
light microscope, by the use of staining reactions alone it
was impossible to be certain that all red-staining granules
were in fact mitochondria. Other possibilities, however un-
likely, could not be positively ruled out. Thus, the only argu-
ment against the view that some of the increased granulation
might be due to particles of degraded Nissl substance re-
sponding to the mitochondrial stain was the fact that the
granules were found to be as numerous in the Nissl-free axone
hiIl(}ck as elsewhere in the cell. Some other criterion for
positive identification of mitochondria was therefore neces-
sary.
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During the course of these experiments, a second problem
presented itself. It concerned the role played by the nuclear
membrane in nucleotide metabolism, since the ultraviolet mi-
crospectrographic studies of Hydén (’43) had related much
of the protein synthesis in nerve cells to the nucleolus. In
this instance also, the resolving power of the light micro-
scope, even in the ultraviolet part of the spectrum, was in-
sufficient for adequate analysis of this problem.

At this juncture, it became apparent from the work of
Pease and Baker (’48), Baker and Pease (’49) and of New-
man, Borysko and Swerdlow (’49a, ’49b) that sections suf-
ficiently thin for electron microscopy could be consistently
prepared. Following this work, descriptions of cellular ul-
trastructure, including details of mitochondrial organization,
began to appear in the literature. Bang and co-workers (’52)
established the validity of identifying mitochondria in elec-
tron micrographs of osmium-fixed tissue by comparing phase
contrast micrographs of living cells with electron micrographs
of the same cells after fixation.

The way seemed clear for a simultaneous attack on prob-
lems concerning the mitochondria and the nuclear membrane
by repeating the earlier.axone section experiments, but using
the electron microscope to analyze the results. As a necessary
preliminary, the range of ultrastructural variation in the cen-
tral nervous system of normal rats was explored (Hartmann,
’53). The present account, therefore, deals with changes in
the mitochondria and in the nuclear membrane in motor nerve
cells following section of axones, as revealed at the level of
electron optical resolution. It is possible to conclude that the
inercased fuchsinophilic granulation seen in the writer’s pre-
vious experiments was in fact due to increased numbers of
mitochondria in cells affected by the operation, since com-
parable results have been obtained with the electron micro-
scope, and since mitochondria are positively identifiable in
electron micrographs on the basis of size, shape, electron den-
sity and internal structure. The ultrastructural alterations
that have been observed in the nucleus give some support to
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the view that the nuclear membrane in nerve cells may be not
so much a passive barrier as a chemically active zone or 1n-
terface (Hartmann, *52a, ’52b, ’53).

MATERIALS AND METHODS

A series of 35 young adult male rats was subjected to uni-
lateral hypoglossal neurotomy under ether anesthesia. Cells
of the hypoglossal nucleus were studied in thin sections In
the electron microscope through the 15th postoperative day,
with particular reference to the mitochondria and nueclear
membrane. The methods of fixation and embedding were
those already described in detail (Hartmann, ’53). All sec-
fions were cut with the glass knife (Latta and Hartmann,
’50),2 at thicknesses ranging between 0.05 and 0.1 p. All stud-
ies were made with the RCA model EMU electron micro-

scope, equipped with self-bias gun, intermediate lens, and
standard objective aperture.

OBSERVATIONS
Mitochondrig

The electron microscope study fully confirms the earlier ob-
servations made with the light microscope, inasmuch as the
number of identifiable mitochondria is increased on the op-
erated side as contrasted with the control side (figs. 1 and 2).
No attempt was made to count the mitochondria, because of
the extreme difficulty of obtaining controlled serial sections
\\jithin the requisite range of thickness, and because inspec-
tlfonﬂof the mierographs gave no reason to doubt the validity
oI the numerical data obtaine i ig’ icr y
(Hartmann. 40 d with the light microscope

The mitochondria seen in inereased numbers on the oper-
ated side are structurally identical with those of the control
side. Reference has already been made to a certain degree
of structural variation among mitochondria in normal z(Daells
{(Hartmann, ’33), and the chondriosomes seen on the operated

” Knives of sclected glass were obtained from the Rrin Glass Co., Minneapolis
. .
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side exhibit a similar spectrum, except that a greater pro-
portion of them are elongated in form and less dense to the
electron heam, apparently because their constituent granules
are less closely packed (fig. 2). It seems likely that these mi-
tochondria are recently formed. If this is true, the fact that
so many of them are filamentous is of interest in relation to
their possible mode of formation, i.e., it appears unlikely that
they arise by fragmentation of pre-existing mitochondria. In
fact, in cells on the control side, filamentous forms are in
the minority as contrasted with spherical forms. As is the
case in normal nerve cells, only a small proportion of mito-
chondria from either the operated or control side show trans-
verse striations resembling those described by Palade (’53),
Sjostrand (’53) and Sjostrand and Rhodin (’53), as being
characteristic of mitochondria in various other types of cells.
The insert in figure 2 shows a group of mitochondria, one
of which has a transversely striated appearance. The fact
that filamentous forms frequently appear ragged at one end
or both, 1s probably due to at least two factors. One is that
elision of marginal irregunlarities whose dimensions are too
close to the resolving limit (von Borries and Kausche, 40;
Seeliger, ’48) makes all mitochondria look ‘“smooth’’ in the
light microscope. The other is that long or wavy mitochon-
dria cannot he expected to coincide with the plane of even
0.1 p sections throughout their length, and where they are
truncated as they pass out of the plane of section, the elec-
tron microscope resolves such irregularities as may be pres-
ent.

It should be stated that the disparity in mitochondrial con-
tent between experimental and control cells is not absolute.
In a sufficiently large series of micrographs, some control
cells will he found that appear to have as many mitochon-
dria as some experimental cells, and conversely. However,
when over 200 mierographs were sorted as representing cells
frm‘n one side of the brain stem or the other, purely on the
basis of mitochondrial appearance, a subsequent check on
the actual origin of the micrographs showed the sorting to
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have heen nearly 95% accurate. The 5% or so of control cells
that look like experimental ones could have heen metaboli-
cally stimulated by unknown factors not intended in the ex-
periment; conversely, the few experimental cells that look
normal may not have been in a state of maximal mitochon-
drial concentration at the time of fixation.

Nuclear membrane and mucleoplasm

A characteristic alteration in the nuclear membrane in cells
on the operated side was noted, the severity of which was
not correlated with the length of time elapsing after section
of the hypoglossal nerve. The change is that from a thin,
electron-dense line or pair of lines at the nucleo-cytoplasmie
interface (fig. 3) to a hroad hand or zone of granules (fig. 4).
These granules are indistinguishable, on the basis of size
and electron density, from those making up most of the mito-
chondria. Many cells from animals killed 1 to 5 days after
operation show an apparent depletion of nucleoplasm along
with the granular transformation of the nuclear membrane,
but this is not a universal finding. The electron density of
hoth nucleus and cytoplasm varies so disproportionately ;vith
small variations in section thickness that until better means
9f .controlling and measuring this parameter are at hand, it
1s impossible to be sure, except in extreme cases, whether the
depletion of nuclear material is real or only apparent. In
the same way, a reliable assessment of nucleolar diameter
would be interesting, but is next to impossible to achieve in
such thin sections, since so many of them could he cuttine
:?sg?;;l]?;lugniﬁlegh;i'alg d?‘hus; the unltraviolet micros.pecb-

g gs ydén (’43) can be only partially
verified, due to technical conditions. Nevertheless, the eranu.
lav appearance of the nuelear membrane in the ez’(perilt;lental
cells is of interest from the viewpoint of possible nuecl
cytoplasmic exchange. Caspersson (’50), on the hasis ol}:'u(in eg-
le‘s w}th u}traviolet absorption, states that in normal Zelllls-
proteins diffuse from the nucleolus toward the nuclear memf
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brane, and that on the outside of the latter an intensive pro-
duction of ribose nucleotides takes place. As Hydén (’50)
points out, in the regenerating neuron the cell body must
produce about 1000 times its own volume of cell substance.
Both authors suggest that the nucleolus is a focal point of
protein synthesis. The fine structure of the nuclear mem-
brane is not amenable to analysis with the ultraviolet micro-
scope, however, and such studies can with profit be supple-
mented by electron optical investigations of experimentally
altered nerve cells.

No evidence for a system of regularly arranged pores in
the nuclear membrane, even in the experimental cells of the
present study, was found. Indentations similar to those seen
in nuclear membranes of normal nerve cells appear with
about the same frequency in the experimental cells, buf in
the latter are usually deeper (ef. figs. 3 and 4).

DISCUSSION

In view of the rapidly accumulating evidence on the bio-
chemical significance of mitochondria (Schneider, ’53), the
positive identification of these cytoplasmic inclusions in elec-
tron mierographs, in confirmation of the earlier light micro-
scope studies, 1s of self-evident importance. It seems rea-
sonable to suppose that the neurons containing increased
numbers of mitochondria are in a regenerative phase, but
from the present experiments it is not possible to conclude
\\:hat type of metabolic activity, e.g., respiration, is prin-
?lpél]l}’ involved. It may be, as Bourne (’51) suggests, that
mereased numbers of mitochondria in nerve cells following
section of axones are associated with the regeneration of
myelin, but other experiments will be necessary to test this
hypot}msis. At any rate, the appearance of the experimental
cells in th’e present study suggests hyperaectivity instead of
degenerahon. It would doubtless be a profitable line of in-
quiry to follow the course of these observed ultrastruetural
changes well beyond the 15th postoperative day.
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The reason why so few mitochondria in either the experi-
mental or control cells in this experiment show internal strue-
ture similar to that described by Palade (’53), Sjostrand
(’53) and by Sjostrand and Rhodin (’53) is not immediately
clear. As predicted by Schmitt (’49), the problem of fixa-
tion is even more vexing to electron microscopists than it
was for so long to workers in light microscopy. The prepara-
tive techniques that have heen evolved to secure sections thin
enough for good resolution with an electron optical system
have without doubt introduced a new set of artefacts that
have as yet heen only imperfectly evaluated. Thus, the dif-
ferences hetween the mitochondria seen in nerve eells by the
writer and those seen in other cell types by others may he
related to the cytology of the nerve cell which is unique in
several other respeects, or the differences may be due to fac-
tors of fixation, embedding or even sectioning that are mot
vet understood. Objective criteria for evaluating the quality
of fixation at the ultrastructural level are still lacking, but
there is room to hope that the electron microscope itself may
prove to he the means of supplying them (Schmitt, ’49).
However, the present work can legifimately prescind from
the more fundamental problem regarding the true structure
of mitochondria in the living cell. The chief concern here is
whether or not changes in the mitochondrial content of motor
nerve cells can be observed following section of their axones
Smge both sides of the central nervous system of these ex—l
perimental animals were subjected (as far as can now he
known). to identical preparative treatment, the observed in-
crease in mitochondria on the operated side is more probably
to he aseribed to axone section than to conditions of technique

'.1‘1.1(3 evidence from the present work concerning the poggoilbl(;
origin of new mitochondria is not clear-cut. Miller (’5‘3‘)‘ h
ad.duced strong evidence that in the adrenal cortex elo; taz
mitochondria may segment to increase the number, of s g}a ;
(}:1‘1 forms. As already mentioned, most of the mitoch{op :lefc'l-
mterpreted as heing newly formed in the present W’Ol‘lr{l ;iz
of the filamentous type, and no evidence of fragmentation
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was observed at the level of resolution attained. Miller fur-
ther states that our knowledge is still incomplete as to
whether mitochondria may subserve different functions in
different cells, and we may here be dealing with a case in
point. Schneider (’53) has reviewed the evidence pointing
toward biochemical heterogeneity of mitochondria, a phe-
nomenon which could conceivably be reflected by structural
heterogeneity as well.

No stages clearly indicative of mitochondria in the proe-
ess of formation appear in the electron mierographs. Pos-
sibly a series with intervals of less than 24 hours after
operation would show such stages. The possibility that the
filamentous mitochondria might arise from the submicroscopic
cvtoplasmic fibrils suggested itself, but is discounted by the
fact that many cells were seen containing large numbers of
mitochondria but with the eytoplasmic fibrils still in evidence.
The evidence available in this study suggests that the mito-
chondria arise by accretion of submicroscopic cytoplasmic
particles at or mnear the nucleo-cytoplasmic interface. The
eranules of the thickened nuclear membrane, of the same size
and electron density as the constituent granules of the mito-
chondria, provide an interesting basis for speculation in the
light of Bensley’s (’47) suggestion that chondriosomes may
be temporary aggregates. Such a view is not irreconcilable
with the ultrastructural pattern revealed in mitochondria by
the electron microscope, i.e., the fact that a complex inter-
nal structure may be demonstrable in them is not by itself
sufficient reason for concluding that the chondriosomes must
be permanent cellular organelles. The well-known phenomena
of cellular differentiation, dedifferentiation and redifferentia-
tion may each be characterized by complex but transitory cel-
lular architecture. The secretory cycles of the anterior hy-
pophysis are an example of temporary structural entities that
may prove quite as highly organized at the submieroscopic

“level as are the mitochondria. Theve is no evidence in the
present experiments that is inconsistent with Bensley’s hy-
pothesis, or even with the view that the constituent particles
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of the mitochondria might have migrated from the nucleo-
plasm.

Quch considerations as those above lead naturally to the
problem of the nuclear membrane. The similarity between
the submicroscopic granules of the nucleoplasm and those of
the thickened nuclear membrane in experimental cells is in-
teresting in the light of the hypothesis (Hartmann, *52a, *53)
that the nuclear membrane plays an active rather than a pas-
sive role in the economy of the nerve cell. If at least some
of the observed diminution in nueclear density in these ex-
periments is real, it seems possible that in metabolically
stimulated nerve cells, certain compounds synthesized in
relation to the nucleolus may undergo transformation as they
migrate to the cytoplasm. In such a case, the nuclear mem-
hrane could represent, not a physical barrier, but a relatively
static phase in the transformation of such migrating mate-
rials. The structural variability among nuclear membranes of
nerve cells from normal animals (Hartmann, ’53) counld be
explained as characterizing cells in which protein synthesis
and transport were proceeding at varying rates, or which
were in various stages of the process at the time of fixation.
The total absence of regularly arranged pores in the nucelar
membranes of experimental cells seems to rule out the hy-

pothesis of direct nucleo-cytoplasmic outflow as a character-
istic phenomenon of adult nerve cells.

SUMMARY

L In light microscope observations, previously reported
by the writer, an increase in fuchsinophilic granules in motor
nerve cells following section of axones was deseribed. These
granules were found to be structurally and tinctorially simi-
lar to nntoch(?ndrla In normal nerve cells, but the resolving
power of the light microscope did not permit unqualified iden-
tification of all new granules as mitochondria.

( 2. In the present study, a series of 35 rats was subjected
o unilateral hypoglossal neurotomy, and cells of the hypo-

glossal nucleus were studied in sections in the electron mi
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croscope through the 15th postoperative day, with particular
reference to mitochondria and the nuclear membrane.

3. The earlier observations made with the light microscope
were fully confirmed, inasmuch as mitochondria are identifi-
able in the electron microscope on the basis of size, shape,
electron density and internal structure.

4. Although no clear evidence regarding the origin of new
mitochondria was found, there is some reason to think that
they may arise in nerve cells by aceretion of submicroscopic
granules at or near the nucleo-cytoplasmic interface, rather
than from the cytoplasmic fibrils or by fragmentation of pre-
existing chondriosomes.

5. The single or double thin, dense line representing the
nuclear membrane in sections of normal cells is replaced by
a relatively wide band or zone made up of submicroscopic
granules.

6. No evidence for a system of regularly arranged pores in
the nuclear membrane was found in either control or experi-
mental cells.

7. It is suggested that in metabolically stimulated nerve

cells, the nucleoplasm may undergo transformation while mi-
grating to the cytoplasm, with the thickened, granular nuclear

membrane representing a relatively static phase of the trans-
formation.
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PLATE 1

EXPLANATION OF FIGURES

Scale indicates 1 .

1 Cell from hypoglossal nucleus on control side of rat 10 days following neu-
rotomy. A few dense mitochondria appear in the eytoplasm. X 6400.

2  Cell from operated side 7 days after neurotomy. A few dense mitochondria

and numerous less opaque forms are present in the cytoplasm. The granular trans-
formation of the nuclear membrane can be seen. X 16,500,

Insert: A group of mitochondria in the cytoplasm of a cell on the operated
side, 8 days after operation. One of them shows transverse striationms. X 18,550.
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PLATE 2

EXPLANATION OF FIGURES

Scale indicates 1 p.

3 Cell from hypoglossal nucleus of control side, 7 days after operation. The
nuclear membrane is represented by a pair of electron-dense lines, and is very

thin. The indentation is similar to those frequently found in normal nerve cells
throughout the central nervous system. X 37,550.

4 Portion of nuclear membrane in cell of hypoglossal nucleus on operated side,
5 days after neurotomy. Even at this magnification, lower than that of figure 3,
the thickened, granular appearance of the nuclear membrane is evident. X 23,350.
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TISSUE MAST CELLS IN HUMAN UMBILICAL CORD,
AND THE ANTICOAGULANT ACTIVITY OF DRIED
EXTRACTS OF CORDS AND PLACENTAE
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NINE FIGURES

INTRODUCTION

Tissue mast cells are an expected cellular constituent of
most types of connective tissue, but they often are not recog-
nized even when they are particularly numerous because the
various routine water-soluble fixatives allow dissolution of
the water-soluble metachromatic granules. Because of the
mucous nature of Wharton’s jelly, the latter might be ex-
pected to contain numerous mast cells. The present investi-
gation was directed towards demonstrating the presence of
mast cells in the umbilical cord of humans. The findings led to
preliminary investigations of the anticoagulant aectivity of
dried water extracts of the umbilical cord and placenta.

MATERTALS, METHODS AND OBSERVATIONS

Our original interest in this problem was purely histological
Although Lehner described tissue mast cells in the umbilicai
?ox'd in 24, their presence in this location is not acknowledeed
in textbooks of histology (Masimow and Bloom ’52). In t;;h
1_)\'es.ent investigation, first efforts were directed t’ox&*al';l id t'e
fication of tissue mast cells in dry smear preparations fe l’zhl_
mucous connective tissue of the umbilical cord. Fresh lilmal(i

35
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ambilical cords ! were obtained; the amnion was slit with a
blade; and smears were made from the exuding mucus. The
smears were dried rapidly and stained with Wright’s stain
and/or with toluidine blue. Grossly, smears of this type had a
rich reddish purple color, the entire semi-amorphous ground
substance being metachromatic. Scattered in this substance
numerous tissue mast cells were usually found. In addition,
the “‘fibroblasts’’ of mucous connective tissue with their vary-
ing bizarre shapes were easily identified. A large percentage
of these cells contained metachromatic granules which varied
in number, size, shape and state of preservation. Many of the
“fihroblasts’’ contained annular granules with colorless cen-
tral areas and also showed vacuolization of the cytoplasm;
both of these phenomena are known to oceur in blood or tis-
sue mast cells when the granules have undergone partial dis-
solution. Twenty-two umbilical cords have heen studied.
Smears of all of these cords have shown tissue mast cells.

EXPLANATION OF FIGURES

Figures 1 through 5 show various types of cells which con-
tain deeply metachromatic granules as they appear in dry
smears of Wharton’s jelly stained with toluidine blue or
Wright’s stain. Figure 1 shows a relatively low-power view
of three tissue mast cells. Often, in dry smears, 4 or 5 of
these cells would be found in a single low-power field. The
scratches in the background (fig. 1) give an indication of the
stainability of the ground substance. Figure 2 shows a typi-
cal tissue mast cell comparable to the three cells in figure 1.
These cells are comparable to the tissue mast cells found in
imprints of human hone marrow, lymph nodes, and spleen.
Figure 3 shows a cell with deeply metachromatic granules
which vary remarkably in size. Some are as small as those

* Cords were obtained from both primiparous and multiparous mothers. In some
instances it was possible to accomplish techniques necessary to the present prob-

lem as soon as 5 or 10 minutes after delivery of the placenta. However, results

were positive even when a longer time clapsed (one-half to two hours) follow-
ing delivery.
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seen in the mast cell in figure 2; others are as large as those
seen in the cells shown in figure 4. The variability in the size
and degree of metachromasia of mast cell granules was de-
seribed and illustrated by Downey (’13). Downey’s colored
figures 21 through 23 show mast cells in section preparations
from the mucous membrane of the turbinate bone; the varia-
tion in size and color of the granules is clearly apparent.
Zollinger (’50a, *50b) has described and illustrated the varia-
bility in size, contour and metachromasia of mast cell gran-
ules. With phase and with ordinary microscopy, he has
observed and photographed the dissolution of mast cell gran-
ules under the influence of distilled water or after prolonged
exposure to physiological saline.

Tigures 4 and 5 show cells with relatively abundant cyto-
plasm. These cells have irregular cell outlines, granules
which vary in size and shape, and varying numbers of vacu-
oles as well as evidence of partial dissolution of granules.
Cells with similarly abundant cytoplasm containing vacuoles
and metachromatic granules of varying sizes are also visible
in sections. In the latter preparations, some of the cells could
be considered to be fibroblasts, clasmatocytes or histiocytes as
they showed stellate, ameboid or irregularly angular cell bod-
ies. It seems possible that some of the ‘‘stellate-fibroblasts’’
(Maximow and Bloom, ’52) or some of the other conmnective
t1s.sue cells of Wharton’s jelly which can be shown to con-
tan} .metacromatlc granules with appropriate fixation and
stan.nng are potential mast cells.

s § fomgh 8 s Gome it il i et
M ¢ yere fixed In 8% basic lead acetate, sec-

tioned at 6 y, and stained with Dominiei’s stain (eosin 0,‘a o
G and toluidine blue) or with toluidine blue. M 2 oS
ue. Mast eells could

be found throughout the mucous conuective tissue. The dark
est smz}ll black spots in figure 6 are mast cells. éome ofa‘zhé
move lightly stained cells are comparable to the one shown

in ﬁ'gure 7. This cell contains both vacuoles and metachr
matic granules; this is only p o

. artially evid :
nncrogl.aph’ th@, Cells being J ent mn fhe }’)hoto-

particularly difficut to photograph
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because of their thickness. Figure 8 shows the metachromatic
oranules in one side of the cell and super-imposed upon the nu-
cleus. Figure 9 is the clearest of the photomicrographs ob-
tained; here even the variation of size of the granules can be
seen.

Extraction and clotting studies

Because the number of mast eells in Wharton’s jelly seemed
so great, attempts to extract the substance they presumably
contain were made. In the initial experiments blood was
milked from the wumbilical vein; in the later experiments
blood was withdrawn from the vein by means of a large nee-
dle and syringe until both the cord and the placenta were as
free of blood as possible. The cord was severed from the
placenta and cut into segments about one inch in length. The
amnion of the cord was slit in numerous places in order that
Wharton’s jelly be freely exposed to the extracting fluid.
Eight of the cords were allowed to remain in 100 to 300 cm?
of distilled water at room temperature for 10 to 12 hours.
Six of the cords were extracted with 0.9% NaCl (5 cm3, g.
tissue) as well as with water. The three earliest cords stud-
ied were not extracted. The last 19 cords were extracted and
were numbered 1 through 19. Similar amounts of placental
tissue from 12 of the specimens were extracted with water
and with saline. Aqueous extracts, only, were made of cords
and placentae 15 through 19. An aqueouns extract of minced
mouse muscle was also prepared as a control.

The extracts were tested in the following ways. Increas-
ing amounts of the extracts were pipetted into small glass
vials, the amounts varying from 0.1 em® to 9 em®. These ex-
fracts were dried at 110°C. One cubic centimeter of freshly
drawn human venous blood was then placed in these vials,
agitated in order to get as much of the dried extract into
solution as possible, and then allowed to stand for one min-
ute. The tubes, including control tubes, were tipped every
minute. After 30 minutes, the tubes were tipped every 5 min-
utes. After {wo hours, the tubes were watched less closely.



TABLE 1

Total clotting times of blood mized with aqueous extracts of human umbilical cords

CONTROL CONTROL CORD 2 CORD 3 CORD 4 CORD 5 CORD 6 CORD 7 CORD 8 °
0.9% NaCl em® 0 0.1 0 0 0.1 0.1 0.1 0.1 0
Blood em? 1 1 1 1 i 1 1 1 1
Extract em® 0 0 2 2
CL T. 9’ 15" 9’ 10" 1 hr. 20’ 3 hrs. 15’
Extract em® 3 3 3
CLT. 7 hrs. 5’ 23 hrs. + 17’ 20”
Extract em® 4 4 4 4
CL T. 18’ 35" 12 40” 20 5" 23’
Extract em?® 5 5
CLT. 17 hrs. + 1
Extract em?® 6 6 6 6
CL T. 17 hrs. + 2 hrs. -+ 40’ 15" 13’ 40"
Extract em? 7
CL T. 17 hrs. 4
Extract em® 8 8
CLT. 17 hrs. 4+ 13’ 45"
Extract em? 9 9 9 9 9
CL T. 19’ 20” 17’ 5" 2 hrs. + 2 hrs. +- 16’ 20”

agop IVOTTIdINNA NVIWQAH NI STTID ISV

Bxtract (amounts are given in em® prior to drying. The extract was tested in the dry state).
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TABLE 2

Total clotting times of blood mived with aqueous and saline cxtracts of cords

CORD 9 CORD 10 CORD 11 CORD 12 CORD 13 CORD 14
CONTROL CONTROL
(S.E.) (H.E.) (8.8.) (IL.E.) (IL.E.) (S.E.) (H.E.) (ILE.) (S.1.) (IL.E.)

0.9% NaCl em? 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Blood em?® 1 1 1 1 1 1 1 1 1 1

Extract em® 0 0 2 2

CLT. 9 15”7 910" 2 hrs, 2 hrs. +

[ixtract em?® 3 3
CL . 2 hrs. -+ 13’
Bxtraet em® 0 0 4 4

CL "I, 8’ 10" 6’307  2hrs. + 2 hrs. -

Extract em® 6 6 G 6 6 6 § 6
CL T, 2 hrs. - 15’ 2 hrs. 4 63’ 21" 2hrs. 4 2hrs. 4+ 37’
Extraet em?® 8 8
CL . 2 hrs. + 2 hrs. +
Extract cm? 9 9 9 9 9 9 9 9 9
CL T, 2 hrs, - 107 48’ 2 hrs. -+ 2 hrs. 4 63’ 2 hrs. 4+ 2hrs. 23’

S.E. — Saline extract.
H.E. — Aqueous extract.

0¥
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Tt was found with Cord 1 that as little as 2 or 3 cm? of the
original extract caused marked prolongation of the clotting
time. Cord 2 gave similar results. Cord 3 apparently pro-
vided a particularly potent extract; 3 cm? of dried extract
prolonged the clotting time for over 12 hours. Cords 4, 5,
6, 7, and 8 when tested in this manner seemed ineffective, but
it was felt that the extract had become too firmly fixed to
the sides of the tubes, and that it did not mix with the blood
with sufficient rapidity to prevent clotting. For this reason
0.1 em?® of 0.9% NaCl solution was placed in each of the tubes
containing dried extract and into a control tube, and the anti-
coagulant activity was retested. The results are given in ta-
ble 1.

The next 6 cords (9 through 14) were extracted both with
saline, as deseribed, and with water. Samples of each showed
anticoagulant activity.

Samples of the results obtained are given in table 2. The
tubes were watched carefully for only two hours.

Effect of hyaluronidase

Because the umbilical cord is often used as a source of
hyaluronic acid, attempts to exclude the possibility that the
extracted anticoagulant was hyaluronic acid were made. After
Lem?® of blood in the extracts of Cords 3 (4cm?), 9 (4 cm?) 2
and 9 (9 em?) ® had remained fluid for 30 minutes, 0.1 cm?,
0.2em?® and 0.3 em?® of hyaluronidase* were added to the
three tubes in the order listed. This did not alter the clotting
time; all three samples remained flnid longer than two hours,
z}lso 0.3 em® of hyaluronidase had no effect on the clottine
time of 1em” of blood, and 0.5 em® of hyaluronidase had nz
effect on the clotting time of 3 em? of hlood.

Four cubic centimeters of the water extract of Cord 13
was placed in each of two tubes. To one of the tuhes, 1 em?
of hyaluronidase was added. The tubes remained at’ room

:th:ne extract of cord. Results probably not valid.
‘Snlme extract of cord. Results probably not valid.
H}-ﬂluromdnsc——W}'cth. 150 turbidity units/em?.
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temperature for 4% hours. The extracts were then dried at
110°C. and tested with 1 em?® of blood, using 0.1 em? 0.9% NaCl
in each tube to attempt to get the extract into solution. The
saline control which lacked both the extract and hyaluronidase
clotted in 925”. The saline plus extract clotted in 19’30”, and
the saline plus extract and hyaluronidase clotted in one hour.
A similar test was done with 5 em® of the water extract of
Cord 11. The saline control clotted in 11/, The saline plus
extract clotted in 20/, and the saline plus extract and hyalu-
ronidase clotted in 3%'.

Obviously these are only preliminary experiments, but they
suggest that the anticoagulant is not destroyed by hyalu-
ronidase. One might wonder if the hyaluronidase liberated
more anticoagulant from the viscid extract and thus prolonged
the coagulation time. The aqueous extracts in this experiment
do not seem sufficiently uniform to warrant this conclusion
without further studies.

The effect of hyaluronidase on the mast cells of the smears
was also tested. Two dry smears were fixed in Lavdowsky’s 3
solution for 15 minutes. One was flooded with saline and the
other with 1 em?® of hyaluronidase. These solutions were left
on the slides for one hour. The slides were then stained
with Wright’s stain. Both showed numerons mast cells which
seemed to contain their full component of granules, and the
staining reaction of the granules seemed identical in the sa-
line control and in the preparation exposed to hyaluronidase.
Two bone marrow smears containing 8 tissue mast cells per
500 nucleated cells (from a patient with aplastic anemia)
were subjected to the same {reatment as a further check on

the method. The mast cells were similarly unaffected by
hyaluronidase.

Effect of heat

Because Ja‘cques and Charles (’41) stated that heparin may
lose some of its potency on ashing, the effect of heat equal to

* Modification of Lavdowsky solution (Williams, Hodge and Wills, ’43).

Formaldehyde —10 parts; 956, aleohol — 50 parts; glacial acetic acid — 3.5
parts; distilled water — 40 parts,
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that used in drying the extracts of cord was checked by al-
lowing liquid heparin to dry at 110°C. for 6 hours. This treat-
ment did not alter its anticoagulant activity.

Additional controls and experiments

Extracts of minced mouse muscle had no effect on the clot-
ting time. Extracts of placental tissue (8 tested and not in-
cluded in tables 2 and 3), however, prolonged the clotting
time as much as or occasionally more than, extracts of the
cords. We have not yet been able to demonstrate significant
numbers of tissue mast cells in smears or sections of the pla-
centae. Tn sections oceasional mast cells can be found in the
walls of blood vessels.®

Blood aspirated from the umbilical cord was mixed with
normal blood in dilutions varying from 0.1 to 0.75 em?® of cord
blood to 1em?® of normal blood. The total clotting time was
not altered. Thrombin titrations and prothrombin times were
also normal. These experiments as well as the dearth of blood
in the cords prior to extraction suggest that cord blood is not
the major source of anticoagulant. It should be noted that

Piccolo (’50) has commented on the possible presence of an
anticoagulant in umbilical cord blood.

Antithrombic activity

Five cubic centimeters of blood was kept fluid by mixing it
with 15 em?® of dried aqueous extract of Cord 3. Plasma ve-

“Since this paper was originally presented in abstract (Sundberg, Sechaar
?’nwcll and Denboer, ’533), tissue mast cells have been deseribed and illustrate(;
in section preparations in the stroma of human chorionic villi by Latta and
Beber (’53). They believed that the cells they illustrated +were c;mparable to
cells deseribed and illustrated in human placentae by Pescetto (’50). Pescetto
found these clements with basophilie granules of a metachromatic type in pla-
centae from the 4th month of pregnancy to the time of gestation. He fo?md

these cells in both normal and diseased
al s ses placentae, but he felt the '
deerensed in eelampsia, , 1t they were
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moved from this blood prolonged the prothrombin time as
follows:

Prothrombin time
Control 14.1” and 13.3”
Plasma (E. Cord 3)’ 29.5” — 30.5"

MTests for antithrombic activity of the extract showed the
following results:

Thrombin titration S

Control 15.5”, 15.9”, 16.7”, 17"
Plasma (E. Cord 3) 39.7", 37.7”, 41.5”, 36.2" .

Heparinized plasma made up with 0.4 cm® of normal plasma
and 0.1 em® of a 1/300 dilution of commercial fluid heparin
showed thrombin titration times of 42.8”, 38.0”, and 36.7”.
This heparinized plasma gave prothrombin times of 15.07,
12.5”, and 17.4”. When 0.4 cm® of normal plasma was com-
bined with 0.05 em? of a 1/150 dilution of heparin and 0.05 cm?®
of a 1/150 dilution of protamine, the thrombin titration times
were 18.97, 23.3”, 24.4”, and 20.9”, and the prothrombin times,
12.8” and 15.0”. Attempts to neutralize the effect of the anti-
coagulant in the plasma using varying concentrations of pro-
tamine (0.1 em® of protamine 1,/1600, 1,/400, 1/300, 1,200, and
1/100) were made, but the thrombin titration times (34" to
45”) varied only within the range of variability of the times

obtained with the plasma alone. Recalcification times showed
the following results:

Normal plasma 2" 30” 2’ 15"
2’ 15" 2" 00"

Heparinized plasma
(deseribed above) 5" 00" . 5 00”
Plasma (E Cord 3) 13" 15" 25" 30"

* Plasma obtained from blood mixed with extract of Cord 3.

* Technique of thrombin titration: A saline solution of thrombin which will
clot normal fresh plasma in approximately 10 seconds is prepared. This con-
centration is then applied to the unknown. A second thrombin solution of %
the concentration of the first is prepared and both normal and unknown plasma
are tested with this. The time for normals is about 15 seconds with the latter
thrombin concentration. The thrombin solution is kept in ice during the procedure
fo insure maintaining its poteney. One-tenth cubic centimeter of plasma is pi-
petted into a small serological tube; 0.1em® of the thrombin solution is blown
in: and a stop-watch is started simultancously. Time of clot formation is noted.
The test is carried out in a constant temperature water bath at 30°C.
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Effect of salme

As can be seen in table 2, saline extracts of the cord ap-
parently contained a powerful anticoagulant. This was true
of the corresponding placental extracts as well. Prothrombin
time, thrombin titration times and recalcification fimes were
run on plasma obtained from blood mixed with the dried sa-
line extracts of Cord 14 and Placenta 14. Remarkable pro-
longation of the thrombin titration times and prothrombin
times was found. With recalcification, no definite clot formed
during the 30 minute period of observation. '

The latter observation and the faet that blood mixed with
saline extracts of the cords and placentae sometimes remained
flnid for several days of obhservation caused us to he con-
cerned about the possibility of some defect in fibrin forma-
tion. It seemed easily possible that the amount of saline in
the dried extracts was exeessive. Two small vials containing
2 cem? and two containing 9 ecm? of 0.9% NaCl were dried as
were the original saline extracts. When 1 e¢m® of hlood was
added to each of these vials, marked prolongation of the
clotting time was obtained. A weak coagulum formed in the
vials containing 2 em® of 0.9% NaCl, but nothing identifiable
as a clot could be seen in the vials containing 9 em? of 0.9%
NaCl. Prothrombin determinations were done on the plasma
from each of the tubes with the following results:

0.1 em3 thromboplastin 0.1 em? thromboplastin
0.1 em?1/80 M CaQl,
) (Added together)
0.1 en® plasma [from blood mixed with 2 em?
of 0.9% NnCl (dried)] 19”7
0.1 em® plasma {from blood mixed with 9 ¢m?

of 0.9% NaCl (dried)] 20" 4- 13’

Since dried saline extraects in concentrations similar to thoge
used in extracting the cords and placentae prolonged the clot
ey .

ting and prothrombin fimes, the results obtained with saline
extracets were considered invalid.
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Anticoagulant activity of cords and placentae
15 through 19

Aqueous extracts of 5 additional cords and placen‘tae were
prepared. The results of their effect on the. clotting time
are shown in table 3. Three separate evaluations were run.
Twenty cubic centimeters of blood was drawn each time, and
the tubes were filled at random so some of the diserepant re-
sults are probably due to tbe time at which the tubes were
filled ; the last tubes filled in one of tests, particularly, would
not show true values hecause blood was heginning to coagu-
late in the syringe even though it took only 3% minutfes to
expel the contents of the syringe. In the third evaluation,’
a siliconized syringe was used, and all the samples tested
contained 9 cm?® of dried agueous extract.

Thrombin titrations were done on plasma obtained trom
Cord 18, Placenta 18 and Placenta 19.

Time after blood was drawn 25’ 2 hours

Control 15.0”
Plasma from Cord 18 (1) 14.5”
(2) 14.5”
(3) 15.0”
Plasma from Placenta 18 (1) 15.1"
(2) 15.4"
Plasma from Placenta 19 (1) 17.2"

(2) 16.0” and 17.4" 19.4”

When thromboplastin only was added to the plasma from
Corad 18, no clot occurred in &. With the addition of caleium,
the prothrombin time was 15 with a control of 13.5”.

Reealeification of the plasma was done 35 minutes after
blood was drawn.

Recalcification time

less than 1’ 30”7
21 30"

Plasma from Cord 18
Plasma from Placenta 19

Two hours after the blood was drawn recalcification of

plasma obtained from blood mixed with extract of Cord 18
gave a time of 17187,

* The tests included in the third evaluation were performed by Dr. Paul Frick
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The results obtained on blood mixed with dried aqueous
extracts of Cord 18 and Placentae 18 and 19 do not confirm the
original results with Cord 3. Since in the last thrombin titra-
tion times there scemed to be no significant variation from
the normal and since recalecification of the plasma oceurred
within the time range accepted for oxalated blood, it seems
necessary to postulate that the latter extracts probably pro-
longed coagulation by binding caleium ions rather than through
some type of antithrombic activity.

LITERATURE AND DISCUSSION

A review of the phylogenetic and histologic history of his-
togenous and hematogenous mast cells was provided by
Michels (’38). The presence of tissue mast cells in the connec-
tive tissues of the liver, lung, subcutaneous tissue, subendo-
thelial tissue, and spleen was emphasized and illustrated by
Holmgren and Wilander (’37) and Jorpes, Holmgren and
Wilander (’37). Wilander (’38) showed that the amount of
heparin extracted from a tissue was roughly proportional to
the number of mast cells present, and his experiments give
strong support to the hypothesis that tissue mast cells are
a source of heparin. Jorpes (’39 and ’46) has reviewed the
history of the findings of this group of investigators. Tis-
sue mast cells have also been shown to be abundant in hu-
man synovial membranes (Davies, ’46; Wislocki, Bunting and
Dempsey, ’47; Janes and McDonald, ’48 and Asboe-Hansen,
'00). Janes and McDonald treated 10 em® of the 75 em?® of
bloody fluid which had remained fluid for over two and one-
half’ hours after aspiration from a joint cavity with 10 em?
of 1% protamine. Sinece a coagulum formed with this pro-
cedure, they felt that heparin might be partly responsible
for the prevention of coagulation in hemarthrosis.

Passarelli (’40) provided two illustrations (figs. 1 and 2)
of sections of umbilical cord. In each of these, there are three

cells which seem similar to the mast cells found in the pres-
ent investigation.
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Tn 1950 Ashoe-Hansen called attention to the fact that ti§-
sue mast cells and metachromatic ground substance are promi-
nent in myxedematous connective tissue. He clal.med the.xt
hyaluronidase reduced the degree of metachromasia of this
tissue. Ashoe-Flansen also discussed the fact that Wharton’s
jelly showed remarkable metachromasia and also large cells
with metachromatic cytoplasm and granules. He thought that
Wharton’s jelly consisted mostly of hyaluronic acid, and that
tissue mast cells might be important in the production of
hyaluronic acid.

The metachromatic staining reaction of the connective fis-
sue of the umbilieal cord was discussed and illustrated in
1947 by Wislocki, Bunting and Dempsey, but these investiga-
tors did not describe or illustrate tissue mast cells in the mu-
cous connective tissne of the umbilical cord. They stated
that all metachromasia was not removed from the matrix of
Wharton’s jelly by digestion with hyaluronidase and that
mast granules were not digested by hyaluronidase. One might
take this to mean that some substance other than hyaluronic
acid is respounsible for the staining reaction of mast gran-
ules and for part of the metachromatic staining reaction pres-
ent in the connective tissue of the umbilical cord. The present
studies on dry smears have confirmed the fact that meta-
chromasia remains in the ground substance and the mast cell
granules after digestion with hyaluronidase.

Glick and Sylvén (’51) have shown that tissues rich in mast
cells provide a heparin-lipoprotein which is a hyaluronidase
inhibitor. In the present studies hyaluronidase did not over-
come the antigeoagulant activity of the extracts tested.

Meyer and Rapport (’51) in a review of the mucopolysac-
charides of the ground substance of conmective tissue have
stated that umbilical cord contains hyaluronic acid and chon-
droitin sulfate C hoth of which are hydrolyzed by hyalu-
ronidase. They mention that heparin might he a mucopoly-

saccharide ocecurring in ground substances, bhut that Wi%h
their present methods they have not vet encountered it
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Snellman, Sylvén and Julén (’51) have extracted and puri-
fied a native heparin-containing compound or native anti-
thrombic material from tissue mast cells of ox liver capsules
or rat skin. This material was shown to contain heparin as-
sociated with a polypeptide and a lipid residue. They showed
that this native heparin complex, a ‘‘rapidly water-soluble
microsome material’”’ has a greater anticoagulant activity
than corresponding amounts of purified heparin. They felt
that from a cytochemical point of view, their results sug-
gested that the whole heparin complex is probably produced
in the intergranular cytoplasm of the tissue mast cells.

Although the present studies regarding the anticoagulant
in extracts of umbilical cord were made on a very crude ex-
tract, it was hoped that the material extracted might prove
similar to heparin or to the native heparin complex. Anti-
thrombic activity comparable to that shown in plasma mixed
with aqueous extracts of Cord 3 was not demonstrated in
aqueous extracts of Cord 18 and Placentae 18 and 19, and
the addition of calcium corrected the clotting defect. Also
the antithrombic activity of Cord 3 was not neuntralized with
concentrations of protamine sufficient to neutralize equally
antithrombic solutions of heparin. We do not understand the
diserepancy in antithrombie activity between Cord 3 and Cord
18 and Placentae 18 and 19.

Shulman and Ferry (’50) have shown that the clotting time
of bovine fibrinogen and thrombin solutions increases as the
ionic strength of a sodium chloride solution increases and
that clotting also varies with pH. These results were con-
ﬁrm.ed by Edsall and Lever (’51). The known high concen-
trah?n of sodium chloride in the saline extracts in the pres-
ent 111\*esfigation would account for much of the marked
1)1'olong:at10.n in the clotting times, prothrombin times, and
thrombin titrations even without the addition of whatever
subftance was extracted from the cords and placentae.

Koller ('52) in a review of the physiology and pathology
Of. h}ood coagulation summarized two interesting experiments
of Rovatti. Rovatti (’51a) showed that in experimental ani-
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mals intraperitoneal injections of heparin resulted in a tem-
porary metachromatic coloring of the liver tissue, and in the
appearance of numerous metachromatic granules in the cells
of the walls of the small vessels. After injection of peptone
solution the metachromic granules in the cells in the area of
the intima of the vessels disappeared. Rovatti (’51b) also
claimed that the injection of hyaluronidase into experimen-
tal animals which previously had been prepared with heparin
led to a rapid disappearance of the metachromatic coloring
of the liver tissue and of the basophil granules of the mast
cells. The latter finding surely deserves further investiga-
tion.

Compton (’52), in a study which dealt largely with the mast
cells of the hamster, pointed out that the distribution of mast
cells within the hamster does not support their supposed
function as ‘‘heparinocytes.”” He emphasized the faet that
the metachromasia indicates that they contain a compound
with high molecular weight and an acidic function, but that
this compound has not yet been proven to be heparin. His
experiments with hyaluronidase caused him to conclude that
the hamster mast cell granules do not include hyaluronic acid.

Since some of the results of the present investigation ap-
peared in abstract (Sundberg, Schaar, Powell and Denhoer
’53), Martin and Roka (’53) have reported the isolation of %;
substa.nce which inhibits coagnlation from the leukocytes of
a patient with ‘“mast cell leukemia.”” The substance was
“h.eat stable, acid-fast and water-soluble and inhibited coaeu-
1{1’(101_1 possibly by opposing thrombokinase. Tts bioloeieal :;nd
1)}1}'31co:ellelnical properties are the same of those of hoeparin ”
G fq?ubhshed experimen.ts (Sundberg and Powell) on aqueo;as
;3.\1 ]1 act§ of leukoeytes in patients with chronie myelogenous
e o e o g B o
of o otot fron; o Ht,ﬂ]; o fm ujoagulant m the leukocytes

' as 5 em® of blood. These extracts
shox.\od some prolongation of the thrombin titration but Te
caleification brought about clot formation in 3% minutes. Th(;
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experiments of Martin and Roka are of extreme interest, and
surely further work should be done on this subject.

SUMMARY AND CONCLUSIONS

1. Wharton’s jelly of the human umbilical cord contains
numerous tissue mast cells. Fibroblasts and other connective
tissue cells containing metachromatic granules are also abun-
dant. It is postulated that the latter cells may he precursors
of or may actually be tissue mast cells. All of these cell types
have been demonstrated in dry smears and sections of the
umbilical cord.

2. The staining reaction of the mast granules in dry
smears of Wharton’s jelly or bone marrow was not altered
by hyaluronidase.

3. Aqueous or saline extracts of the umbilical cord and of
the placenta have anticoagulant activity. The concentration
of sodium chloride in the saline extracts was found to be
sufficiently great to inhibit coagulation, and, therefore, the
results obtained with the saline extracts are not considered
valid.

4. Preliminary experiments with hyaluronidase suggest
that it does not destroy the anticoagulant.

5. Initial specific tests on the aqueous extract of one of the
cords suggested that the anticoagulant was an antithrombin.
Later tests on the aqueous extracts of one cord and two pla-
centae showed no significant antithrombic effect, and coagu-
lation occurred promptly after the addition of calcium. The
latter results suggest that clotting was probably inhibited by
the binding of caleium, hut we have no explanation for the
initial finding of an antithrombic substance. The initial anti-
thrombic substance was not, however, neutralized with dilu-

tim}s of protamine that were adequate to neutralize equally
antithrombice solutions of heparin.
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PLATE 1
EXPLANATION OF FIGURES
All figuwies are photomicrographs of cells from dry smear preparations of
Wharton’s jelly from human umbilieal cord.
1 Three tissue mast cells X 250. Wright’s stain.
3]

Tissue mast cell X 1400. Stained with toluidine blue.

3 Tissue mast cell X 1400 with metachromatic granules which vary remark-
ably in size. Wright's stain.

4 Two connective tissue cells X 1200 with relatively abundant eytoplasm show-

ing metachromatic granules of varying sizes and shapes and some vacunolization
of the cytoplasm. Possible mast cells. Wright’s stain.

5 Three cells similar to those in figure 4 X 750. Wright’s stain.
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PLATE 2
SUNDBERG. SCHAAR, POWELL AND DENBOER

Photomicrographs of section preparations of Wharton’s jelly from human umbilieal eord.

Fixative — 89, basie lead acetate. Stain — toluidine blue.

6 Scction of Wharton’s jelly from umbilieal cord X 250. The small black structures art
tissue mast cells.

-

7 Tissue mast cell X 1250. This cell contains several vacuoles and 8 or 9 barely visible

granules. This cell ean be located just above the central portion of the field in figure 6.

8 Tissue mast cell X 1250. The light area is nucleus. Granules can be seen in the sur-
rounding cytoplasm and in the eytoplasm overlying the nucleus.

9 Tissue mast cell X 1400. The light area is nuecleus. Granules of varying sizes are
clearly visible in the surrounding eytoplasm.
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INTRODUCTION

The morphology of the pulmonary alveolar walls, where
the respiratory capillaries and the air spaces are juxtaposed,
has heen a subjeét of scientific controversy since the work of
Reisseisen (1808), Elenz (1864), and Koelliker (1881). Reis-
seisen helieved that the air cells were merely blind extremi-
ties of as many bronchial tubes lined by ordinary mucous
membrane. Elenz and Koelliker maintained that a continu-
ous membrane lined the alveolar wall, separating the capil-
lary endothelium from the air spaces. These investigators
further maintained that the membrane was composed of nu-
cleated epithelial cells and large, non-nucleated plaques. Ear-
lier workers, Addison (1841) and Williams (1855), held simi-
lar views. Koelliker’s deseription however was universally
accepled, essentially ending all investigation of the alveolar
membrane. His illustrations were frequently reproduced and
his authority was sufficient to silence doubters until Miller
(’32) reopened the issue.

'.I‘hQ thesis of an alveolar membrane composed of nucleated
epithelial cells and large non-nucleated plaques is supported
by such recent investigators as Bensley and Bensley (’35)
Macklin (*36) and Miller (’32). Low (’52) maintains that thc
nl‘\'eoli are lined by attenuated epithelial cytoplasm but de-
mes'ﬂ)e existenee of non-nucleated plagues. Supporﬁng the
thesis that the respiratory capillaries are bare except for

a7
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supporting reticular fibers and connective tissue ground sub-
stanece are Loosli, Adams and Thornton (’49) and Potter and
Loosli (’51).

A limiting factor preventing a final settlement of alveolar
morphology by earlier investigators is the insufficient resolv-
ing power of the light microscope. The tissue covering the
respiratory capillaries is so sparse that its visualization is
accomplished only at the limit of the resolving power of the
light microscope. The purpose of this paper is to analyze the
alveolar membrane aided by the greater resolving power and
magnification of the electron microscope. In this study it was
necessary only to utilize the Jower limits of the electron mi-
croscope’s magnification. Recourse to the practical maximum
magnification employed by virologists and ultra-morphologists
is unnecessary and unrewarding.

MATERIALS AND METHODS

Normal healthy adult female white rat lungs were used for
this study. The animals were anesthetized with ether. Work-
ing as rapidly as possible while the heart was still beating,
perfusion was performed through the right ventricle, first
with physiological saline solution and then with 1% osmic acid
buffered by veronal acetate at a pH ranging from 7.5 to 8.0
(Palade, ’52). The lungs and heart were removed en bloc. The
lungs were inspected grossly for any manifestations of pul-
monary pathology. Tissue slices not exceeding 1 mm square
were excised from those lung areas which were most dark-
ened by the perfusate. These sections were then immersed 8
hours in the same fixative. The tissues were washed over-
night in running tap water, dehydrated for one hour by pas-
sage through the aleohol series and embedded in n-butyl metha-
erylate in no. 4 gelatin capsules by heating at 45°C. overnight.
The embed.ding material was catalyzed with 2-4-Dichloroben-
zoyl.Peroxlde and was prepolymerized to a viscous state by
?ii&:ll:g']?l']t«\vo to 4 hours at 45°C. before introduction of the

ssue. lmbedded tissues were eut on an International Minot
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Rotary Microtome using a glass knife set for 1/20 u (Latta
and Hartmann, ’49).

FEfforts were made to cut tissues as close to .05 u as pos-
«ible. Sections were mounted on formvar coated nickel grids
for study and photographing on an RCA EMU model electron
microsecope.

RESULTS

Every section examined shows the existence of tissue cov-
ering the respiratory capillaries. The interalveolar septa are
seen to contain two types of cells, viz., endothelial cells (figs.
1, 3, 4, 5, 6) and epithelioid cells (fig. 4), modifications of
which are designated septal cell (figs. 2, 5) (Lang, ’25).

Endothelial cells are identifiable by their oval nuclei and
their eytoplasmie processes which extend from the nuclel to
form the walls of the septal capillaries (figs. 1, 3, 5, 6). Cen-
trally, the septa are composed of a homogeneous material
containing scattered particles of high electron density to-
gether with fine electron dense lines of varying length. The
septal wall ranges from 1.9 u to 10.2 p in width, with an aver-
age thickness of 4.8 p.

The septal wall material has the appearance of a reticu-
lum and seems to serve as a supporting framework for the
capillaries. Septal material is seen extending over the capil-
laries, intervening between their walls and the alveolar spaces
(figs. 2, 3, 7). In some instances this substance forms a dis-
grete membrane lining the alveoli (figs. 1, 5, 6). In other places
it appears to be so thin and closely adherent to the capillary
walls that unless one examines the electron micrographs criti-
et with e alvestor sy (hon 53,y gy At con

i _ s (figs. 2, 3, 7). If one traces the
apptﬂren.tly naked capillary, a measurable thickness of endo-
thelial tissue is soon found where it turns toward the interior

of ﬂu? septum (figs. 3, 5), becoming separated from itg fine
covering ‘““membrane.”” Kvery section show

vering s at some noi
his Intimate rel poms

ationship of the endothelial cytoplasm and

the membrane-like structure covering it. The transition i
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gradual and reaches its maximum thickness as it approaches
the nucleus (fig. 1). In a number of illustrations there is a
variable amount of intercellular substance between the endo-
thelium and the alveolar space (figs. 5, 7). This intercellu-
lar material does not resemble the cytoplasm of the endo-
thelial eell, but in the electron micrograph is seen to contain
discrete, fine-lined fibrillar material.

Septal cells are sparse compared to the number of endothe-
lial cells. They are seen as large irregularly-shaped cells
which lie in intimate association with the septal stroma. The
septal cell cytoplasm is vacuolated and may occupy the en-
tire width of the alveolar wall projecting into adjacent alveo-
lar spaces (fig. 5).

Occasional sections studied show free macrophages in the
alveoli (fig. 8). Morphologically, these macrophages resem-
ble septal cells. However, the macrophages contain a large
amount of intracytoplasmic electron-dense material.

The endothelial cell is observed in certain areas to separate
from the alveolar wall (fig. 1). This physical separation may
be due to artifact or to chance. The duality of membranes
formed by the separation (fig. 1) serves to illustrate the at-
tenuation of the endothelial cytoplasm. This eytoplasm is
drawn out in a fine thin line with stromal material separating
it from the air space (fig. 6). But in no case were we able
to observe that the cytoplasm of the endothelial cell faced
directly on the air space. The alveolar septal material inter-
venes between the air spaces and the eapillary endothelium.

DISCUSSION

Special efforts were made in this investigation to study and
photograph only those alveolar walls of smallest diameter.
Those parts of the bronchial tree which are higher up and
of relatively wider diameter are known to contain a distinet
epithelial layer. Concentration on or selective study of these
larger sections of the bronchial apparatus can lead to the in-
terpretation of a distinet alveolar epithelium. It is clear that
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some material intervenes between the air space and the capil-
lary. The evidence presented in this paper indicates that this
material is a continuation of the alveolar septal stroma. No
evidence for the presence of a continunous cytoplasmic at-
tenuation of an epithelial cell as deseribed by Low (752)
was found.

Downgrowth of epithelial cells to cover the interalveolar
septa can occur in certain pathological conditions. However,
no valid evidence can be offered in support of its normal oc-
currence. Such cellular downgrowth is suggested as the
mechanism of the marked epitheliation of alveoli observed
in jaagsiekte, a disease of sheep, and found by Bonne (’39)
and Bell (’43) to occur in man. The pathogenesis of certain
alveolar cell tumors is explained also as a rapid and irregu-
lar downgrowth of bronchial epithelium. Grady and Stewart
(°40) produced alveolar carcinomas in strain A mice by sub-
cutancous injections of methylcholanthrene. Whether these
tumors had thelr origin in the alveolus or whether they rep-
resent ‘‘downgrowths’’ is not known, but it is hazardous to
reason from the abnormal to the normal. The genesis of alveo-
lar epithelium as a result of certain pathodynamiec factors does
not establish proof of its normal existence.

The central stroma does not resemble either the endothe-
lial or the epithelial cytoplasm. Instead this stroma is com-
pf)sed of ground substance often containing fibrillar mate-
rial, which is seen in the electron mierograph as a parallel
series of fine electron-dense lines (figs. 2, 3, 5, 7). This strue-
ture is consistent in appearance with the reticulum observed
by Loo:sli and associates (’49) in silver-stained preparations.
The thickness of this material is extremely variable and ir-
regular when scen in section.

If the material which intervenes between the alveolar spaces
and sepia} capillaries is a continuation of the central str
the que‘shm may be raised as to why this material
ihe‘eaplllary gives, in certain situations, the appearan
a diserete membrane similar to the capillary wall. Tt
he postulated that the membrane-like appeara

oma,
aeing
ce of
might
ance results from
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pressure and inflationary factors which are operative through-
out life in the postnatal lung.

There is no evidence in our study to suggest that the septal
cells are phagocytic. The free macrophages which resem-
ble septal cells are seen to contain a large amount of electron-
dense intracellular material. This material may be particu-
late and it is quite likely that these cells have a phagocytic
function. Leucocytes (figs. 2, 7) and erythrocytes (fig. 3) have
an appearance in the electron micrograph very similar to their

appearance under the light microscope and are readily iden-
tifiable.

SUMMARY AND CONCLUSIONS

1. Sections of rat lung were studied by standard proce-
dures under the electron microscope.

2. There is septal material intervening between the capil-
lary and pulmonary alveolus.

3. Hvidence for the existence of a continuous epithelial lin-
ing between the alveolus and capillary is lacking.

4. Tvidence for the existence of non-nucleated plaques is
lacking.

5. Other alveolar cells are described.
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PLATES

Abbreviations

ALYV, pulmonary alveolus

ADQC, alveolar dust cell

END, nucleus of endothelial cell
E, erythrocyte

EP, epithelioid cell

G, nickel grid
L, leucocyte
S, septal cell
St, stroma

CAP, capillary
Bar on electron micrograph is equivalent to 1 .

PLATE 1

EXPLANATION OF FIGURES

Section through alveolus showing endothelial nucleus separated from alveolar
lining. Note cytoplasmic attenuation of endothelial cell. 4500 X.

Section showing septal cell. Note alveolar lining on both sides of eapillary.
7800 X.
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PLATE 2

EXPLANATION OF FIGURES

Alveolar lining appears as extension or continuation of stroma situated be-
tween eapillaries. 6900 X.

Seetion through two capillaries. Epithelioid eell is obvious, but evidence for
cytoplasmic attenuation is lacking. 4500 X.
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PLATE 2

EXPLANATION OF FIGURES

Alveolar lining appears as estension or continuation of stroma situated be-
tween capillaries. 6900 X.

Section through two eapillaries. Epithelioid eell is obvious, but evidence for
cytoplasmic attenuation is lacking. 4500 X.
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PLATE 3

EXPLANATION OF FIGURES

5 Secection demonstrating septal cell and two eapillaries, each showing endothe-
lial nueleus. 5300 X.

6 Capillary showing blood cells and endothelial nucleus. 6600 X.
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PLATE 4

EXPLANATICN OF PIGURES

7 Note interposition of stroma between capillary and alveolar space. 11,500 X.

8 Section showing alveolar dust cell free in pulmonary alveolus. Alveolar wall
structures are considerably distorted. 4500 X.
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THE DEVELOPMENT OF THE CEREBELLUM
OF THE PIG

0. LARSELL
Department of Anatomy, University of Minnesota

TWENTY-THREE FIGURES

The writer recently has described in some detail the de-
veloping and the adult cerebellum of the white rat in compari-
son with the organs in birds (’52). The similarity of the
fundamental pattern of the vermis is striking. Because the
rat’s cerebellum represents a rather generalized type of the
organ, as it oceurs in mammals, it is desirable for comparison,
to present the principal results of a study of a more specialized
type. The pig was selected because its cerebellum shows many
variations from the generalized pattern, and because embryos
are easily available.

In order to make feasible the study of closely graded stages
and of many specimens of each stage, the method of dissection,
rather than of reconstruction of models, was employed. Em-
bryos fixed in 10% formalin or in Bouin’s fluid were placed
in 70% alcohol for several days and then were transferred to
80% alcohol until needed. After lightly surface-staining the
cerchellar region with carmine the pia mater was carefully
removed under the dissecting microscope, the exposed brain
surface then being lightly stained. The developing fissures and
other features were clearly revealed by this procedure. En-
larged photographic prints of individual cerebella then were
(:{31111){1{1:&1 \\'ifh the corresponding original specimen, under the
(1SS g y ] i :
and051;11;]]1(1)111(?(1y2icc;1)e :'1t 'ma‘gmﬁcatlons of 6 to 24 cha?}eters,

graphs were retouched, as needed, {o bring out
more strongly the fissures and other features. Tigures 13-20
73
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reproduce such enlarged and retouched photographs. Draw-
ings of earlier stages similarly prepared but more difficult to
photograph were made by tracing outlines and fissures with
the aid of the camera lucida and shading as needed.

Midsagittal sections were made with a safety razor blade
and likewise surface-stained with carmine. The two halves of
each cerebellum so sectioned thus were available for com-
parison with the lobules and fissures shown in the sagittal
sections. Serial sections, stained by the usual methods, were
available for comparison with many of the stages dissected.
For some of the later stages, in which the vermian lobules and
fissures are complex, the midsagittal sections of these series
rather than the dissected specimens were used for illustra-
tions, but only after close comparison with the dissections.
Shrinkage and distortion, in most cases, were greater in the
paraffine embedded and serially sectioned cerebella than in
those prepared by dissection.

This investigation was begun at the University of Oregon
Medical School, where I was assisted in its earlier phases by
Dr. Arthur G. Denker and Dr. Leonard B. Hanson. .

DESCRIPTIVE

The pig embryo of 12 mm length shows a commissure in the
roof of the 4th ventricle immediately caudal to the midbrain
but situated in the metencephalic division of the embryonic
brain. At this stage fusion of the bilateral halves of the cere-
bellum has begun, rostrally, along this commissure. On the
external surface of the cerebellum a furrow, extending from
the lateral wall of the medulla oblongata to the midplane of
the fused region of the cerebellum, divides the organ into two
bilaterally represented portions, the beginnings of the
flocculonodular lobe and the corpus cerebelli (fig. 1). The
furrow is the posterolateral fissure which is the first to appear
in the mammalian embryo as in other vertebrates. Bradley
(’03) who designated it fissure IV, recognized it as the first
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to appear in the pig and the rabbit, and also that it is assocl-
ated with the rhombice lip.

The flocculonodular lobe is continuous with the vestibular
and the cochlear regions of the medulla oblongata. Dorsal to
the entrance of the roots of the VIIIth nerve the rhombie lip
expands into a dorsoventrally broad area. This expanded part
was designated the pontobulbar hody in bat and opossum em-
hryos deseribed by the author (’35, ’36) but it is not at all clear
that it corresponds to the pontobulbar body as defined by
Essick (°07). It does, however, correspond to the external or
inferior fold of the auricle of hirds and lower vertebrates.
Golgi and Cajal preparations of the corresponding fold of
fetal and young rats show that the ascending rami of cochlear
nerve fibers terminate in it, so that it represents the tuber-
culum acusticum. As the rhombie lip turns upward and medi-
ally from this inferior fold it projects laterally to a slight de-
gree at the 12mm stage, giving the first indication of the
flocculus. A shallow groove delimits it, on each side, from the
corpus cerebelli. This groove, corresponding to the para-
auricular sulecus of lower vertebrates, becomes continuous
around the lateral and posterior borders of the cerebellum with
the corresponding furrow of the opposite side, the resulting
furrow constituting the posterolateral fissure.: In dissected
specimens, lightly stained with carmine, the boundary hetween
the germinal zone and the flocenlonodular lobe ean be seen by
reason of the darker coloring of the germinal zone, owing to its
content of closely arranged cells. In early stages the getl"minal
zone 1s small, but it expands in subsequent development of the
elmbryo (figs. 3-7). The choroid tela attaches to its candal hor-

~ \ ined by the usual histologic methods.

Flocculonodular lobe

While 'fhe flocenlus is recognizable in the 12 mm embryo the
nodulus is not distinguishable from the ten] ‘

us i al margin unti
approximately the 50 mm stage, when a cort 1 I

ical swelling be-
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gins to form immediately behind and beneath the postero-
lateral fissure. The germinative zone in the tenial margin
enlarges, its closely packed cells giving it a very different
aspect from the looser structure of the incipient nodulus.
‘When first recognizable the latter is a bilateral structure
which, however, soon fuses across the midplane into a single
vermian mass, as in the human embryo (’47) and in birds (’48).

In the 54 mm pig fetus the flocculus forms an expanded lat-
eral swelling of the flocculonodular lobe (fig. 3) from which
tapers medially a continuation with the nodulus. In the 62 mm
fetus the flocculonodular lobe, posterolateral fissure, and
acoustic tubercle are prominent (fig. 4). With caudal expan-
sion of the corpus cerebelli, in subsequent stages, the nodulus
is crowded ventrally and rostrally into the 4th ventricle, and
becomes hidden from view. The connecting band between
nodulus and floceculus is gradually attenuated into a slender
peduncle which lies parallel to the peduncle of the ventral
paraflocculus.

Lobule X, the nodulus, together with the germinative zone,
forms a triangular lobule, as seen in sagittal section, the
downward directed apex of which is continuous with the pos-
terior medullary velum. The posterior surface curves forward
into the posterolateral fissure, and only this surface is under-
laid by early cortex. By the 90 mm stage (fig. 7 A) the poste-
rior surface has expanded so that it bulges caundally, deepen-
ing the posterolateral fissure above it and forming a shallow
furrow below, approximately at the dorsal border of the ger-
minative zone. This appears to be the furrow called sulcus
taeniae by Hochstetter (’29) in the human embryonic cere-
bellom, the posterolateral fissure being called the fissura
anonyma by this investigator. Continued expansion of the
posterior portion of the nodulus forces its ventricular surface
forward, the entire mass of the nodulus gradually encroach-
ing on the ventricular space that in earlier stages forms a
large-based triangle in sagittal section. The germinative zone
and the attached posterior medullary velum take off from its
anterior surface, the germinative zone tapering caudally to a
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tenia. By the 118 mm stage two furrows divide the posterior
surface into three folia. A furrow on the ventral surface ap-
pears in fetuses of about 160 mm, dividing this surface into
two folia (fig. 9). In early stages the lateral connection of
nodulus with flocculus is massive, but gradually a more and
more attenuated floccular stalk is formed, to the posterior
margin of which the posterior medullary velum is attached.
The floccular stalk is delimited from the stalk of the ventral
paraflocculus by a narrow furrow, barely discernible in the
later stages of the pig’s cercbellum, but its developmental his-
tory and its relations elearly show this to be the posterolateral
fissure. The flocculus continues laterally and rostrally beneath
the ventral paraflocculus to the rostral border of the cere-

bellum. By the 170 mm stage of the fetus it shows two to three
folia.

Corpus cerebelld

The corpus cerebelli of the 12 mm pig embryo forms an up-
ward expansion of the remainder of the metencephalic portion
of the alar plate. The two sides have begun to fuse rostrally,
as already stated, but at this stage the midplane region, al-
though including cells in addition to commissural fibers, is
relatively thin. Lateroventrally the walls thicken and serial
sections show that they include a relatively thick mantle layer
of loosely arranged cells outside the germinal layer lining the
ventricle. The ventricular surface of the cerebellum shows no
boundaries between corpus cerebelli and floceulonodular lobe.
It forms a rounded dome, continuouns caudally with the choroid
tela, but the margin of the cerebellum is clearly differentiated
from the thin tela. The rostral part of the corpus cerebelli has
a thicker wall, on either side of the midplane, than the more
lateral and caundal portions. As viewed from the lateral aspect
the cerebellar plate arches upward from the rostral end of
the medulla oblongata. A strand of fibers from the trigeminal
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By the 20mm stage the corpus cerebelli has thickened
oreatly and the medial fusion above the ventricle has extended
caudally (fig. 2). There still remains, however, a deep ros-
trally directed noteh bordered by the dorsomedial continua-
tion of the flocculonodular lobe. The posterolateral fissure,
tuberculum acusticum, and cerebellar tract of the trigeminus

ABBREVIATIONS

I, vermian lobule I

II, vermian lobule IT

IIT, vermian lobule III

IITA, ventral sublobule of lobule III

IIIB, dorsal sublobule of lobule IIT

IV, vermian lobule IV, the ventral
lobule of culmen

V, vermian lobule V, the dorsal lobule
of culmen

V1, vermian lobule VI, the declive

VII, vermian lobule VII, the folium
and tuber vermis lobule

VIIA, anterior sublobule of lobule VII

VIIB, posterior sublobule of Ilobule
VII, the posterior tuber vermis

VIIT, vermian lobule VIII, the pyra-
mis

IX, vermian lobule IX, the uvula

X, vermian lobule X, the nodulus

a and other small letters of alphabet
indicate folia of respective ver-
mian lobules labelled by Roman
numbers

br. po., brachium pontis

bu. po. ext., bulbopontine extension

¢c. ¢b., corpus cerebelli

er. I, erus 1

er. IL, erus II

f. apm., ansoparamedian fissure

f.ic. 1, intracentral fissure 1

f.1ie. 2, intracentral fissure 2

f.icul. 1, intraculminate fissure 1

f.icul. 2, intraculminate fissure 2

f.in. er,, intercrural fissure

f. pc., preculminate fissure

f. p. 1, posterolateral fissure

f. ppd., prepyramidal fissure

f. ppd. b., bottom of prepyramidal fis-
sure

f. ppd., pm., posterior margin of pre-
pyramidal fissure

f. pr., fissura prima

f. pre., precentral fissure

f. p.s., posterior superior fissure

f. sec., fissura secunda

fl., floceulus

gn. V, semilunar ganglion

g. z., germinative zone

isth., isthmus

1. ans., ansiform lobule

L. ant., anterior lobe of corpus cerebelli

1. pmd., paramedian lobule

1. sim., lobulus simplex

med. obl., medulla oblongata

mes., midbrain

nod., nodulus

N.V, root of trigeminal nerve

N. VIT, root of facial nerve

N. VIII, root of acoustic nerve

pil. ac., accessory paraflocculus

pil. d., dorsal paraflocculus

pfl. v., ventral paraflocculus

plL ch., choroid plexus

Po., pons

p. pfl. v., peduncle of ventral parafloe-
culus

de. 1, deelival fissure 1

de. 2, declival fissure 2

s. uv. 1, uvular suleus 1

tu. ae., tuberculum acusticum

v.m. a., anterior medullary velum

v.m. p., posterior medullary velum

v. 4, fourth ventricle

X, copular suleus
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are well shown at this stage. Subsequent development con-
sists, for a considerable period, chiefly of growth in volume of
the corpus cerebelli and completion of the arch above the 4th
ventricle, the midplane region becoming massive. The corpus
cerebelli broadens so as to project laterally well beyond the
margins of the medulla oblongata, the lateral portions arch-
ing downward on each side. As seen in lateral view at the 54

med.ob),
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mm stage (fig. 3) the corpus cerebelli has a pear-shaped con-
tour, bordered caudally by the flocculonodular lobe, the floc-
cular portion of the latter continuing into the -tuberculum
acusticum. The increased volume of the corpus cerebelli re-
sults in upward arching, giving a rounded contour to its ex-
ternal surface. The ventricular surface forms a fastigial
peak in the midplane but is more rounded heneath the lateral
portions of the corpus cerebelli. In specimens surface-stained

NVl e e
N Vil —47"

bu.po. ext.

Fig. 8 Lateral view of cerebellum, pons and bulbopontine extension of 54 mm
pig embryo. Camera lucida, X 12.

with carmine the margin of the incipient cortex stands in con-
trast to the lighter staining dorsolateral surface of the me-
dulla oblongata. There is as yet no sign of fissure formation
in the corpus cerebelli. By the 54 mm stage the bulbopontine
extension, representing migratory cells from the dorsal col-
umn of the medulla. oblongata, has appeared (fig. 3). The pons,
which is the terminus of the migrating cells, has begun to de-
velop, forming a small swelling on the ventral surface of the
rostral part of the medulla oblongata.

At the 62 mm stage the fissura prima has appeared as a
short furrow about midway between the anterior and the pos-
terior margins of the corpus cerebelli (fig. 5). It crosses the
midplane, extending a short distance on each side. The in-
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cipient cortex immediately beneath the fissure 18 somewhat
thickened and folds downward. The floceulus has expanded
laterally and rostrally and a constriction has appeared be-
tween the flocculus and the tuberculum acusticum. The latter

Fig. 4 Lateral view of cerebellum and adjacent structures of 62 mm pig fetus.
Camera lucida, X 12.

_ v.m.p.
Fig. 5 Sagittal section of eerebellum of 62 mm pig fetus. Camera lucida, X 24
) .

Is a broad, flattened shield, tapering caudomedially into tl
tenia (fig. 4). The bulbopontine extension and they 0 . 1'6
more p‘rominent than in the 54 mm stage. A strandpfnfsﬂ al'e
oxien(.hng from the pons toward the cerebellum, b to et
reac]l{llg the latter, is shown. This is an earl ’ tu0' "ot e
brachium pontis. The lateroventral margin ofytl?eagei'e(;)feﬁhe
: ar
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cortex extends from the ventral margin of the paraflocenlus to
the anterior medullary velum.

At the 66 mm stage the pons has enlarged, but the bulbo-
pontine extension appears relatively smaller than in previous
stages. The brachium pontis band has reached the cerebellum,
which it enters beneath the ventral margin of the incipient
cortex. The corpus cerebelli appears nearly smooth save for
the fissura prima. In sagittal section, however, the posterior
lobe shows the first indication of the fissura secunda, the fis-
sura prepyramidalis and the ansoparamedian fissure of Jansen

Fig. 6 Sagittal section of cerebellum of 66 mm pig fetus. Camera lucida, X 24.

(fig. 6). It is difficult to determine whether the fissura secunda
appears before the prepyramidal fissure, but the various stages
examined so suggest. Both precede the ansoparamedian fis-
sure. In the rat the latter is small or absent in the vermis and
the posterior superior fissure follows the prepyramidal in
sequence of appearance. The declival region of the pig, how-
ever, is much more retarded in its development than is the
part of the vermis between the prepyramidal and ansopara-
median fissures. Sagittal sections of the anterior lobe show
three shallow furrows, with thickening of the underlying cor-
tex. These are the preculminate, intraculminate 1, and intra-
central 1 fissures, the latter delimiting incipient lobule IT from-
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lobule TTL. In recent papers on the rat, cat and monkey cere-
bellum (52, '53) the corresponding fissure 1s shown as e¥ea1‘1y
delimiting lobule IT from lobule I11. Subsequent studies of
the human cerebellum, embryonic and adult, and of. that of the
anthiropoid apes now in preparation for publication, clearly
show that the precentral or prelingual fissure of human
anatomy usually includes the fissure under consideration. .

Bolk (’06), Riley (’29), and others have based the vermian
lobules on the medullary rays leading to subdivisions of the
cortex in the adult mammalian cerebellum. The cortical sub-
divisions, however, appear long before rays can be recognized.
The fibers leading to and from the cortex remain diffuse for
some time after the fissures appear. Only as the lobules be-
come elongated and constricted basally with continual expan-
sion of the cortex and formation of secondary and tertiary
folds, do the fibers become aggregated info bands. In sections
these appear as radiating branches of the central medullary
mass. While the pattern of these rays is similar in each species,
it nevertheless varies. There is a much greafer variation from
species to species; this has led to much confusion in the inter-
pretation of the vermian lobules. These lobules vary in size
with their functional importance in different species, as is true
of other parts of the nervous system. The fiber bands leading
to them hecome arranged in a pattern that varies in different
species according to the growth stresses imposed upon them
by differences in the amount of cortical expansion. As a result
several lobular divisions of the cortex may be connected with
the main medullary mass by a single basal extension of the
latter, the branches to the individual lobules being given off at
some distance from the medullary body.

In the 90 mm fetus (fig. 7 A) all of the vermian lobules are
delimited by shallow furrows across the midplane, save that
lobules T and IT still form a common cortical fold. The fissura
prima has hecome prominent, the corpus cerebelli now

learly divided i . being
clearly divided into anterior and posterior lobes,
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Fig. 7 Cercbellum of 90 mm pig fetus. Camera lucida, X 16. A. Sagittal se¢-
tion by dissection. B. Anterior view of right half.
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Anterior lobe of corpus cerebelli

Lobules I 4 I, I1I, IV and V are well marked off medially
by their delimiting fissures at 90 mm (fig. 7) but only the fis-
sura prima extends laterally to the hemispheral margin. The
preculminate fissure has a vermian and a hemispheral segment
at this stage in the specimen illustrated in figure 7 B. In other

o o "
—— -~

/ =5
¢+ fde2 fdel)

Fig. 8§ Midsagittal section of cer i
p H ; ebellum from sagittal i i
embryo. Projection apparatus, X 14. i series of 150mm pig

fetuses of about the same size it 1s continuous, and in still
o'rhelzs the hemispheral segment appears directed ’toward 1 i 1
culminate fissure 1. There is considerable variatio o 1']3]1'
secondary foliation of lobules III and IV at this anril . bt y
(glfletxiltesttage.sl,l lolt)ule ZIII sometimes having three folia ii:tesaeci
'wo illustrated in figure 7 A.
may have no secondary cor?ical folds }1? tiljadQJOii:isfel? blu1e o
In the cerebellum of the 150 mm fetus, illustrated in aflicrfltfegg.
o b
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the two folia of lobule I1I have developed into laminae IT1a and
IITh.

As the cortex burgeons outward the fissures deepen and also
extend laterally toward the cerebellar margin. The latter
hecomes hidden from surface view by overlapping growth. In
a fetus of 173 mm the precentral, preculminate, and intracul-
minate 1 fissures, i.e., those delimiting lobules III, IV and V,
are continuous from the margin of one side to the other (fig.

\
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Fig. 9 Midsagittal section of cerebellum from sagittal series of brain of 170 mm
pig fetus. Projection apparatus, X 10%.

10), as is the fissure between lobule I and lobule IT. The latter
lobules have hecome differentiated from the common ventro-
rostral cortical fold by the 150 mm stage (fig. 8). The intra-
lobular fissures do not reach the hemispheral margin, most of
them being represented only in the vermis (fig. 10). This con-
tinues true in the three-month-old pig, save for intraculminate
fissure 2, which reaches the lateral margin of the hemisphere.

At the 173 mm stage the vermian lobules of the anterior lobe
have assumed their adult pattern. Lobules I and II may be
regarded as having no lateral representation, althongh lobule
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11 at this stage shows a narrow lateral fold suggestive of the
vinenlum. In the three-month-old pig this fold has been carried
ventrally with the keel-like main portion of the lobule.

Lobule 1T, at the 150 mm and 170 mm stages, shows well
differentiated laminae ITTa and IIIb already noted. Lobule IV
in the 150 mm specimen illustrated in figure 8 has a medullary
yay in common with lobule V. Lamina IVd is small in this
specimen. In the later stage (fig. 9) what is regarded as the
corresponding lamina is much larger, but it is attached directly

fpr.
{f.icul.2

Fig. 10 Anterior view of cerebellum of 173 mm pig fetus. Camera lucida, X 5
¢ ]

to the cenfral medullary mass, appearing morve closely related
to lobule IIT than to lobule IV. In the three-month-old pie
Yobule ITT comprises two large divisions that may he 1'e0'arcllela?l
as sublobples (figs. 21, 23). The stages cited illustr;te ﬂc
great variation of pattern found in lobules IIT and IV, Iu y
are probably functionally related. ( ) hiel
m{:ﬁ‘(})l?; IF- extends somewhat heyond the lateral border of
o ( 1%;. 10). Lehules IV and V are well represented on
o ,«] rio surfn(:’e of the hemisphere by broad folia that

respond, collectively, to the anterior semilunar lobule of
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the human cerebellum. They are larger in the three-month-old
pig and spread farther laterally, but their pattern is un-
changed. In lobule V laminae a, b + ¢, d, ¢ and f, correspond-
ing to those similarly designated in the monkey and the cat
(’53), are recognizable at the 150 mm stage. In the young pig
they have enlarged to such an extent that lobule V, in sagittal
section, is the most extensive of the vermian lobules (fig. 23).

Posterior lobe of corpus cerebells

The posterior superior fissure is not represented in the ver-
mis until the 90 mm stage (figs. 7 and 14). The rostral part of ,
the rapidly expanding hemisphere soon begins to-fold, form-
ing a groove which is the lateral segment of this fissure. The
two segments conjoin by about the 95 mm stage, although
there is much variation in different specimens. In the 125 mm
specimen illustrated in figure 17, lobule VI and its lateral con-
tinuation are completely delimited from sublobule VITA and
the ansiform lobule, which is the hemispheral continuation of
the latter. The band of cortex rostral to the posterior superior
fissure corresponds to the lobulus simplex of Bolk. The ver-
mian part is the declive of human anatomy, while the lateral
part corresponds to the posterior semilunar lobule of the
buman cerebellum. Before the posterior superior fissure
reaches the hemisphere, laterally, a furrow has appeared ros-
tral to it, in the declive, representing declival sulcus 1. In the
pig embryo the rostral portion of the declive is tilted forward
into the outer part of the fissura prima. A shallow furrow,
declival sulcus 2, is visible in sagittal section of the cerebellum
at about the 118 mm stage of the fetus. The declival portion
of lobule VI thus is divided into folia VIa, VIb and Vle, as in
the rat (figs. 8, 9). In the 150 mm and later stages laminae
VId, VIe and VIf are distinet in the posterior wall of the fis-
sura prima; they resemble the corresponding cortical folds in
cat and monkey.

Following the differentiation of lobules VI and VII from
each other by the posterior superior fissure, lobule VII and its
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laterally connected lobules begin to grow rapidly. In the rat
lobule VII remains rather simple, frequently showing no sign,
medially, of the ansoparamedian fissure; when present this
fissure is but a shallow furrow in the vermian region. In the
pig, however, lobule VII is broad, rostrocandally, and already
is divided into two parts by the ansoparamedian fissure in the
90 mm fetus (figs. 7 A, 14). These parts represent the begin-
ning of sublobules VIIA and VIIB. There is as yet no sug-
gestion of lateral displacement of any segment of the vermis.
Save for the enlargement and subdivision of lobule VII, minor
variations in the other lobules, and the retarded differentiation

Fig. 11 Dorsal view of cerebellum of 143 mm pig fetus. Camera lucida, X 5
s .

i'rom.each other of lobules I and TT, the vermis of the pig fetus
at this stage of development is essentially similar to that of
the rat 4 to 5 days after birth (cf. ’52, figs. 18, 25 29). In the
110 mm pig fetus the vermian part of the ans:)pare.lmedian

fissure is deep and also has joined its hemispheral seement
Sub.lobu]e VIIA now is clearly continuous laterallyA “?ith ths.
ansiform lobule, and VIIB with the paramedian lobule (fig. 16 ;
Sublobule VIIB becomes divided by a shallow sulctb.' t) .
fwo sm.'face folia by the 140 mm stage‘(ﬁg. 18). Shallo ; Hll :
cxten(hng into its posterior surface from the pre W Sl'ldm,
fissure, divide this surface into three main folia Atpgli an’él ]?1
140 mm stage oceurs the first indication of displ'aeemén?:u(ﬁtvse
gs.
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11, 18) of this sublobule toward the right hand side of the cere-
bellum as a rule, but sometimes to the left. In a fetus of 150
mm this displacement is well advanced. It is accompanied by
displacement of sublobule VIIA toward the opposite side.
The ansoparamedian fissure between the two has become a
broad cleft on the left side of the vermis by the 150 mm stage
(fig. 19) extending beneath the caudal folia of VIIA, which
form a plate above the fissure at this stage. The floor of the
paramedian fissure shows no indication of folia at the 150 mm
stage, but there is a thin layer of cortex extending over most
of it, between the vermian and the lateral extensions of sub-
lobules VITA and VIIB. In a fetus of 163 mm, however, nar-
row folia connect VITA with erus I and erus I, but VIIB is still
connected with the paramedian lobule, laterally, only by a thin
sheet of cortical substance, as judged from the staining reac-
tion with carmine. Between this sheet and the folium connect-
ing sublobule VIIA with crus II a narrow zone, which is
unstained, represents the ansoparamedian fissure as it crosses
the hollow of the paramedian fissure.

In further growth of the cerebellum the superficial portions
of sublobules VITA and VIIB are displaced farther to the left
and the right, respectively. Their deep portions become flat-
tened stalks of attachment to the common cerebellar mass
which is served by a single primary medullary ray that also
serves lobule VI, as well as the foliated cortex on the posterior
wall of the deep portion of the fissure prima (figs. 8, 9, 23).
Beginning at about the 110 mm stage of the fetus, sublobules
VIIA and VIIB appear to be more distinet from each other
than VIIA is from lobule VI. Their developmental history,
when compared with that in the rat and other mammals, shows
that they are derived from a common primary vermian seg-
ment.

Lobule VIIT can be recognized in surface view by the 80 mm
stage. The prepyramidal fissure, which delimits it rostrally,
is present in the vermian region. In sagittal section of a 66 mm
fetus this fissure is a shallow groove (fig. 6). By the 90 mm
stage it has deepened considerably (fig. 7 A) and it reaches
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almost to the median portion of the paramedian lobule, whose
outswelling has extended favther medially, as also bas the
parafloccular fissure caudal to the paramedian lobule. A nar-
row zone of cortex, however, crosses obliquely from the pyra-
mis to the paramedian lobule between the ends of the two fis-
sures (fig. 14). In the 140 mm fetus this connection has become
reduced to a narrow strip, shown on the left side in figure 18,
but on the right of this specimen it was hidden in the depths
of the prepyramidal fissure which extended to the parafloccular
fissure. A connection on the right side is shown in figure 20
(170 mm fetus). This conection between pyramis and para-
median lobule will be considered further in the description of
the later development of the paramedian lobule.

The lateral displacement of sublobule VIIB draws with it the
pyramis. At first only the upper folia are involved, but gradu-
ally the lower folia of the pyramis and also the upper folia of
lobule IX, the uvula, are drawn toward the right hand side.
The result is the sinnous posterior part of the vermis of the
pig. A similar form is found in many species. It is more
S-shaped in the cat, horse, ox and many other carnivores and
ungulates, and less so in the sheep and a number of other
animals, as is shown also in the fignres of Bolk (’06) and Riley
(’29): It is important to recognize that this S form of the
vermis caudal to the posterior superior fissure in the pig re-
sults from the greaj; enlargement of lobulus VII, and that the
ﬁlrst or more anterior segment is formed by sublobule VIIA,
1112 fl' ;J;:l‘[\;llx;tu‘ber lolimle; th(.z second segment by sublobule VIIB,

sterior tuber; the third segment represents lobule VIII

the pyramis; and the 4th or inferior segment is formed b’
lo.hule IX, the uvula. Lobules VIIT and IX are only slighﬂzr
et e it e i o v o e o
at, ich VIIB and VIIT show the greatest

displacement. In the three-month-old pig lobule IX has re
turned to a medial position (fig. 22). )
In sagittal section lobule VIIT is relativels

contrallv 3 ¥ narrow, dorso-
ventrally, in fetal stages subsequent to the onset of the, lateral
[e

displacement of the adjacent parts as deseribed. This is true
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also in the adult pig as compared with adult stages in many
other species. At the 150 mm stage of the pig fetus the lobule
is divided into two superficial folia, designated VIlla and
VIIIb, by a shallow furrow, the intrapyramidal sulcus. The
two folia subfoliate and the sulcus deepens, but in the adult pig
and in other speecies with a sinuous ‘‘posterior vermis’’ the
sulcus does not attain the relative depth found in species with-
out lateral displacement of adjacent vermian parts. The cor-
tical surface of the pyramis, however, is not necessarily re-
duced in proportion to the dorsoventral measurement of the
lobule. The displacement laterally toward the posterior fuber
segment increases the upper and lower surfaces of the pyramis
in the sinuous types of vermis as compared with the type rep-
resented in the rat, man and many other species. The principal
lateral connection of lobule VI, the pyramis, is with the dorsal
paraflocculus, as will be described in greater detail in another
section. The bridge of cortex between the ends of the pre-
pyramidal and parafloccular fissures in early stages, however,
also gives it a connection with the paramedian lobule (figs.
18, 20).

Lobule IX, the uvula, is delimited above by the fissura
secunda, already described. By the 140 mm stage it is divided
by uvular suleus 1 and uvular suleus 2 into folia IXa, IXb and
IXe. Folia IXa and IXe already show secondary foliations.
These are illustrated in the 150 mm and 170 mm fetuses (figs.
8 and 9). Laterally the lobule extends into the ventral para-
flocculus.

The lobulus simplex. The vermian portion of the lobulus
simplex, lobule VT, has been deseribed. The hemispheral swell-
ing lateral and caudal to the fissura prima is delimited, in the
80 mm fetus, by a furrow which on the basis of its subsequent
development clearly is the ansoparamedian fissure. At this
stage there is no indication of fissuration in this swelling but
in its vermian continuation the beginning of the posterior
superior fissure is apparent in sagittal section at the 90 mm
stage. In the 125 mm fetus the posterior superior fissure is
evident laterally as a continuation of the vermian furrow



CEREBELLUM OF PIG 93

(fig. 17). The lateral segment of this fissure di\fides the rostral
portion of the hemisphere into an anterior region, correspond-
ing to the lateral part of Bolk’s lobulus simplex, and a poste-
yior region, the ansiform lobule of Bolk. ‘

Tn the earlier stages the lateral portion of the lobulus sim-
plex is relatively large and it projects rostrally as an OVOt_Ld
swelling, on the upper surface of which a furrow 1s pre.se.n’? in
the 125 mm stage. This extends laterally and medially, joining
declival suleus 1, so that 2 broad folia result. They are continu-
ous with each other around the lateral end of the suleus. In
subsequent growth of the cerebellum the lateral portion of the
lobulus simplex beecomes veduced in size relative to adjacent
lohules, but the declival portion becomes prominent; this part
of the cerebellum in the adult pig is wnusually large and pro-
jects rostrally over the fissura prima so that the extfernal
margins of this fissure are hidden from surface view.

The ansiform lobule is delimited from the lateral portion of
the lobulus simplex by the lateral continnation of the posterior
superior fissure sometime between the 110 mm and the 125 mm
stages. By the latter stage three secondary folds on the left
side and two on the right have appeared in the specimen illus-
trated in figure 17 as already noted. The furrow between the
two folia on the right side of the figure, and between the more
rostral and middle folia on the left side, is the intererural
sulcus delimiting erus I from crus IL. It almost meets its
vermian representation in lobule VIIA at this stage. At the
?40 mm .'stagQ continuity has been established (fig. 18), but this
IS] transifory on the right side of the cerebellum. The dis-

lace 1 .y

s igmeid Form, strtehes and thine Fhe ot o o
medi:?n furrow ’r,o‘euch an (;xtenf iths’c ﬁ e ex‘ n the para-
disappoars b (his hreo-io(n- i{s ot 1at the 1111te1€;1-111'al sulcus
ments ]10\\"0\'01' dec )(;1 \\'i’ﬂ or e?tllllnagl limd: lemls.phera.l soe-
Iohule,s e 1(; md1 0 I\ tz;0\\'1'00 the respective ad;]ac.ent
of two 11'1:1';)\ . f( 1 | 1 1.1 e Lomm fetus erus I consists
the oo arr v foha and crus II- of a broader single folium,

alter disappearing medially in the broad paramedi

he latte n an far-
row (fig. 19). By the 170 mm stage three folia

are shown in
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crus II. In the three-month-old pig the ansiform lobule con-
tinues medially into a mass of medullary substance upon which
the folia of lobule VI and sublobule VITA are superposed with-
out continuity of cortex from the vermian to the hemispheral
folia in either case. The ansoparamedian and posterior su-
perior fissures come together as a common fissure for a short
stretch but separate laterally, the latter delimiting crus I
from the lobulus simplex, and the former delimiting the ansi-
form and paramedian lobules, as alveady described. In the
adult pig there are 6 to 8 folia in each crus of the ansiform
lobule.

Paramedian lobule. The incipient paramedian lobule is
already apparent in the 80 mm pig fetus, being delimited ros-
trally by the lateral portion of the ansoparamedian fissure and
caudally by the parafloccular fissure. By the 110 mm stage the
medial portion of the ansoparamedian fissure has joined the
lateral portion on each side so that a fissure, continnous from
one lateral surface of the cerebellum to the other, has resulted
(fig. 16). The cortical elevations posterior to it are the n-
cipient paramedian lobules, on each side, and sublobule VIIB,
the posterior tuber, medially. The prepyramidal fissure, de-
limiting the latter from the pyramis posteriorly, ends before
reaching the base of the triangle representing the paramedian
lobule. The pyramis and the posterior tuber, accordingly, ob-
viously are continuous with the paramedian lobule (figs. 13-
17). In later stages this continuity of the pyramis is not so
clear but it persists as a slender connection. The fissure be-
tween the paramedian lobule and the paraflocculus, on either
side, is the parafloccular fissure. The cortical zone between the
medial portion of this furow and the lateral portion of the
prepyramidal fissure is regarded as corresponding to the
laterally tapering continnation of lobule VIITI in the rat, which
develops into the posterior portion of the paramedian lobule.
In the pig, as in the rat, this lobule also consists of an anterior
portion, represented medially by sublobule VIIB, and a pos-
terior portion, related medially to lobule VIII. The early
prominence of the ansoparamedian fissure in the pig appears
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to be due, medially, to the large size attained by sub}obtlle
VIIA, and laterally to the prominence and dorsal position of
the rostral portion of the paramedian lobule.

The vermian segment of the prepyramidal fissure does not
join the parafloceular fissure until about the 150 mm stage.
Prior to this stage lobule VIII continues laterally with the
paramedian lobule across the gap between the two fissures;
it also continues directly into the dorsal paraflocculus (figs.
19, 20). As sublobule VIIB and lobule VIII expand and the
prepyramidal fissure deepens, the vermian part of this corti-
cal bridge to the paramedian lobule is drawn downward into
the fissure. Laterally it is attenuated into a narrow band of
cortex which expands distally to form the caudal folium of
the paramedian lobule. As in the rat lobule VIIT is thus con-
tinued laterally into the paramedian lobule, forming the pos-
terior portion of the latter.

As late as the 95 mm stage (fig. 15) there is a similar bridge
of connection between sublobule VIIB, medially, and the in-
cipient paramedian lobule laterally. This forms a gap be-
tween the vermian and the hemispheral parts of the ansopara-
median fissure. This gap has closed in the 110 mm stage and,
on one side, in the 125 mm fetus illustrated in figure 17. The
ansoparamedian fissure thus becomes continuous for a time,
but the portion crossing the paramedian furrow disappears as
the cortex thins with lateral displacement of the hemisphere.
VIR anlgs which by the 130 mm. ~teme b bevoane o

) ¥ ) ge has become strongly
displaced to the right (figs. 19 and 20).

‘ As the medial and lateral portions of the ansoparamedian
hssu.re jom at the 110 mm stage sublobule VIIB and the para-
nzedmn lobule become completely delimited rostrally from
211! )i;thl;({lq?;i a;lsif(gél}t.lobutle. The paran}edian‘ lobule in its
VIT4, is ;):o;’dh]} caonnle::(’z:d zlelc‘;?ﬂﬁmm'e' o ith, sublobule
§ aaly ally with lobule VIIT. The
parafloceular {iss.ure gradually extends medially as the lobule
TG e T 1 S i bl
AN gs. and 18); sometimes, as in
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figures 18 (right side) and 19, this is hidden in the depths of
a furrow that as early as the 140 mm stage often connects the
prepyramidal and parafloccular fissures. By a lateral con-
tinuation of this connection from the folia in the rostral and
deeper portion of the prepyramidal fissure the posterior part
of the paramedian lobule is formed. The anterior part of the
paramedian lobule continues medially with the posterior tuber

Fig. 12 Dorsal view of cerebellum of 170 mm pig fetus, in which the walls of
the prepyramidal fissure are spread apart to show the deep folia and their con-

tinuity with dorsal paraflocculus and paramedian lobule, and the left ansiform
lobule is retracted. X 74i.

which foliates in the meantime ; by the 170 mm stage three folia
are present (fig. 20). At the 170 mm stage the paramedian
lobule shows 6 folia, the posterior three connected medially
with lobule VIIT or with folia on its anterior wall in the fioor
of the prepyramidal fissure. This connection is illustrated in
figure 12, representing a dissection in which the prepyramidal
fissure was spread open as widely as possible to reveal the
lateral continuations of folia forming its anterior and poste-
rior walls. Tt will be noted that the folia of the deep portion of
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the posterior wall pass into a rostrocaudally directed folium
on either side. This continues rostrally to the base of sub-
lobule VIIA, and then turns sharply laterally and caundally as
a stalk to the posterior portion of the paramedian lobule.
There also is continuity of medullary substance from between
the floor of the prepyramidal fissure and from the deep rostral
portion of lobule VIIT, to the paramedian lobule beneath fis-
sure o which separates the stalk of the paramedian Jobule from
the folium that gives rise to it. Fissure @ appears to corre-
spond to the copular suleus of the rat. In the specimen illus-
trated the portion of the stalk of the dorsal paraflocculus which
is covered by cortex is attached to the caudal end of this longi-
tudinal folinm. In another specimen, not illustrated, in which
the three posterior folia of sublobule VIIB were dissected
away, continuity is shown from the pyramis base to the stalk
of the posterior paramedian lobule and also to the stalk of the
dorsal parafiocculus. Medullary substance extends between the
parafloceular stalk and the pyramis below the fissure desig-
nated ». A thin layer of cortex also continues laterally from
the pyramis to the stalk of the dorsal parafloceulus, and ros-
trally into cortex stretched between sublobule VIIB and the
rostral portion of the paramedian lobule.

As sublobule VIIB becomes displaced farther and farther
to the right, with increase in size of the cerebellum, the folia
from the walls of the prepyramidal fissure are exposed at the
lateral border of this fissure, which here is spread apart. The
stages of this feature of development are most readily under-
stood by reference to figures 18, 19 and 20, in which successive
stages of foliation from the originally unfolded cortex of this
region are illustrz.lted. On the left side of these cerebella some
of the corresponding folia may be seen by tilting the cerebellum
St"OIIg]}' to the right, a procedure which also brings to view
illl?icﬁ?lég;ﬂ?:uzhii]taonienor \\'.all of the prepyramidal fissure,

. an 'unfohated sheet of cortex that passes

laterally into the anterior paramedian lobule.
01‘] :({,'pnji(éfz;;t]l;u ];L‘hﬁi \].ZbU]? and i’fS. relations to adja?ent parts
' ave proved difficult of analysis. Elliot
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Smith (’02) who applied the name now universally used in the
mammalian cerebellum, included it and the flocculus in his
floccular lobe. Bolk (’06) included it in his formatio vermicu-
laris, of which the ‘‘pars floceularis’’ was considered a
subdivision. In 1934 I pointed out the differences in basiec mor-
phological relationships between the flocculus and the para-
flocculus, and the incorrectness of including the latter under
the term floccular lobe. Subsequently (’37) I introduced the
term flocculonodular lobe to avoid confusion with Illiot
Smith’s use of the term ‘‘floccular lobe’’ and my definition,
which would limit the lobe to floceulus and nodulus, i.e., to the
primarily vestibular part of the cerebellum. While the para-
floceulus has sinece been widely recognized as belonging to the
corpus cerebelli its relations to the vermian lobules and its
homologies with subdivisions of the human cerebellum have
remained obsecure, save for the analysis of Scholten (’46) in
adult mammals. The interpretations of this author, which I
regard as correct in most respects, are corroborated and fur-
ther elucidated by the results of a comparative study of the
development of the paraflocculus and related parts of the cere-
bellum in embryos of several mammalian species, including the
pig; only the latter will be described in the present contri-
bution.

It is evident from figure 17 that the paraflocculus is divided
very early, as already mnoted, into dorsal and ventral limbs.
This is brought about by the confluence of the furrow which
appears on the lateral surface of the paraflocculus with the
earlier formed medial segment of the fissura secunda. Stages
of confluence of these segments of the fissura secunda are
illustrated in figures 15-17. The completed fissure corresponds
to sulcus d of Bradley and is regarded as the definitive fissura
secunda. It entirely delimits pyramis and dorsal paraflocculus
from the uvula and ventral paraflocculus; around the end of
the fissure, however, the two limbs of the paraflocculus merge.
These features were clearly deseribed by Bradley (’03, ’04).
In the 125 mm fetus both limbs are attached to their vermian
lobules (VIII and IX respectively) by a massive stalk (fig. 17)-
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At this stage the distal portion of the dorsal paraﬂ()f:cu.lus has
begun to foliate. In the 140 mm fetus (fig. 18) foliation has
extended caudomedially along both stalks, but in the ventral
parafloceulus it extends only to the approximate level at which
the flocculus begins to expand laterorostrally. Medialward
from this point the ventral paraflocculus tapers into a narrow
peduncle that again expands as it approaches lobule IX, which
it joins (figs. 15 and 16). The narrow portion of the peduncle
is embedded in a sheet-like lateral continuation of the posterior
medullary velum. The foliated portion of the ventral para-
flocculus corresponds to the uncus of the paraflocenlus of the
adult pig and many other mammals. The most posterior folium
enlarges more than the others and is regarded as correspond-
ing to the accessory paraflocculus of Jansen (’50). There are
indications that its fibers continue medially into the inferior
folia of the uvula, suggesting that it may correspond to the
avian paraflocculus. The stalk of the dorsal parafloceulus is
foliated nearly all the way to its attachment fo the pyramis in
the 170 mm fetus. In the three-month-old pig, cortex is con-
tinuous hetween parafloceculus and all the folia of lobule VIII
with which it conneets (fig. 22). As already noted, the para-
floccular peduncle is also continuous with the stalk of the pos-
terior part of the paramedian lobule.

SUMMARY

The cerebellum of the pig differs so widely from those of
the rat ('52), cat and monkey (°53) that a detailed account
of its development is presented to establish homologies of its
fissures and lobules. The lobules are based on the divisions
of the cortex by the earliest furrows, rather than on the me.
dullary rays. The latter are condensations, as the cerebellum
develops, of diffuse fibers and are not recognizable until long
after the primary cortical folds are well established -

Vermian lobule T is small and differentiate :

in the pig. Lobule II is delimited from lobul
laler stages, by

s relatively late
es I and IIT, in
deep fissures. Lobule IIT is divided into sub-

lobules TITA and IIIB. Lobule IV is prominent and distinet
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Lobule V is large and shows surface laminae Va, Vb, and Ve,
corresponding to those in cat and monkey. Lobule VI is nar-
row in the sagittal plane owing to the small size of laminae
VIa, VIb, and VIe, but its laminae in the posterior wall of the
fissura prima give it an extensive cortical surface. Lobule VII
is divided by a deep ansoparamedian fissure into sublobules
VIIA and VIIB; these become strongly displaced, usually to
the left and right respectively, producing a sinuous posterior
part of the vermis. The displacement is more marked and in-
volves sublobule VITA much more than in the cat; lobule VIII,
which is rather small, on the other hand is much less displaced
in the pig. Lobule IX is large, and lobule X is small.

The hemispheral relations of the vermian lobules corre-
spond, in general, to those of the rat, cat, and monkey. Lobule
I is confined to the vermis. The anterior folium of lobule II
extends into the rostral part of the paramedian furrow, as do
the folia of lobule III. The latter collectively correspond to
the alae lobuli centralis of man, in much reduced form. Lobule
IV extends onto the anterior surface of the hemisphere as a
broad folium. The lateral continuation of lobule V forms a
large proportion of the anterior cerebellar surface; together
with the lateral extension of lobule IV it corresponds to the
anterior semilunar lobule of the human cerebellum. Lobule VI
and its hemispheral continuation correspond to the lobulus
simplex of Bolk; the hemispheral part is homologous with the
human posterior semilunar lobule. Sublobule VIIA, the folium
tuber vermis lobule, continues into the ansiform lobule; the
latter is subdivided into crus I and crus II, each of which is
further subdivided, but not so distinctly as in cat and monkey.
Respectively they correspond to the superior and inferior
semilunar lobules of man. Sublobule VIIB continues into the
ansiform lobule and into the anterior part of the paramedian
lobule. Folia in the deep part of the prepyramidal fissure are
continuous with the posterior part of the paramedian lobule
and with the dorsal paraflocculus. The latter is also continuous
medially with lobule VIITI, the pyramis. The ventral parafloc-
culus is continuous, through its peduncle, with lobule IX, the



CEREBELLUM OF PIG 101

wvula. The fissura secanda delimits dorsal and ventral para-
foceuli from each other throughout their extent, but they are
continuous around the rostrolateral extremities of this fissure.
The floceulus is continuous by its peduncle with lobule X, the
nodulus, the two parts constituting the flocculonodular lobe.
This is differentiated very early.

The folia and laminae in the walls of the prinecipal fissures,
as well as those of the cerebellar surface, have patterns similar
to those in the cat and monkey cerebellum in corresponding
locations. They are designated by letters of the alphabet cor-

responding to those used in the deseriptions of the eervebellum
of these animals.

LITERATURE CITED

BorLk, L. 1906 Das Cerebellum der Siugetiere. Haarlem, De Erven F. Bohn;

Jena, Gustav Fischer.
BrapLEY, O. C. 1903 On the development and homology of the mammalian fis-
sures. Part II. Pig. J. Anat. and Physiol,, n.s., 17: 221-240.
1904 The mammalian cerebellum: its lobes and fissures. Part I.

J. Anat. and Physiol,, n.s., 18: 448-475.

Essicx, C. R, 1907 The corpus pontobulbare — a hitherto undeseribed nueclear

mass in the human hind brain. Am. J. Anat., 7 119-130.
HocHsTETTER, F. 1829 DBeitriige zur Entwicklungsgeschichte des menschlichen
Gehirns. II. Teil, (3) Schiusslieferung. Die Entwicklung des Mittel
und Rautenhirns. Wien und Leipzig, Frans Dueticke.
JANgEX, Jax 1950 The morphogenesis of the cetacean cerebellum. J. Comp.

Neur., 93; 341-400.

LarseLt, 0. 1934 Alorphogenesis and evolution of the cerebellum, Arch. Neur.

and Psychiat., $1: 373~395,
1935 The development and morphology of the cerebellum in the
opossum. Part I. Early development. J. Comp. Neur., 63: 65-94,
—— 1936 Cercbellum and corpus pontobulbare of the bat (Myotis). J
Comp. Neur., 64: 275-302. .

1937 The cerebellum: A review and interpretation. Arch. Neur. and
pens Ll corebel . . an
syehiat., 88 580-607.

—————— e

1847 The development of the cerebellum in man in relation {o its
comparative anatomy, J. Comp. Neur., 87 85~130.

—————— 188 The development and subdivisions of tl
: e cerebell i
J. Comp. Neur., 87 : 123-190. i of birds.

1952 The morphogenesis and adult pattern of the lobules and fis-

sures of the cerebellum of the white rat. J. Comp. Neur., 97 : 281--356
- .’ . e’ »

————— 1933 The cerchellum of the eat and tl :
nos 1 ¢ ' A the monkey. J. Comp. Neur,,

Pt Tt
N .
PR

-

S L | IR
. q. 13- S50y

R
Y

..........



102 0. LARSELL

Riey, H. A. 1929 The mammalian cerebellum. A comparative study of the
arbor vitae and folial pattern. Res. Publ. Assn., nerve. ment. Dis,, 6:
37-192.

ScHOLTEN, J. M. 1946 De plaats van den paraflocculus in het geheel der cere-
bellaire correlaties. Dissertation. Amsterdam.

SamiTH, G. Eruior 1903 The morphology of the human cerebellum. Rev. Neur.
and Psychiat., 1: 629-639.

PLATE 1
EXPLANATION OF FIGURES
13 Dorsal view of cerebellum of 80 mm pig fetus. Enlarged and retouched
photograph, as explained in text.

14 Dorsal view of cerebellum of 90 mm pig fetus. Enlarged and retouched
photograph.

15 Dorsal view of cerebellum of 95 mm pig fetus. Enlarged and retouched
photograph.

16 Dorsal view of cerebellum of 110 mm pig fetus. Enlarged and retouched
photograph.

17 Dorsal view of cerebellum of 125 mm pig fetus. Enlarged and retouched
photograph.

18 Dorsal view of cerebellum of 140 mm pig fetus. Enlarged and retouched
photograph,
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PLATE 2

EXPLANATION OF FIGURES

Dorsolateral view of cerebellum of 150 mm pig fetus. Enlarged and retouched
photograph.

Dorsolateral view of cerebellum of 170 mm pig fetus. Enlarged and retouched -
photograph.
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PLATE 3
EXPLANATION OF FIGURES
Anterior view of cerebellum of pig, age three months. Retouched photograph
of dissection, surface-stained with earmine.

Posterior view of cerebellum of pig, age three months. In this specimen sub-
lobule VIIB was displaced to the left. Retouched photograph of dissection,
surface-stained with carmine.

Sagittal section of eerebellum of pig, age three months. In this specimen s_ub-
lobule VIIB was displaced to the right. Retouched photograph of dissection.
lightly surface-stained with carmine.
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which lived until near term, after having heen subjected to
castration prior to the appearance of prostatic buds and
coagulating glands. A preliminary report of the observations
was presented at the Providence meeting of the American
Association of Anatomists (Wells, Cavanaugh and Maxwell,
’52).

MATERTIALS AND METHODS

In rats of the Sprague-Dawley strain, 113 pregnancies were
timed by witnessing the mating. Forty-five yielded a closely
graded series of control fetuses. Sixty-eight were used in
the experiments on castration; a number of them also served
as sources of control fetuses which were taken at the time
of the operation.

At operation a gravid female was anesthetized with ether,
and the uterus exposed by opening the peritoneal cavity at
the linea alba. Kach fetus to he castrated was brought into
view by incising the uterus and fetal membranes, and was
then delivered into the peritoneal cavity of the mother in
such manner that the placental circulation remained intact
(‘‘extrauterinized fetus’’). On each side of the fetal body
an oblique inguinal incision was made, the testis removed
and the wound closed by means of interrupted sutures of
silk; for additional details of the method, two earlier papers
may be examined (Wells, *50a; Wells and Fralick, ’51, Method
2). In each of 4 cases a pellet of testosterone propionate
(Perandren), weighing about 1.0 mg, was implanted under
the fetal skin. In all cases the treated fetus, still attached to
the uterus by the placenta and umbilical cord, was allowed
to remain in the maternal peritoneal cavity. In each of three
cases the fetus was covered, however, by means of a tent
created by stitching a thin sheet of cellulose acetate to the
uterine wall (artificial uterus). Similarly, in each of 4 cases,
the fetus was covered by a tent which was fashioned out of
a thin sheet of rubber and stitched to the uterine wall. When
all steps of the fetal surgery were completed, the maternal
wound was closed hy suturing and the etherization stopped.
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The experiments were terminated by killing the mothers.
This was done near term and usually when the fetuses had
attained the age of 21 days and 15 hours. It was found that
14 of the castrated fetuses were alive and quite active and
that the ‘‘artificial uteri’’ had not increased the percentage
of survival. The survival was as follows. Of two fetuses
castrated at the age of about 193 days, both were alive (litter-
mates). Of 61 castrated at ages of 18d +4-2hup to 18d 4161,
12 were living. Of 15 castrated at 17d 4~ 21h to 18d + 1h,
none was alive.

Tn conducting the autopsy of an individual litter, a living
castrated fetus and an unoperated male were taken by sever-
ance of the umbilical cords. They were promptly weighed
and then killed. The reproductive tracts were fixed n situ
in Bouin’s solution, and sectioned transversely in perfect
series at 10 u. The sections were mounted on microscope
slides and stained with hematoxylin and eosin.

With the aid of microscopes, data were ohtained from the
stained sections. The length of the Miillerian duects and/or
prostatic utricle was determined by simple caleulation (num-
ber of transverse sections X thickness of section), on the
assumption that they were straight vertical structures, which,
of course, they were not; nevertheless the data wounld seem
to have comparative value. Such data were not obtained in
the case of the fetuses of group C (table 2) since the repro-
duetive tracts had been sectioned in the frontal, rather than
the. transverse, plane. In 20 fetuses the counting of the pros-
tatic buds was facilitated by making transparent models of
‘;zjltl gg‘(;;sia‘c)ifo}x1;3(«zgllzzltimd out‘f,growtl‘ls. The m‘odels were pre-
n'ceiate \\'itz{l inks of vari lor 4 by ot Of' collnlose

. <8 arious colors and by stacking these
sl.\oets. The models were abnormally short in vertical dimen-
: ¢ ; therately omitted. The models

were, however, accurate in two dimensions and in the number
of prosiatic buds shown.
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Fig. 1 Conventionalized diagrams of the genital ducts and derivatives in control
fetuses (A to G) and experimental fetuses (H and I). At the age of 18d -+ 21 ﬂ;‘f
prevailing pattern was like that illustrated in drawing C (12 of the 14 fetuses). On¥

one of the castrated fetuses showed a ‘‘V’’ at the upper end of the prostatic utricle
(drawing H).
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TERMINOLOGY

The coagulating glands, most easily defined by reference
to the adult rat, are those paired parts of the prostatic com-
plex which are topographically associated with the seminal
vesicles and which release into the urethra a substance that
coagulates ejaculated semen to produce the ‘‘vaginal plug”’
Moore, ’39, fig. 26). The prostatic utricle (uterus masculinus),
homologue of the vagina in the female and derived from the
Miillerian ducts, is present in the newborn male. The Mul-
lerian tubercle in a fetus is that hillock in the urogenital sinus
which receives the Miillerian ducts and Wolffian ducts (fig.
1 A) and which persists after birth as a mound (colliculus
seminalis) on the urethral erest. The balano-preputial lamella
i1s a solid plate of epithelium from which the epithelium of
the glans penis and that of the inner surface of the prepuce
develop (insert in fig. 17).

OBSERVATIONS

In preview it should be noted that in 6 of the 14 castrated
fetuses to he considered the operation was performed at
developmental stages younger than 18d + 11h (table 2). In
almost all of the control males under 18d 4 11h, the epi-
thelial huds of the prostate and the epithelium of the coagu-
lating glands had not yet appeared (table 1); the oblique

and horizontal portions of the Miillerian ducts were still
present (fig. 1 C, see text).

Control males

Prostate. In controls younger than 18 d <+ 11 h, there was
only one instance in which a prostatic bud was found This
structure, noted in a fetus of 18d + 4h, appeared in‘ onl
three of the 10 sections. It was situated in a region comy
parable {o the one indicated by the arrow in ﬁo-urbe 13. T )
10‘ and including the stage of 18d -+ 14 b, the lal?crest nu.mb P
of buds in an individual male was 6. Such buds ;ere s neI:
and shorter than those illustrated in figure 16. nater



TABLE 1
Observations in 83 control fetuses?

COAGU-

" PREPUTIAL MULL. DUCTS + PROS;I'é\IT{O \??é\;g:’%g LATING PR‘O;Z’I[‘;;'T‘IC
FETUSES D‘\\’Sl\f”’OU“S BODY W m{ﬁg{"gm ' Ro??l‘i;}(‘:i?xlrcm“ Ur;l:zx 1)‘\17 2 EPITHRLIUM 3 EP(I;'TE;\I}P{E?{IM BPITIIRLIUM
m o I
2 16 ! ’ A 0 0
2 16 4 12 D 0 0
2 16 4 16 D 0 0
3 17 + 10 700 vV (2) 0 0
1 17 + 12 .880 D 0 0
1 17 4 14 716 v 0 0
1 17 4 18 1.035 v 0 0
1 17 + 20 1.087 v 0 0
1 17 + 21 985 v 0 0
1 17 + 23 ) 0 0
3 18 V(@) 0 0
1 18 41 980 \% 0 0
14 18 4+ 2 1050 102 X 82 V (13) 0 0
13 1843 940 107 X 89 v 0 0
7 18 + 4 880 102 X 84 v 0 1t
5 1845 1.257 (1) 890 111 X 82 v 0 0
3 18 4 7 1.274 (2) 720 127 X 73 v 0 0
1 18 + 11 1.650 458 860 116 X 78 v 0 4
2 18 12 1.434 429 (1) 1040 104 X 81 v 0 3t
2 18 413 1.590 660 126 X 70 v 0 41
2 18 - 14 1.631 458 (1) 930 112 X 77 v 0 6
1 19 + 12 2.453 420 139 X 109 v + <20
1 19 -+ 14 2.487 415 480 153 X 95 v + < 20
13 21 + 15 5.003 40 (12) 258 (12) 83 X 77 Vef + 61 (6)

' Numbers in parentheses indieate the number of eases.

* RT, vight-left dinmeter; DV, dorsal-ventral diameter.

T A, nbsent (Wolffian duets not dilated at sites of future vesicles); D, dilatation of Wolffian duets at sites of future vesicles;
V, vesicular outgrowths; Vef, vesicles each with a ‘“eranial floxure’’ (flexure illustrated in fig. 1).

' Actual number in one ease (not an average number) ; no huds in the other eases.
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In fetuses so young that the prostatic buds had not yet
appeared, it was not possible to identify any well defined
boundaries of the future prostate. Controls of 18d + 2h
and older showed, however, in the region surrounding the
epithelium of the future prostatic urethra, a relatively thick
area of densely packed cells which must have originated from
mesenchyme (fig. 13). That most of these cells are eventually
used in forming the non-parenchymal component of the pros-
tate (stroma, etc.), was suggested by the minute anatomy
of the developing prostate in older fetuses (figs. 16 and 14).

The prostatic buds in fetuses of 21d + 15h were numer-
ous. Distally, some of them had distinet branches (fig. 2).
The longest buds were those of the ventral series.

Coagulating glands. The coagulating glands were observed
in 15 of the controls (19d + 12h to 21d + 15h). They
consisted of two components, inner and outer. The inner
component, a solid core of epithelium, had originated from
the dorsal aspect of the embryonic prostatic urethra (figs. 6
and 2). The outer component was a thick investment of
densely packed cells of mesenchymal origin.

The question arose as to whether the primordia of the
coagulating glands might exist, in advance of epithelial out-
growths, in the form of clusters of densely packed cells (e.g.,
primordia of the outer component of the glands). A positive
answer was suggested by the fact that two cellular condensa-
fions were observed in each of the two fetuses of 18d 4 14 h
and that they were situated in the region of the future coacu-
lating glands, or near it. Also, they had undoubtedly 01‘i°0‘i-
;lcit‘;e((lni")t'9mtm]esenchyme. Incidentally, they were smaller aid

.Ik“ i;{::(:} qt;ﬁllntjleo‘seﬂl?mrll\;dlby the arrows 111.ﬁg111‘e 1.
tfo be nm'ADz‘lil.'ed cgllzﬂ'u?ac](l) 1d ( _*t- o 15 'thvere id mot scem
e oy bred o f{ltul-el ¢ gfl::all?ls .111‘\\113‘5 was regarded

Smninut; vesicles Vesimﬂ'lr(oblrt:'mg glands (fg. 5).

sicles. ¢ growths from the Wolffan
dl‘ICfS were regularly present in fetuses killed at an
{ present paper. A

age of
be given
t21d 4 15, the
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original cranial end of each vesicle had a flexure which passed
medially and inferiorly (‘‘cranial flexure,”’ fig. 1 G).

Bulbourethral glands. The primordia of the bulbourethral
glands were not yet present in controls of 16 d to 16d 4 16 h.
Kither the primordia or the developing glands themselves
were observed in all males of 17d + 10h to 21d ~+ 15h.

Miillerian ducts and prostatic utricle. The normal retro-
gression of the Miillerian ducts in the male was already in
progress in controls of 18d 4+ 2h to 18 d ++ 14 h. The pattern
usually observed in such fetuses is illustrated in figure 1C.
The stages shown in figures 1 D and 1 E were rarely seen
These observations suggested that in the castrated fetuses
to be considered all, or almost all, of the vertical portions of
the Miillerian ducts had already dropped out before the time
of the operation.

In the prevailing pattern depicted in figure 1 C, the pros-
tatic utricle had a lumen. At the Miillerian tubercle, the
utricle ended by opening bilaterally into the urogenital sinus
(embryonic prostatic urethra, fig. 13).

The prostatic utricle was present at 21d 4 15h (figs. 1G,
1C and 14). Inferiorly, below the level of section shown in
figure 10, the utricle usually had a small lumen which forked
and then opened hilaterally into the urethra.

Penile urethra and preputial fremulum. In the fetuses of
18d 4 2h to 19d + 14 h the distal end of the urethra was
a solid plate of epithelium situated in the developing glans
penis (urethral plate, see insert in fig. 17). Just proximal to
the urethral plate, the floor (ventral wall) of the urethra
was still missing (open urethral groove, not illustrated in
the photographs). The developing preputial frenulum was
a ventral strueture in the region where the right and left
portions of the balano-preputial lamella were separated from
each other by developing conmnective tissue. This frenulum
was broadest proximally, at the site of the open urethral

groove, and it was here that the data on the width of the
frenulum were obtained.



TABLE 2

Observations in J1 castrated fetuses

COAMULATING

MULL, s
rours FRTOSES ! o am PXPERINENTAL  whiGnr ~ JEECUTIAL - DUCTS & PROSTATIC  nunfirii  PROSTATIO
GROUES  FRTUSES DAYS + HHOURS PERIOD M v WIDTH  UTRICLE, RL X DV 2 N EPITHELIUM
AUTOPSY LENGTIH Ab-  Pres-
sent ent
hours gm “ “ n
Castrated fetuses not given androgen
51 184 6 [ 3-9] 82 [79-84] 4408 517 (4) 596 225 X 94  (4) (1) 10 [ 5-16]
A 50 5.442 37 253 81x 81 (5) 65 (3)
5l 18 4+ 13 [11-15] 75 [T4~77] 4509 406 340 135X 79 (5) 15 [ 9~20]
B 50 5.010 41 232 82 X 178 (5) 48 (1)
o % 19+ 8 61 3.178 (2) 26 [25-27]
10 3.211 (1) 55
Castrated fetuses given androgen
D 2E 18 4 7 [ 2-13] 78 [74-85) 4,114 41 500 113 X 102 (2) 60 [59-62]
2¢ 5.289 40 340 80 X 66 (2) 66 (1)

‘ . . . -
Age of the febuses at autopsy was about 21 d 4 15h. Numbers in parentheses indicate the number of cases.

brackets indicate the range. T, experimental; C, control (litter-mate).
* Rl right-left dinmeter; DV, dorsal-ventral diameter.

Numbers in

NI SHONVHD

SEHSALYI qIZINOLOEIHDOYHO

LTT



118 L. J. WELLS, M. CAVANAUGH AND E. L. MAXWELL

At 21d 4+ 15h the urethra was a continuous tube. The
urethral plate had acquired a lumen, and the earlier urethral

groove had been closed by the union of the right and left
urethral folds.

Castrated fetuses not giwen androgen
(groups A to C, table 2)

Prostatic buds. Epithelial buds of the prostate were ob-
served in each of the 12 fetuses of groups A to C. All buds
except one to 4 of the ventral series were relatively short
(fig. 3). The buds were usually unbranched. In each of three
exceptional fetuses, one of the ventral buds was beginning to
branch (see fig. 15).

Despite the fact that in a normal fetus taken from a non-
experimental litter at 18d 4 4h a single bud was already
present (table 1), the data seemed to indicate that in each
of the castrated fetuses of group A all of the prostatic buds
had appeared subsequent to the orchiectomy. To illustrate
what was found in individual litters, three fetuses of litter
941 may be used. A normal control, killed and preserved at
the beginning of the experiment, 18d + 7h, had no buds.
A second fetus, castrated at 18d 4 7h, and killed at 21d
+ 15k, had 7 buds. The third, an unoperated control killed
at 21d 4 15h, had many buds (the buds could scarcely be
counted accurately since a model was not made).

Similarly, the data indicated that in each of the castrated
fetuses of group B most of the buds had appeared after the
time of the operation. The findings in one litter, no. 932, may
be presented. A normal control, killed at the beginning of the
experiment, 18 d 4 12 h, showed three buds. A second fetus,
castrated at 18d 4 12h and killed at 21d - 15 h, showed
16 buds. The third, an unoperated control killed at 21d +
151, showed 48 buds.

The buds in the castrated fetuses of group C were longer
and more numerous than those of a normal fetus from which
figure 16 was obtained. This fact together with the tabulated
data seemed to show that any buds existing at the time of
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the operation had continued to grow during the experimen.tal
period and also that some new buds had originated during
this period.

C'oagulating glands. In vegions comparable to those where
the coagulating glands of controls were ohserved, only paired
clusters of cells of mesenchymal origin were found in 4 of
the 5 castrated fetuses of group A (fig. 7). It was problemati-
cal whether these clusters constituted primordia of the outer,
non-epithelial component of the glands.

The coagulating glands were present in 6 of the castrated
fetuses of groups A and B. The tabulated data were regarded
as ample evidence that the epithelial component of the glands
had developed after the orchiectomy.

The glands were likewise present in the fwo castrated
fetuses of group C. It was likely that these glands had al-
ready appeared at the time the operation was performed.

Miillerian ducts and prostatic utricle. The Miillerian ducts,
as such, had largely disappeared, and were mainly represented
by a large derivative, the prostatic utricle (fig. 1 H). That
retrogression of the Miillerian ducts which had occurred dur-
ing the experimental period was approximately the same in
cach castrated fetus of groups A and B; it usually proceeded
from a stage shown in figure 1 C up to that shown in figure
1H. In the castrated fetuses of group C such retrogression
had already oceurred, however, at the time of the operation,
or shortly thereafter (fig. 1 F).

The prostatic utricles of the castrated fetuses were larger
than those of the litter-mate controls of the same age (fig. 1 H,
fig. 1G and table 2). Utricles of the castrated fetuses of
group A weve the largest of all (fig. 7), even larger than those
of 1wo normal males which were killed at 194 4+ 12h and
1.‘3 d =+ 14 b, respectively. The utricles of the castrated fetuses
of groups B and C were only somewhat larger than those of
the litter-mate conirols obtained at 214 + 15 h.

The distal end of the uiricle had the shape of an inverted

Y in each castrated f efus, and, in this respeet, was normal.
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It was abnormal in each of the castrated fetuses of groups A
and B in that the lumen was missing.

Miillerian tubercle and cjaculatory ducts. The Miillerian
tubercle was usually abnormal in shape, being so flat that
in section it scarcely resembled a hillock. The ejaculafory
ducts also were usually abnormal. In each of the castrated
fetuses of groups A and B, the distal end of each duct lacked
a lumen. In 7 of these 10 fetuses the ducts were dilated,
either hilaterally (5 fetuses) or unilaterally (2 fetuses);
sometimes the corresponding seminal vesicles were also di-
lated. In each of two fetuses of group A, though, at a region
well above the Miillerian tubercle, the ejaculatory ducts and
the seminal vesicles were more or less solid structures (lumina
missing or almost missing, figs. 11 and 15).

Penile urethra and preputial frenulum. The penile urethra
was normal in one respect but abnormal in a second. It was
normal in that the urethral plate had undergone cavitation
to produce the fossa navienlaris. It was abnormal in that the
urethral groove was still open (hypospadias). The existence
of a condition of hypospadias was actually observed in only
8 of the 12 castrated fetuses (three in group A, three in B
and two in C), and was, for one reason or another, doubtful
in the other 4. This anomaly was regarded as an abnormal
persistence of an earlier normal embryonic condition. The
proximal part of the developing preputial frenulum was
usually very wide, thus reflecting the fact that the floor of
the urethra was missing in this region.

Castrated fetuses given androgen
(group D, table 2)

In each of the two-experimental fetuses of group D, 2
pellet of testosterone propionate was implanted under the
skin immediately after the testes had been removed. When
the stained sections were studied microscopically, it was found
that in each case all those effects of castration noted in the
experimental fetuses of groups A to C had been prevented;
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or largely prevented. Thus, the prostatic buds were numerous
(fig. 4 and table 2). The coagulating glands were present
(figs. 4 and 8). The ejaculatory ducts had continuous lumens,
and were not abnormally, dilated (fig. 12). The floor of the
penile nrethra was present (absence of hypospadias). The
primitive preputial frenulum was narrow (fig. 20).

The effects of eastration upon the prostatic utricle were
largely prevented. The utricles of the experimental fetuses
in group D were smaller than those of fetuses which had been
castrated for a similar period of time and which had not
been given androgen (figs. 11 and 12). The utricles weve,
however, somewhat larger than those of the unoperated litter-
mates of the same age (table 2). At the Milllerian tubercle
there was a lumen in the utricle of each fetus in gronp D;

the tubercle and associated ducts were essentially like those
illustrated in figure 14,

DISCUSSION

The genital abnormalities in the castrated fetuses included
a reduction of the number of prostatic buds, absence of the
coagulating glands, incomplete formation of the floor of the
penile urethra (hypospadias) and enlargement of the pros-
tatic utricle. The first three of these abnormalities could be
prevenied by means of testosterone propionate, and the 4th
largely prevented.

Should these observations he regarded as evidence that in
l}omml development the testicular androgen is a causative
factor in the formation of the primordia of the male acces-
sm'y.repl'oductive organs? We would answer in the neeative
despite the absence of the coagulating glands in 4 (Tf the
fust_m((;,gl fetuses and despite the prevention of this anomaly
W mplanted testoster ‘opi ; vati :
the cn}ngulntinq qlmt(c}llsonteh5111:111)lgil{:'tiil’siz:lclh* Ooservations on
halaneed un"\'n;s{ th arr tbl k Tomon S?ul’ld’ st e
f(“iul tosti:;)roduco: f::tloe::m(?]?(; (;iod?mmls}uatmn fhat the
tive answer is sm”%‘este?d 1‘)\‘ the eizi‘:tz;ocnate. - L

o \ X1 e of prostatic buds
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in castrated fetuses in which the operation had been performed
prior to the time of expectation of buds.

A second question is whether the observations should be
regarded as evidence that in normal development the testicu-
lar androgen is an important factor in the retrogression of
the Miillerian ducts in the male. We have arrived at a nega-
tive answer. All castrated fetuses of group A showed a lack
of persistence of those oblique and horizontal segments of
the right and left ducts which must have existed at the time
these fetuses were subjected to castration (fig. 1C). Also,
the enlargement of the prostatic utricle and the prevention
of this effect by testosterone propionate must be considered
in the light of what was found in the case of the ejaculatory
ducts. In most of the experimental fetuses of groups A and
B, the ejaculatory ducts were dilated. Such dilatation eould
be prevented by testosterone propionate.

Although a satisfactory explanation of the enlargement of
the prostatic utricle and of the simultaneous dilatation of
the ejaculatory duects is not apparent, clues are afforded i
the fact that distally these structures lacked lumens and that
in two instances the seminal vesicles were somewhat dilated.
It occurs to us that the utricles and ejaculatory ducts, as a
consequence of lack of patency distally, might have been ex-
panded at some time during the experimental period by an
abnormal accumulation of fluid in their cavities. If so, it is
reasonable to suppose that the testosterone propionate pre-
vented such expansion by keeping open, in some indirect
manner, the orifices of the utricles and ejaculatory ducts.

The observed hypospadias, explained embryologically as
an abnormal persistence of the embryonie urethral groove, is
undoubtedly a consequence of the orchiectomy. On the other
hand, it may not be due solely to the experimental depriva-
tion of testicular androgen. Its prevention by testosterone
propionate does not entirely rule out the possibility that some
non-specific ¢‘physiological insult”’ during the experimental
surgery might have acted as a contributing factor. Other
workers have found that hypospadias and other genital anoma-
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lies may be produced experimentally in the male.off'sprir}g
of rats by feeding the gravid female a diet deficient 1n vitamin
A (Wilson and Warkany, 48).

Our data support the view that in rats testicular androgen
is produced before birth and that it stimulates the prenatal
growth of the male accessory reproductive organs (Wells,
50h; Wells and Fralick, *51; see Maxwell and Wells, '51).
This view, incidentally, is also supported by the faet that
when the fetal testis is grafted into the seminal vesicle of an
adult castrated host it is capable of producing androgen at
once (Jost, '48; Moore, ’53).

The reduced number of prostatic buds in our series of
castrated fetal rats is at variance with certain observations
in young opossums (Moore, '50a, '50b). After the removal
of the testes of an opossum on the 20th day of life the existing
prostatic buds (about a half-dozen) continue to grow, new
buds are rapidly added and the buds undergo extensive
branching; up to the 100th day the prostate of a castrated
opossum is similar to that of a normal control. The present
authors do not know why there should have been such a
discrepancy in the results obtained in these two species of
mammals, rat and opossum (placental mammal vs. marsupial).
On the other hand, the lack of persistence of the Miillerian
duets in our castrated fetuses and also the actual formation
of prostatic buds during the experimental period are in
keeping with similar observations in the castrated opossums
(Moore, "50Dh).

Ahsefxee of the coagulating glands and the presence of hy-
pqspa.dms in our rats are anomalies like those found in fetal
::1]1:313 in “ihi{;h.- ;ﬁ]he te,stes were destrczzred by irradiation (Ray-

adie as performed on the 13th day after conception
:md- 1.110 fetal mice were killed on the 1Sth day. The abnori
fnahtles, more exte.nsim th‘an those in our specimens, included
absence of the seminal vesicles and prostate
the presence of an epitheli
duets (““cordon vaginal

' and, incidentally,
al cord derived from- the Miillerian

7). Ravnaud (’50) states that the
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genital tubercle of a castrated mouse was structurally similar
to that of a normal female control. The authors did not pre-
sent a record of having prevented these effects by means of
introduced androgen.

The complex of abnormalities noted in our material is less
extensive than that found in fetal rabbits (Jost, ’50). In
rabbit fetuses castrated on the 19th to 21st day of life and
killed on the 28th day, Jost reported absence of the prostate
and the differentiation of the Miillerian ducts into a vagina
(prostatic utricle ?) and into certain segments of uterine horns
and tubes. Such effects in rabbit fetuses were prevented by
implanted testosterone propionate.

In our work, the formation of prostatic buds in the absence
of testes is in harmony with the existence of ‘‘female pros-
tates’’ in adult female rats. Prostates ocecur spontaneously
in a high percentage of the females in certain selected strains
of inbred rats (Price, 44).

1t is clear that the enlargement of the prostatic utricle in
the castrated fetal rat is attributable to the castration. It is
problematical, however, whether this change is due to the
experimental deprivation of testicular androgen, as was im-
plied earlier in the discussion (paragraphs 3 and 4). This
over-all interpretation is supported by the fact that in the
rhesus monkey, for example, the introduction of androgen
into the circulation of a gravid female fails to cause in &
female fetus any retrogression of the Miillerian ducts and
derivatives but does produce a high degree of intersexuality
(Wells and van Wagenen, in press). Our over-all interpre-
tation was formulated in spite of certain observations in chick
embryos and in a single rabbit fetus. In a female chick em-
bryo in which a developing testicle has been grafted into the
peritoneal cavity, the graft may bring about a complete retro-
gression of the Miillerian ducts of the host (Wolff, ’50).
Similarly, when an embryonie testis is grafted onto the somato-
pleure (a membrane which later participates in the formation
of the chorioallantoic memhbrane) of a female chick embryo,
the graft may cause a complete disappearance of the Miil-
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lerian ducts (Huijbers, '51). Also,ina single case of a female
rabbit fetus in which a testicle had been grafted onto the
developing mesosalpinx, it was found that a segment of the
\[iillerian duet was missing on that side of the body (Jost,
'30).

In closing the discussion, our data bring into sharp focus
the question of whether in normal male fetuses the testicular
androgen is produced early enough to, and at such early
stages in sufficient quantity to, induce the formation of the
primordia of “male organs’’ and to cause the normal retro-
gression of the Miillerian ducts. We think this is an open
question.®

SUMMARY AND CONCLUSIONS

Fetal rats so young that they still lacked prostatic buds
and coagulating glands and so young that they still had long
segments of the Miillerian ducts, were subjected to castration
and then permitted to live until near term.

I1 was found that prostatic buds had appeared during the
experimental period but that the number of buds was signifi-
cantly smaller than the number in controls of the same age
and litter. The coagulating glands were sometimes absent.
The floor of the penile urethra was usually missing (hypo-
spadias). All portions of the Miillerian ducts except the
prostatie utricle had disappeared. The utricle was relatively
large.

These cffects of castration could he prevented, or largely
prevented, by means of implanted testosterone propionate.

Our observations support the view that in rats testicular
androgen is produced before birth and that it stimulates the
prenatal growth of the male accessory reproductive organs.
These observations are inadequate to determine, however,

*It would be beyond the scope of the present paper to undertake a review of

Ehv \'n\st litcr:d.ure on the role of hormones in sex differentiation in mammals,
(4 lfo whole subjeet wns considered at a reeent Colloquium ;

this symposium appeared serially in 1950 {Areh. d4’Anat, m;cx
and the papers were assembled under one
chez des Vértéhres, Centre National

the Proceedings of
. . Morph, exp,, 39),
cover in 1951 (La Différenciation Sexuelle
de la Recherelie Scientifique, Paris 7).
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whether androgen from the fetal testis acts as a causative
factor in the formation of the primordia of these organs and
in the normal retrogression of the Miillerian ducts.
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PLATE 1

EXPLANATION OF FIGURES

The drawings depiet the urethra (U) and prostatic buds as they appeared, when viewed fiom above, in transparent models
which were prepared by stippling onto sheets of cellulose acetate the configuration of the epithelium (sce text). The orien-
tation is the same as that shown in figure 14, i.e., dorsal aspect down and right aspect on the observer’s right. At the
Miillerian tuberele (M), the prostatic utriele and the ejaculatory ducts were not modeled. C, coagulating gland.

2 Unoperated control of 21 d - 15 h., Litter 966. There were 61 prostatic buds, some of which are hidden in the drawing.

X175,

3 Tetus eastrated at the nge of 18d 4 3 h and killed at the age of 21 d 4 15 h. Litter 966. There were 9 prostatic buds,
all shown in the drawing. The coagulating glands were absent, as illustrated. X 7d.

4 Tetus eastrated at 18 d - 2h, given a pellet of androgen at 18 d 4+ 2h and killed at 21 & 4 15 h. Litter 967. There were
62 buds (66 buds in an unoperated litter-mate of the same age). X 75.
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PLATE 2

EXPLANATION OF FIGURES

Bight transverse sections of the pelvie region of several fetuses presented for the purpose of illustrating the prostatic
utriele, cjaculatory ducts, coagulating glands and prostatic buds.

Each section is oriented in such manner that the dorsal aspeet is down (note reetum) and the right aspeet on the ob-
server’s right. Ureters and wall of bladder in figures 5 and 9. Urethra in 6 of the illustrations (up — figs. 6-8 and 10-12).

in

The prostatic utricle appears in each illustration except figure 6 (unear center of photo). Right and left ejaculatory duets

5

of the photos (figs. 7 and 9-12); right duct in three (figs. 5, 6 and 8). Left ducius deferens and the duect of the

left seminal vesicle in figures 6 and 8.

5

6

10

11

Normal male fetus of 18d 4 2h. Litter 1346. X 60,

Unoperated eontrol of 21d 4 15h. Litter 966 (ef. fig. 2). Prostatic utricle not shown since it was below the level of the

transverse scetion presented (see figs. 10 and 1G). Coagulating glands present (black objects in top third of photo).
X 60.

Fetus castrated at 18 d 4 3 h and killed at 21d - 15h. Litter 966. Prostatic utricle large. Ejaculatory duets dilated.

Coagulating glands missing (epithelium missing). Arrows indicate two masses of cells in 2 region where the coagulating
glands might De expected (see text). X 60.

Fetus eastrated at 18d + 2h, given androgen at 18d - 2h and killed at 21 d + 15 h. Litter 967. Coagulating glands
present. X 60.

Normal male of 184 4 2h, Litter 1335. X 60.

Unoperated control of 21d 4 15h. Litter 953. White arrow, epithelium of the prostatic utricle. Black arrow, outer
margin of utriele. Cavity of utricle not shown in the section presented. X 60.

Tetus eastrated at 18ad 4+ 4h and killed at 21

d 4 15h. Litter 953. Left ejaculatory duct solid, right duet almost
solid. X 60. -

Tetus eastrated at 184 4~ 21, given androgen at 18 d X 2h and killed at 21d -+ 15 h. Litter 967. Photo supplements
figure 8 by showing additionnl prostatic buds (see fig. 4). X 60.
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EXPLANATION OF FIGURES

Tour transverse scetions of the pelvie region. Orientation: dorsal aspeet down (note rectum) and right aspeet on
observer’s right.

13

14

16

Normal fetus of 18d + 2h, obtained at beginning of experiment. Litter 941. Urethra in oblique scetion. Absence of
prostatic buds. Arrow marks approximate site where a single bud was found in another fetus (normal fetus of 18 d 4 41,
table 1). White blister on the right aspeet of the Miillerian tuberele is the prestatie utriele (ef. fig. 1, drawing C). X 50.

Unoperated control obtained at end of experiment, 21 d + 15h. Litter 941. Prostatie urethra, numerous prostatic buds,
Miillerian tuberele, bilateral termination of prostatic utriele (marked by two black ink dots) and termination of the
gjaculatory ducts (sites about 6 mm bhelow ink dots). X 50.

Fetus castrated at 18d -4 7h and killed at 21d - 15h. Litter 941, Prostatic urethra, a small number of prostatie
buds (total of 7 buds in model), prostatic utriele (marked by the two white ink dots) aud ejaculatory duets (abscnce
of lumen in right duct). X 50,

Normal fetus of 19d 4 12h. Prostatic urethra and buds (19 buds eounted in the serial secetions), and a portion of
the Miillerian tuberele. X 60,

Iive sections of the developing penis (photos obtained from transverse scetions of § fetuses). Orientation: dorsum of
penis on observer’s left; left aspeet down.

17

17

18

19

20

(Large photo.) Normal fetus of 18d -+ 2h. Litter 1355. Asterisk indicates left preputial gland. Thoto also shows
the eavernous bodies of the penis and the penile urethra (latter seetioned dorsal to the region of the urethral groove
— groove not illustrated). X 30,

(Inserted small photo.) Normal fetus of 18 - 2h. Litter 1335. Glans penis and the prepuce are attached to cach
other hy the balano-preputial lamella. Note urethral plate (median solid epithelium). X 20.

Unoperated control of 21d 4 15h. Litter 966. Preputial glands (observer’s left), glans penis and attaehed prepuce,
penile urethra and a narrow preputial frenulum (latter on observer’s right). X 30.

PFetus castrated at 184 -+ 3 h and killed at 214 + 15h. Litter 966. Glans penis, prepuce and penile urethra (latter
on observer’s right). The section presented does not pass through the existing (abunormally persisting) urethral groove.
¥ 30,

Petug enstrited at 18 A <k 214, given androgen at 18 d - 2h nand killed at 21 d -+ 15 h, Litter 967, Narrow preputial
froennlum (obmerver’s right) . < 30,
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THE IDENTIFICATION, ORIGIN, AND MIGRATION
OF THE PRIMORDIAL GERM CELLS
IN THE MOUSE EMBRYO

A. DUNCAN CHIQUOINE*

Department of Zoology, Cornell University, Ithaca, New York, and Department
of Anatomy, Washington University, St. Louis, Missouri

SIX FIGURES

INTRODUCTION

The extra-gonadal origin of the primordial germ cells and
the existence of the so-called ‘‘Keimbahn’’ or germ-tract is
today aceepted by most investigators. Germ cells have been
identified and traced in numerous vertebrate embryos and
their existence also demonstrated by experimental procedures,
particularly in amphibian and bird embryos (see the reviews
of Heys, ’31; Everett, '45; Niewkoop, ’49). But in mam-
malian embryos the existence of germ cells has been claimed
by some and denied by others. This difference of opinion
arises from a questioning of the validity of the eriteria em-
ployed to distinguish germ cells from somatic cells. In mam-
malian embryos the germ cells are usually characterized as
being larger than surrounding cells and as possessing
prominent nueleolus and more darkly staining nuclear and
plasma membranes. On the basis of such mor phological
charaeteristies, the origin and migration of germ cells have
been deseribed in mammals (Vanneman, '17; Rubaschkin, 08

'09) and particularly in human embryos (Fuss, 125 Politzer,

'33: Hamlett, '35; Witschi, '48). Other 1nvest1rratms how-
t‘\l;xe 1vhg:;eh 31())‘111{1;(31 f}?}l: \\]'11]1 these same chalactenstlcs S0

ughout the tissues of the embr vo that
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they have concluded either -that primordial germ cells do
not exist (Hargitt, ’25) or that they cannot be identified by
these criteria (Simkins, ’23, ’28). There is, therefore, a great
need for a technique which will specifically stain the germ
cells and permit them to be distinguished from all other cells.

‘We have found it possible to stain the primordial germ
cells specifically with the Gomori histochemical technique for
alkaline phosphomonoesterase activity. The origin of the
germ cells in 8-day mouse embryos and their distribution in
9- and 12-day embryos will be described. From these obser-
vations it can be concluded that the primordial germ cells
in the mouse embryo have an extra-gonadal origin and that
they migrate along a germ-track to attain their final location
within the germinal ridges.?

MATERTIALS AND METHODS

This paper is based upon the study of Swiss albino mouse
embryos ranging in age from 6 to 12 days post coitum. NMore
than 50 embryos have been sectioned serially and studied.
The methods used in the timing and collecting of em-
bryos have heen previously deseribed (Chiquoine, in press).
Throughout this paper, the ages of the embryos will be con-
sistently stated in terms of days of copulation age.

Embryos were fixed in 80% aleohol, absolute acetone, or
5% acetic acid in absolute alecohol (Wolman and Behar, '52)
at a temperature of —5° to —10°C. Acetone fixation was
found to be slightly inferior to alcohol and to the acetic acid-
aleohol mixture. Embryos of 6- to 10-day copulation age were
fixed in wufero, while the older embryos were dissected from
the fetal membranes prior to fixation. All embryos were
embedded in paraffin (Fisher, Tissuemat) and serially sec-
tioned. The embryos were sectioned and tested for phos-

*Following the publication of a preliminary abstract of this study (Chiquoine,
’53), Dr. J. S. Baxter informed me in a letter of his own observations on the
staining of primordial germ cells in a 10-mm human embryo with the Gomori
alkaline phosphatase technique. Doctor Baxter’s observations were reported at the

international Anatomieal Congress at Oxford in 1950 hut the abstracts of the
papers presented at this meeting have not been published to date.
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phatase activity on the same day in order to minimize any
loss of enzyme activity from the spread sections.

The serial sections were run through the procedures for
the demonstration of alkaline phosphatase activity according
to the revised method of Gomori (’46). Sodium glycerophos-
phate (Kodak no. 644) was used as a substrate, buffered to
pH 9.4. The serial sections were incubated at 37°C. in the
huffered substrate for a period of one-half to one hour. En-
zymatic activity was visualized as a black precipitate of cobalt

sulphide. Control series were incubated in the same buffered
mixture but lacking substrate.

OBSERVATIONS

The identification of the germ cells. Germ cells can easily
be identified by virtue of their high alkaline phosphatase
activity. Following the Gomori histochemiecal technique the
cells are stained black by a precipitate of cobalt sulphide
while the surrounding cells show only a minimal or negative
reaction. The selective staining of the germ cells, however,
is only possible when a short incubation period in the buffered
substrate is employed. Tonger incubation periods result in
a positive reaction in almost all cells of the embryo and a
corresponding decrease or complete lack of contrast between
germ cells and somatie cells. The best contrast is obtained
in the older embryos since the surrounding cells at these
slages possess less enzymatie activity than the cells surround-
ing the germ cells in the younger embryos.

’I;‘h.e staining of the germ cells can be attributed to enzymatic
aclivity sinee the cells are unstained in the confrol series.

The enzymatic activity of the germ cells is observed in most
(e estoplasn and the muclune appens o by mns o
The :‘\ppm'ent ;laininw of the m‘ul:)ll;em D o laned black

' L sts g us can frequently he at-
trxhuiod t.o viewing the nucleus through an overlying, posi-
m'c:ly stained eytoplasm (fig. 5). ]
ho'lcl(x,(l\nxjgcttxl\ ]o) 1:,{:(.1:11::% ‘(:‘f;] ltgle i%:e]i]'n cells permitted them to

. s difficult and open to severe
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criticism when such counts are made without the benefit of
selective staining. An additional advantage of the series
studied is the possibility of following those germ cells which
stray from the principal migratory pathway or germ-track,
no matter how far afield they may wander.

The origin of the germ cells. No primordial germ cells
could be identified in 6- or T-day embryos. This negative
finding is based upon the careful searching of complete serial
sections of more than 20 embryos.

The primordial germ cells are first recognized in 8-day
embryos and are seen scattered among the cells of the caudal
end of the primitive streak, the root of the allantoic meso-
derm, and the underlying yolk saec splanchnopleure (figs. 1,
2, 3). The cells are confined to the mid-sagittal region of the
embryo and do not extend laterally in the primitive streak
or on to the surface of the yolk sac to any appreciable extent.
Within the splanchnopleure of the yolk sac the germ cells
typically occur as individual cells with entodermal or meso-
dermal cells separating adjacent germ cells. In the primitive
streak and especially in the allantoic mesoderm the germ
cells are more frequently observed in groups. The contrast
between the germ cells and somatie cells is much better in the
yolk sac than in the primitive streak or allantoic mesoderm
because the somatic yolk sac cells exhibit less enzymatic ac-
tivity than the somatic cells in the primitive streak and
allantois. -

Migratory pathway of the germ cells. The migratory path-
way of the primordial germ cells in the mouse embryo 1s
essentially similar to that described in the human embryo
(Witschi, 48).

Subsequent to their origin in the caudal end of the embryo
in early 8-day embryos, the germ cells migrate caudally and
ventrally on to the yolk sac and caudally into the allantoic
mesoderm. In 9-day embryos the cells have migrated from
these extra-embryonic regions to the embryo proper. The
cells are observed in the lateral and caudal face of the open
mid gut, in the stalk of the allantois, and in the splanchno-
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pleure of the hind gut. Within the hind gut the cells are
located most commonly in the lateral and ventral portions
of the gut wall. The quality of fixation resulting from the
use of fixatives designed primarily to preserve enzymatic
activity makes it difficult to determine in all instances whether
a given germ cell is located within the entodermal epithelium
or in the adjacent splanchnic mesoderm. However, many
cases are clearly recognized of each position so that it is
quite clear that the cells are not limited to either germ layer,
but migrate freely within the splanchnopleure.

In 10-day embryos the germ cells are still found in the
splanchnopleure of the gut, caudal to the open mid gut, but
not extending as far caudally into the cloacal regions as they
did in 9-day embryos. In a few series, two or three germ cells
may still be observed in the open mid gut region but this
is exceptional. In addition to their distribution in the splanch-
nopleure of the gut, the cells are also present in the dorsal
mesentery, its root, and the adjacent germinal ridges (fig. 4).
Within the germinal ridges the few germ cells present are
located heneath the germinal epithelium, although in a few
instances they form an integral part of this epithelium.

. Thf; distribution of germ cells in 11- and 12-day embryos
1s quite similar to the distribution in 10-day embryos, hut the
relative numbers of cells at the different loci have changed.
B}'ieﬂy summarized these changes are: an inereasing nun:ber
of germ cells at the end of the germ-track, i.e., within the
gen}nnal ridges, and a decreasing number of cells in the
carlier portions of the germ-track, i.c., within the splanchno-
pleure of the gut and the dorsal mesentery. In late 12-day
embryos the migration of the germ cells is practically com-
Pleted. A few cells are still observed in the root of the dorsal
within the gorminal ridges, Wiinin the st o cnirated
located ])Ot; in and he:e';%'l tl N -1(? lldgeS: the. cells are
majority of the L:m'm cellctzu'; cyilti‘l(c’)(‘gzlnllmal el)ﬁ‘hehu}n. ';l.’he
for ﬂl(‘. numhm: of (rQ]'n; ce]lé w‘(ﬂ 3 )?neath_ ﬂle'ep1tl}ehum
more than 1097 of ﬂl: total . »1 “?l the ‘epithelium is not
¢ : al number of germ cells in the ridges
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(fig. 6). Thus in the late 12-day embryo the primordial germ
cells have attained their definitive position. The later differ-
entiation of the gonads and the relation of the germ cells
described here to the functional gametes of the sexually
mature mouse 1is the subject of further investigation.

During the course of their migration, only a few germ cells
deviate to so great an extent from the deseribed pathway
that they can be considered as lost and perhaps incapable of
ever reaching the germinal ridges. Such cells have been
identified in numerous locations, viz., in the mesenchyme
about the cloaca, within the mesonephric tubules, and in the
developing wall of the dorsal aorta. It is of course possible
that even these cells would eventually reach the germinal
ridges. On the other hand, the cells are not observed to stray
cephalad of the level of the germinal ridges nor into any
entodermal or ectodermal organs such as neural tube and
its derivatives, pancreas, or liver.

The number of germ cells increases quite rapidly with
development, bhut is also quite variable from one embryo
to another of the same age and even between litter mates.
The total number of germ cells counted in 8-day embryos
varied from 100 to 150, in 9-day embryos from 400-480, in
10-day embryos from 900-1000 and in 11-day embryos from
1575-1625. Tt was not found to he practicable to count the
cells in the 12-day embryos since the cells were too densely
packed within the germinal ridges and counts of the same
series by two people varied more than 25%. The total number
of germ cells in 12-day embryos is estimated to range between
2000 and 2500. There are no specific observations to indicate
the mechanism of this increase in numbers, but presumably
it is due to the mitotic activity of the migrating germ cells.

During the course of their migration, individual germ cells
sometimes exhibit pseudopodia-like cell processes (fig. 3).
These pseudopodia suggest the probable means of locomotion
of the germ cells. The fixatives employed in this study are
known to cause appreciable shrinkage and probably many of
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the pseudopodia were retracted during fixation, thus explain-
ing the infrequency of such cell processes.

DISCUSSION

The observations reported in this paper constitute the
first complete deseription of the origin and migration of the
primordial germ cells in the mouse embryo. Kirkham (’15)
reported in an abstract the identification of germ cells in
11-day mouse embryos, but did not deseribe their distribution.
Simkins (’23) made a careful study of rat and mouse embryos
but found cells with the morphological characteristics of the
germ cells so widely distributed that he concluded that the
germ cells could not be identified by such criteria. Hargitt
(’25) also was unable to identify germ cells in early rat
embryos. More recently, Bverett (’43) reported the identifi-
cation of germ cells in the hind gut of a 2.6 mm deer mouse
(Peromyscus maniculatus) embryo but could not recognize
the cells in younger embryos. On the other hand, Everett
presented very good experimental evidence for the existence
of germ cells in the laboratory mouse and the present study
provides the deseriptive details to substantiate his conclu-
sions.

The question of the origin of the germ cells must remain
open. It would be precarious to argue that germ cells arise
from only one specific site when the evidence to support such
a conclusion is based solely on the study of fixed material.
When the germ cells are first observed in the mouse embr yo
they are found in the yolk sac splanchnopleure, the caudal
:;]11(:1 00;' the \I\):iunfti\%eﬂstreakt, and the root of the allantoic

zoderm. Which of these s o

The fact that the "‘O]Sl(;l :zeel]gslglltlllcilzjel lpillln?lf_tg]e "el‘m colls?

$ e streak are

surrounded by cells of varying enzymatic actxwtv might sug-
(s rensen 5 st reported in the prchapen cels. Tor
this study (Chi 1;01ne 1 53) fd ni tl ‘L"Pl ey abstract of
{rom the pr mnt?ve streak. I e Y i eolls pr 01)a1)lv e
ak. Follow mtrﬂnc report I have studied
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additional serial sections of 8-day embryos and I now no
longer believe that the primitive streak is the primary origin
of the germ cells. '

In the youngest 8-day embryos, i.e., those having the fewest
germ cells, the cells are most numerous in the splanchnopleure
of the yolk sac. This observation leads me to believe that the
germ cells in the mouse embryo arise from the yolk sac as
has also been reported to be the case in man (Fuss, "11;
Politzer, ’33; Witschi, 48).

It is quite possible that the germ cells originate from both
the yolk sac and the primitive streak. But even more impor-
tant is the probability that the germ cells exist in earlier
stages than observed in this study but that they do not
possess the high enzymatic activity required for their demon-
stration. The tracing of the origin of the germ cells to the
cleaving ovum is a much more fundamental problem.

Primordial germ cells which fail to attain the germinal
ridges and which become lost in other tissues of the embryo
have frequently been suspected of having a possible signifi-
cance in the origin of embryomata. Witsehi (’48) could not
find any evidence from his study of the migration of germ
cells in the human embryo to support this contention. Simi-
larly, no evidence was found in the present study of the
mouse embryo. Although a few germ cells were recognized
in some emhryos as having strayed from the germ-track, the
location of these lost germ cells was never too far from the
track. Imbryomata, on the other hand, are known to occur
in almost any part of the body and there are no observations
to support such a widespread distribution of lost germ cells.

Witsehi (’48) argued that the germ cells are guided in
some way to the germinal ridges by chemotropism. My own
observations on the infrequency of lost germ cells and the
successful attainment of the germinal ridges by the vast
majority of the germ cells are in agreement with this argu-
ment. Weiss and Andres (°52), from their study of the fate
of embryonic cells injected into the circulatory system of
chick embryos, suggest that the germ cells are distributed
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at random throughout the embryo by the circulating blood
and only those germ cells lodging in the germinal ridges
survive and express their developmental potentialities. This
may well be the case in the chick embryo, for germ cells have
heen observed in the blood stream (Willier, *50). In mam-
malian embryos, however, germ cells have not been reported
in the cireulating blood, nor have I ever observed them in
the mouse embryo within the lumina of blood vessels. For
these reasons, Witschi’s suggestion of a positive ehemotropism
on the part of the germ cells is probably correct.

The significance of the high enzymatic activity of the germ
cells is not known. The roles of alkaline phosphatase in em-
bryonic tissues have heen repeatedly discussed (Moog, '44;
Brachet, 47 ; Chiquoine, ’53), but the biochemical significance
of this enzyme is so obscure that no definitfive function can
he assigned to it. It is quite apparent, however, that the
ability of a cell to migrate is not dependent upon a high alka-
line phosphatase activity since other migrating cells of the
embryo do not possess such high levels of enzymatic activity,
e.g., the cells of the neural erest during their migration to

form the parenchyma of the adrenal medulla (unpublished
observations).
SUMMARY

Employing the Gomori histochemical technique for alkaline
phosphatase it has been possible to stain selectively the pri-
mordial germ cells of the mouse embryo. The g:erm cells
were observed {o originate from the yolk sac splanchnopleure
z.md perhaps also from the caudal end of the primitive streak
i 8-day embryos. The subsequent migration of the cells from
their ovigin to the germinal ridges is deseribed. In 12-day
m.nln'yos, almos{ all the germ cells have attained the O*erminz{l
ridge. Very few germ cells were observed to devi:te from
the germ-tvack and hecome lost.

These observations constitute the first complete deseription

of the origin and migration of the primordial eerm cells in
. N - b )
the mouse embryo. This study also serves as

he e : : a needed con-
firmation to other studies of germ cells im m:
= * <

mmalian ems-
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bryos in which the identification of the cells has been based
solely on morphological characteristics.

The significance of the high enzymatic activity of the germ
cells is not known but it is not a characteristic of all migrating
embryonic cells,
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GERM CELLS IN THE MOUSE EMBRYO PLATE 1
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All the photographs on this plate are from serial sections of mouse embryos of known copu-
lation age. The primordial germ cells are selectively stained black by virtue of their high
alkaline phosphatase activity.

1 Sagittal section through the caudal end of the primitive streak of a young 8-day mouse
embryo. Three primordial germ cells are selectively stained black in the entoderm of the yolk
sac immediately beneath the primitive streak. X 340.

2 Sagittal section through the ecaudal end of the primitive streak and the allantoie mesoderm
of a late 8-day mouse embryo. Numerous primordial germ cells are observed by virtue of their
heavy staining in the yolk sac splanchnoplenre and allantoic mesoderm. This section clearly
indicates that the primordial germ cells originate from the yolk sac. X 100.

3 Cross section through the primitive streak of an 8-day embryo illustrating the darkly
stained primordial germ cells in the entoderm and primitive streak. X 100.

4 Cross section of a 10-day mouse embryo. The primordial germ cells which are stained
black can be identified in the root of the dorsal mesentery, within, and beneath the germinal
epithelium. X 100,

5 oss section of the hind gut of a 8-day embryo. The primordial germ cells are stained
bl.:x)ck (irnd are present both in tgllllc entoderm and splanchnie mesoderm of the hind g'ut. ’I"h?
nuclei of the germ cells are essentially unstained but frequently appear black due tol an }oxfg_
Iving, stained eytoplasm. The germ cell situated just to the right of the middle of the pho
g}rnph illustrates a pseudopodia-like process. X 340.

i i i -day - ajority of the darkly
Frontal section of the germinal ridge of an 11-day embryo. The majority of
qt’lﬁine('{rprimordinl germ cells are situated immediately beneath the germinal epithelium. X 340.
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THE STRUCTURE OF THE GOLGI APPARATUS
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THIRTEEN FIGURES

During the 55 years of its existence as an object of scientific
inquiry, the Golgi apparatus has been interpreted in almost
as many different ways as there have been techniques em-
ploved in its study. The importance aseribed to it has run.
the gamut from exaltation as the crucial center for secretory
manufacture to dismissal as a technical nuisance or artifact.
Rarely has the investigation of a natural phenomenon inspired
such uncompromising partisanship, with preconceptions be-
coming tenets of faith instead of serving as working hypothe-
ses. In no small part, this attitude has been fostered by the
insccurity which is inherent when conclusions are drawn from
methods whose basis is largely empirical. With refinements
of eytochemical technique, the Golgi apparatus may be ap-
proached with greater assurance and allowed to record the
responsiveness of its form and the character of its substance.

The Golgi apparatus cannot be merely an apparition, as
frequently implied by veference to it as an artifact, since it
has appeared to so many competent investigators in the same
part of the cell after diverse experimental approaches. The
one factor common to all of these experiments has been the
presence of a cell, either aljve or in some state of preservation.
The Gol;.:i images which have been observed must consequently
owe (1;09' t;:;nstien;:e 'to 11'110 par?eipation of some cellular com-

onent in the e ¥ ¥ v * thi

hames reatly, or ot 4 all as it takos pi oot
Na £ ¥y 0 Lall, akes part in experiments
1t is always Golgi material, ’

* With the teehnieal assistance of Gloria Wayne.
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Cellular constituents are routinely made presentable to the
human eye by technical artifice without being stigmatized as
artifacts. The image observed represents the living structure,
modified by its response to the reagents employed. An em-
balmed geometrical replica of the original is not necessarily
the most useful product. If a cell constituent, such as the
Golgi material, responds to a chemical procedure by a recog-
nizable change, the observed image records not only a modi-
fied form but a dynamic characteristic as well.

To expect the Golgi material to be so independent of its
environment that it will not be sensibly altered by technical
procedures is inconsistent with the view that it participates
actively in the less drastic reactions characteristic of normal
cell function. The Golgi material does respond to chemical
procedures and the analysis of the pattern of the response
enables us to acquaint ourselves with its dynamic character-
isties. Although the expression of these characteristics in
the living cell is the ultimate concern, their study can he
approached most effectively through the accentuated reac-
tions evoked by reagents which are not obliged to maintain
a homeostatic environment.

The observations recorded in this paper will be restricted
to the response of the Golgi apparatus of the Swiss albino
mouse to selected reagents leading to paraffin embedding.
The interpretation of these observations, however, has been
guided by the results, as yet unpublished, of a great variety
of chimical and physical experiments on supravital as well
as fixed tissue.

Identification of the Golgt material

A common source of confusion in the discussion of the
Golgi problem has been the lack of proper identification of
the Golgi material. Too often identification has been allowed
to rely on intuition, sharpened by experience, with the result
that intuitions have become pointed in different directions.
The formal definition of the Golgi apparatus as a cellular
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entity is recorded in Golgi’s original paper, published in
1898, although earlier cytological descriptions have sinee been
interpreted as evincing awareness of its presence. In his
paper, Golgi deseribed the series of chemical reactions which
he performed on the tissue and the appearance of the Golgi
apparatus after these reactions. The primary criterion for
the identification of Golgi material must consequently be its
ability to respond to the technical proeedures which Golgi
employed so as to produce the structure which he obtained.
It is obvious from this operational definition that struecture
alone is not sufficient for identification; the fundamental
ceriterion is a chemical response, gauged by a physical effect.

The original technique employed by Golgi evolved by chance
from his chrome-silver method for nerve. It was consequently
more complicated than necessary and therefore capricious.
Some simplification was achieved by Golgi (’08), Cajal (°12),
Da Fano (’20), and Aoyama (’29) by the introduction of new
fixatives and the employment of hydroquinone development.
The elimination of previous fixation in the direct silver method
of Klftman (’52) removed the fickleness characteristic of
carlier methods, while retaining their diagnostic character-
istics. Since cach of these silver methods gives identical
results, but the direct silver method is most consistent and
simplest, it may now be regarded as the most convenient
critical test for the presence of Golgi material.

The use of eriteria other than its response to a properly
exe'cuted silver technique for the identification of Golgi ma-
of osmi.um tetroxide (pt;ovides sucl?l‘:eslecs 3(;1 dfl vd. : Tl.l-e use
identification, but only wher d ; 0‘11 g crlteu'on of
procedures; iﬂph‘lmra osm'1 tion is Celti‘lm.authentleated

s; haphaz: smication is not significant.

Characteristics of the silvered Golgi imdge

The fundamental pattern of the res
terial to the direet
throngh

: ponse of the Golgi ma-
silver method can be studied in figures 2

2. showing tissue from the duodenum, pyloric stomach
R < )
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uterine gland and head of the epididymis. Fresh tissue was
immersed directly in a 2% solution of silver nitrate in 5%
formalin at pH 4.5 for two hours, followed by hydroquinone
development. In all of these cells, the Golgi apparatus is
supranuclear in position and can be recognized in the figures
by the fact that it is more intensely silvered than are the sur-
rounding structures. Identification as Golgi material, how-
ever, does not depend on position or mere attraction for
silver but on the detailed structure of the silvered image.
To superficial observation, the Golgi apparatus in the 4
types of cells illustrated gives an impression of great varia-
bility, but closer study reveals the similarity of fundamental
structure. In each may be recognized elongate elements,
differing in size but not in intrinsic character. Even in thin
sections, the tendency of these elements to terminate in bulb-
ous enlargements is apparent, as is the fact that the interior
of these enlargements has not reacted with the silver. When
the Golgi material is more abundant and these elements are
larger, as in the epididymis, the internal cavity, after direct
silver treatment, is seen to be continuous within each element.
The Golgi material consequently forms an interfacial film,
separating the general cytoplasm from the contents of the
internal space, referred to frequently as the Golgi internum.
Interpretation of the results of silver techniques on the
Golgi apparatus must always be guided by consideration of
the chemical reactions involved. In the first step of the direct
silver method, the silver reacts with the Golgi material so
as to produce a substance which serves as a nucleus for the
deposition of metallic silver when hydroquinone is added,
with uncombined silver still present in the tissue. The en-
suing deposition of metallic silver is consequently similar
to intensification as practiced in photography, and the size
of the final silver deposit is determined by the degree of
intensification and not by the thickness of the film of Golgi
material. It is possible to carry the process so far as to fill
all internal cavities with silver or fo shorten it so that only
the more reactive centers are intensified. Silver deposits
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produced by this method are inmately granular; there is no
more reason for calling the granules mitochondria when
they appear in a tissue section than when they occur on a
photographic plate. .

The more detailed characteristics of the silvered Golgi
image have been considered first because they are the ones
which are of diagnostic value. The Golgi elements which have
been described may be grouped so as to give a superficial
impression of forming a network or reticulum. This is more
likely to occur when the thickness of the Golgi film has been
oreatly exaggerated by excessive silvering, so that elements
which are actunally discrete appear to coalesce. The inter-
stices of such a network, as seen in plane section, are partially
Golgi internum and partially cytoplasmic space.

Effect of variations in silver technique

In order to test whether the configuration of the Golgi
apparatus has heen influenced by the reagents employed in
the direet silver method, it is possible to repeat the procedure
with controlled variations in the rcagents. The results of
such experiments are shown in figures 6 through 8. The
epididymis has been chosen as the test object, since it is
generously provided with Golgl material. The marked varia-
tions in the character of the cells in different regions of the
cpididymis, especially in its head, requires that great care
be exercised in choosing similar cells for comparison. This
can be accomplished easily in tissue sections but presents a
serious problem in other methods of siudy.

f \\’ht;}\ the silver reaction is conducted at pH 7.2 with the

ormahn concentration reduced to 1%, the o] i
responds by producing the structure th)wn int(i)cI:.llr:l (;1 te’;ll?;
sllvm'ed image is smaller than that produced b?r the .direct
S}l\'Ol: method, figure 3, but still gives evidence of organiza-
t;nn into a ﬁ}m s:ur.rounding an unreaetive interior. When
the formalin is eliminated, but the pH kept at 7 2, the Golgi

apparatus presents ifself in a
ap: sents ifs condensed, globul
in figure 7. o ar form, as
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Further evidence of the powerful effect which the chemical
treatment has on the structure of the Golgi apparatus is
provided by figure 8. After subjection to 1.5% ammoniacal
silver nitrate, pH 10.3, for two hours, the tissue was de-
veloped for one hour in 2% hydroquinone dissolved in 15%
formalin. The Golgi apparatus has responded by extreme
expansion.

Effect of osmium

For many decades the use of osmium mixtures for the
demonstration of the Golgi apparatus has enjoyed greater
popularity than has the use of silver, largely due to the
difficulties encountered in the application of the earlier silver
methods. Typical of the results achieved with osmium is
figure 9 of the epididymis, prepared by the method of Ludford
(’26). The major characteristics produced by this method
correspond closely with those obtained by the direet silver
procedure, figure 5. In both cases the thickness of the inter-
facial membrane is exaggerated by excessive secondary de-
position.

Having demonstrated that the Golgi apparatus is expanded
by the formalin component of the direct silver method, the
suspicion is naturally aroused that some component of the
osmium method has performed the same service. That os-
mium can be applied in such a fashion as to circumvent ex-
pansion is demonstrated by figure 10. This tissue was im-
mersed in 2% osmium tetroxide, buffered according to the
recommendations of Palade (’52), for three hours at 37°.
Under these conditions osmium does not blacken the Golgi
material but presumably forms an addition produect of the
general type investigated by Criegee (’36, ’42). Reduction
of the osmium attached to the Golgi apparatus, without
general blackening of the tissue, was accomplished by the
subsequent action of 1% formalin in the presence of 1%
potassium dichromate and 2% osmium tetroxide, overnight
at 56°, an initial pH of 3.5 being provided by acetate buffer.
Under these circumstances the Golgi apparatus of the epi-
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didymis emerges more condensed than it is after prolonged
osmication preceded by the customary fixatives. It resembles
more closely the results achieved with neutral silver in the
absence of formalin.

Effect of dichromate

Dichromate has heen used as an ancillary reagent in Golgi
procedures from Golgi’s earliest method to the present time.
When 2.5% potassium dichromate is dissolved in 20% for-
malin to form Regaud’s fixative, overnight fixation of the
epididymis at 37° results in the Golgi configuration shown
in figcure 11. The use of fast green as a background stain
allows the shape of the Golgi film to he appreciated by con-
trast, sinee it encloses the unstained Golgi internum. This
is an example of what is usually referred to as a negative
(Golgl image, a designation which would be more accurate
if the Golgi internum were not customarily refractory to
staining. In any case, the organization of the Golgi film in
tubules with dilatations may be compared with its response
to silver and osmiunm.

In contrast to its employment as an accessory reagent,
utilization of dichromate as a primary reactant for the Golgi
apparatus dates from Baker’s application of the Smith-
]’)ietl'ieh method in 1944, By this means Baker made the
mportant coniribution of substantiating the presence of
phospholipids in the Golgi material. A further refinement
of t.his general method, using controlled chromation, has heen
nc}no\'ed dm:ing the present study. The essential feature of
this me'thod is the control of pH as well as temperature, con-
centration, and time.

i e T e f

! ( . 1ation is presented in figure 12.
x\1 forw reacting \\:1(11 2.5% potassium dichromate at pH 3.5
0(111(11:9:1‘“1\211::\:E); (illie?]?gtr Ir-mterizfl has been sufficiently
i il e e c(;n\., m paraffin. It may then bhe

it ¢ dye, such as the Sudan black B
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used for figure 12, or the trivalent chromium resulting from
the reaction may be stained with acid hematein.

In contrast to figure 12, in which formalin has not been
used, is figure 13, fixed overnight at room temperature in
Orth’s fluid, which contains 2.5% potassium dichromate and
10% formalin. The less complete preservation of the Golgi
material, compared to figure 12, is attributable to the higher
pH and lower temperature, while the different expansion of
the Golgi apparatus is due to the addition of formalin to the
dichromate.

Interpretation of observations

Although it would be possible to extend the line of evi-
dence put on record here by describing the effect of other
reagents on the Golgi material, the experiments described
are sufficient to substantiate the conclusion that the Golgi
material is responsive to changes in its chemical environ-
ment. The pattern of these responses is determined by char-
acteristic properties of the Golgi material.

The structures assumed by the Golgi apparatus after the
various reactions represented by figures 2 through 13 range
in a continuous series from a condensed globule without
visible internal cavity to greatly expanded configurations
with the Golgi material forming an interfacial film between
a central fluid and the surrounding cytoplasm. Moderately
expanded stages retain an essentially spherical outline, while
further expansion results in elongation. With this elongation,
a characteristic tubular shape with bulbous terminations is
assumed when the pressure of the surrounding cell constitu-
ents does not interfere. The terminal dilatations have a
strong tendency to exhibit a diameter twice that of the
tubular connecting portion. The mean curvature of these
two portions of the figure are consequently the same, a strong
indication that the shape is related to the tension of the film
of Golgl material.

TWhen the Golgi material is in the expanded state, the area
of the interfacial film which it forms can be determined. One
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method of doing this is illustrated by the nomogr:oxph of fig-
are 1. The two scales to the right refer to dimensions of the
‘expanded Golgi apparatus in microns, when 1t assumes the
form of a tube with hemispherical ends of the same diameter
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Fig. 1 Nomograph of some of the physical properties of the Golgi apparatus.
The central scale gives the area of the film of Golgi material when it is expanded
in the form of a hollow tube, the length and diameter of which are shown on the
twa scales at the right, in microns, The scales at the left give the concentration
of Golgi material in the film and the diameter of the sphere into whieh this
material would condense with a density of 0.9 and a molecular weight of 800.

The broken and dotted lines represent preliminary values for the partieular
part of the cpididymis used in the present stndy and for the absorptive cells of
the duodenum. The observed values used in loeating these lines were the length
and dinmeter of the Golgi apparatus when expanded by the direct silver and

Ludford osmium fechniques and the diameter of the Golgi globules observed after
minimal expansion.

as the tube. This reference shape is convenient for compu-
tation because it hecomes a sphere when the length and
diameter are equal and the increase in area provided by
terminal dilatations ecan be adjusted for by added reference
tube length. A line drawn through the values for length and

diamefer of the tube interseets the central seale to give the
area of the film in square microns.
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Two other properties of the film are indicated by the
scales on the left half of the nomograph. The first is the
concentration of Golgl material in the film, expressed in terms
of the number of molecules for each 100 square Angstroms
of area. The second is a measure of the total amount of Golgi
material present in a given area of film. If all of the material
present in a given area at a given concentration were con-
densed into a sphere, the diameter of the sphere would furnish
a convenient index of its volume. This diameter will depend
on the molecular characteristics of the material involved; the
scale on the nomograph is constructed for a density of 0.9
and a molecular weight of 800, adjustment for other values
being a simple matter.

The relations used in the construction of the nomograph
are purely mathematical and are consequently independent of
any particular interpretation of the Golgi apparatus. When
measurements of actual preparations are plotted on the
nomograph, interesting correlations appear. Two such sets
of preliminary data have been plotted in figure 1. The dotted
lines represent the Golgi apparatus of the absorptive cells
of the duodenum, and the broken lines the particular portion
of the epididymis used in the present study. Starting with
measurements of the length and diameter of the expanded
Golgi apparatus of direct silver and Ludford osmic prepa-
rations, the area of the Golgi film is found. When a line is
drawn from this value for the area through the observed
value for the diameter of the condensed Golgi apparatus
produced by other techniques, the scale at the left is inter-
sected in the general region of 5 or 6 molecules for each 100
square Angstroms of film area.

In view of the preliminary nature of the data employed,
these particular numerical values for concentration of Golgi
material in the film should not receive undue emphasis, but
the general order of magnitude which they indicate is reliable.
TWhen these results are studied in conjunction with the data
on interfacial phospholipid films, most easily accessible in
Adam (’41), it is apparent that the production of the ex-
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panded Golgi forms from the condensed spheres is well within
the power of the material which is predominant in them.

DISCUSSION

The Golgi material is a dynamic constituent of the cell
which reveals some of its fundamental characteristics by the
response which it gives to changes in its chemical environ-
ment. Since the amount of Golgi material, and the details
of its chemical composition, vary from cell to cell, the re-
sponses vary in detail but follow a general pattern. The
key to this pattern is the ability of the Golgi material to
form interfacial films of different degrees of expansion under
different chemical circumstances. The form which it will
assume in a particular living cell can therefore by expected
to depend on the partienlar variety of (tolgi material present
in that cell and the particular chemical environment sur-
rounding it at the moment.

Recognition of this property of the Golgi material allows
the observation of the varieties of Golgi apparatus in living
cells to proceed with greater objectivity. The question s not
whether the Golgi apparatus is always tubular or always
globular but what degree of condensation or expansion is
characteristic of it in each cell type under specific physio-
logical conditions. Txtension and refinement of interpreta-
tion of the fypes of observation made by Bensley (’11),
O'Leary ('30), Palade and Claude (’49), Baker (’49), Thomas
(748, ’49), Xeros (°51), Dalton (’53), and Adamstone and
'I‘a}'lf)r ('33) will eventually allow the spectrum of livinge
GO]?’I' structures to be classified in accordance with thei?'
position in the condensation-expansion series. The sensitivity
Of. ﬂle'Goigi material. 1o changes in its environment, and the
exceptional hazards involved in proper identification, neces-
Sli?‘io extreme earve in evaluating the reports of direc”c obser-
vaiion.

. On.o' of ﬂxe.sh'iking features of the experiments reported
n this paper is the tendencey of the Golgi material to respond
fo the less drastic reagents by appearing in a condensed,
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globular form. This is in accord with the experiences of
Palade and Claude (’49) with homogenates. There is con-
sequently good reason for bhelieving that the spectrum of
living Golgl structures will eventually be found to be heavily
skewed in favor of condensed, globular forms. Certainly
globular lipid ‘‘inclusions’’ merit the closest serutiny from
those who are searching the cell for normal Golgi material.
The extent to which the coalescence of droplets, according to
the concept of Worley (’46, ’51), contributes to the formation
of observed Golgi bodies requires further investigation.

The significance of the Golgi internum, the contents of the
space enveloped by the expanded Golgi film, is still subject
to question. Since the volume of this space varies with changes
in the chemical environment, the first assumption would be
that its contents are derived from the surrounding cytoplasm
by filtration through the semipermeable membrane provided
by the Golgi film. Analysis of the Golgi internum should
vield valuable information concerning the permeability of the
Golgi material.

The debt which anyone working with the Golgi apparatus
at the present time owes to his countless predecessors is
apparent. The literature which has accumulated in such
prodigious fashion has fortunately been expertly reviewed
by Kirkman and Severinghaus (’38), Hirsch (’39), Hibbard
(’45), and Bensley (°51). In the course of its long history,
the genesis of basic concepts concerning the Golgi apparatus
has become veiled by the passage of time, and the only sure
way to honor all who have given birth to good ideas is to
nurture them to maturity. It is possible, however, to give
specific eredit to 5 investigators who have made conspicuous
contributions to the basic concepts elaborated in the pres-
ent paper. Virchow (1854) alerted microscopic anatomy to
the physieal transformations manifested by myelin-like sub-
stances. Sjovall (°06) pioneered the study of the response
of the Golgl material to chemical reagents and its interpre-
tation in terms of myelin-like constituents. Baker (’44) ap-
plied eytochemiecal methods to the Golgi material and proved
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the presence of phospholipids. Palade and Claude (’49)
brought into modern focus the relation between the physical
transformations of the Golgi material and its lipid com-

ponent.
SUMMARY OF CONCLUSIONS

The Golgi material is a real constituent of the cell and
participates in experiments performed upon it. The response
which it gives to silver techniques provides a definitive means
of identification which has historical validity. One funda-
mental property of the Golgi material is its ability to undergo
different degrees of expansion into interfacial films in re-
sponse to various reagents. This sensitivity to the environ-
ment affords the possibility that the living Golgl materials
of different cells, differing as they do in details of chemieal
constitution and in amount, may exhibit different degrees of
expansion. They may then be classified according to their
position on the condensation-expansion scale. Condensed
Golgi globules in living cells deserve especial attention; their
identification cannot he achieved by direct observation but
may be obtained by subsequent application of the direct silver
reaction. The responsiveness of the Golgi material to its
chemical environment is indicative of its dynamic character
and is consonant with its phospholipid content.
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PLATE 1

EXPLANATION OF FIGURES

Photomicrographs, X 800, of paraffin embedded tissues of the Swiss albino
mouse. The sections are 5 u thick, except for figures 2, 3, 4, and 12, which were
cuf at 2 .

2-5 Golgi apparatus of the duodenum, pyloric stomach, uterine gland and
one type of epididymal tubule after the direet silver method, using 2% silver
nitrate in 5% formalin, pH 4.5, for two hours, followed by hydroquinone develop-
ment. The differences shown by these tissues are partly due to the different
amounts of Golgi material, partly to chemical differences in constitution. The
common pattern of response includes elongate elements with bulbous hollow
terminations, the Golgi material being represented by a film of silver forming
an interface between the interior fluid and the surrounding cytoplasm. The thick-
ness of the film is exaggerated by the deposition of excess silver.

6-7 Change in the response of the Golgi apparatus of the epididymis to silver
when the pH is raised to 7.2 and the formalin conecentration is reduced to 1%
in figure 6 and formalin is eliminated in figure 7.

8 Expanded Golgi apparatus of the epididymis produced by 1.5% ammoniacal
silver nitrate, pH 10.3, for two hours, followed by hydroquinone-formalin de-
velopment.

9-10 Effect of osmium tetroxide on the Golgi apparatus of the epididymis when
applied by Ludford’s method, figure 9, and by fixation in Palade’s buffered osmium
followed by dichromate-formalin development, figure 10.

11 Epididymis fixed in 2.59% potassium dichromate, 20% formalin (Regaud)
at 87° overnight, with fast green used as a background stain. The ‘‘negative’’
image of the Golgi apparatus shows characteristic tubular development with bulb-
ous terminal expansions.

12 Duodenum prepared by the controlled chromatin method, with 2.5% potas-
sium dichromate, pH 3.5, at 56° for 18 hours. Stained with Sudan black B. The
phospholipid component of the Golgi apparatus is visualized by this method.

13 Duodenum after fixation in 2.5% potassium dichromate, 109 formalin
(Orth), and stained with Sudan black B. The Golgi apparatus is less completely
preserved than in figure 12 but it shows the greater expansion due to formalin.
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AGENESIS OF THE EXTERNAL GENITALIA
WITH REPORT OF. TWO CASES

HERBERT S. WARREN
Division of Anatomy, Hahnemann Medical College, Philadelphia, Pennsylvania

FOCR FIGURES

Total agenesis of the external genitalia is a very rare
anomaly. Only 5 cases were found recorded in the literature
(Martin, 1878; Willett, 1894; Beaumont, ’03a, ’03b; Choisy,
'96; and Kirshbaum, ’50). Absence of parts of the external
female genitalia in two sisters was reported by Mabaret du
Basty (1890). In sireniform monsters the external genitalia
are usually absent since they are included in the deficient cau-
dal end of the trunk, as reported by Heury (1894), Manners-
Smith (1896), Gladstone (’06), Johnston (’20), and Dawson

22a).

( ) MATERIAL

The pelvie and abdominal organs of two human female
specimens form the basis of the present study.

Case 1. One was an anencephalie fetus about 8 lunar months
of age, with no case history available. The crown-rump length
of the specimen was 17 em. It was designated Fetus A in an
carlier paper (Warren, ’51).

Case 2. The second specimen was a new-horn baby that had
died 27 hours post-partum. The mother, 34 vears of age, had
horne three normal children. She was treated by cervical
(':.lutery up to the third month of pregnancy. Ges.tation pe-
riod 9 lunar months plus 10 davs. Additional anomalies gb-
Sm'\:(‘d in this specimen were: gastroschisis (X in fig. 4), ec-
tnp.m. vesicae, right talipes ealeancovarus (T in f;q 4,)
deficient left inferior extremity (F in fig. 4) without
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and a large cyst in the left gluteal region. Histological sec-
tions of some of the internal genital organs were stained with
hematoxylin and eosin.

OBSERVATIONS

Case 1. Externally the perineum presented a small genital
tubercle at the anterior end of a low median raphé, shown at
R in figure 1. No orifice whatever could be found in the peri-
neum. The nates and inferior extremities were formed per-
fectly. A sacral dimple was present (S in fig. 1).

Internally paired ovaries with ova (RO, LO in fig. 2), paired
uterine tubes (RT, LT in fig. 2), and a bicornuate uterus (UB,
fig. 2) occupied the usual locations in the broad ligaments.
The intestines were contained in the sac of a dorsal lumbar
hernia illustrated previously (figs. 8-9, Warren, ’51). A left
diaphragmatic hernia permitted the stomach, left adrenal
gland and left kidney to pass into the cavity of the thorax,
while the pyloric junction and left ureter remained in the
hiatus (D and LU in fig. 2). The right kidney was large, al-
most circular in shape (RK in fig. 2), and the right ureter
was also enlarged. The left kidney was smaller and its ureter
thinner. The adrenal glands appeared to be relatively large,
but were normal histologically.

The right hypogastric artery was large in diameter and
was continued as a solitary umbilical artery, similar to that
described by Dawson (°22b). The left umbilical artery was
absent, but there was a very thin aberrant artery (A in fig.
2), which arose from the abdominal aorta near the level of
the renal arteries, passed across the peritoneal cavity to the
base of the umbilical cord, and joined the solitary (right)
umbilical artery.

Case 2. Exstrophy of the urinary bladder with gastroschisis
and a rectovesical fistula caused a very peculiar perineum de-
void of any orifices. In this specimen a very low raphé was
present immediately to the right of the mid-sagittal plane,
but with no other sign of the external female genitalia. Hx-
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{ernally this case presented a very thin anterior abdominal
wall (X in fig. 4), a malformed left hip with a large cyst
and a defective left inferior extremity (¥ in fig. 4), and a
right talipes caleaneovarus (T in fig. 4). Due to the gastro-
schisis, the eolon (C in fig. 4) presented itself on the anterior
surface of the specimen.

Internally paired ovaries with ova and paired uterine tubes
witlt finhria were located immediately caudal to the diaphragm
in the upper right and upper left quadrants of the posterior
abdominal cavity, as shown in figure 3 (RO, LO, RT, L.T).
The left uterine tube terminated blindly in the retroperitoneal
fascia about 15 mm from its fimbria (LT in fig. 3), with no
connection to the uterus. The right uterine tube was about
20 mm in length, and was connected to a small cylindrical uni-
corn uterus (UU in fig. 3). The latter measured 10 mm in
length and had a diameter of 4 mm. It is interesting to note
that Beigel (1877) described a larger right unicorn uterus
30 mm in length. A broad ligament was not developed, so the
small unicorn uterus was located on the right side of the
abdomen, dorsal to the right border of the urinary bladder
(Vin fig. 3) and adherent to the latter. The uterus was with-
oul a cervix and the vagina was absent.

Parallel to the right uterine tube was another tube that ap-
peared histologically to be a ductus deferens, or Wolffian duet.
There was neither a testis nor an ovotestis, only the paired
ovaries which were normal histologically.

The left kidney was ovoid in shape, had two long longitudi-
nal sulei, and lacked a hilum. The ureter arose from the eau-
dal border of the kidney, passed along the dorsal wall of the
abdomen and opened on the everted inner surface of the uri-
nary bladder. The right kidney was smaller than the left but
similar to it in shape.
th(rzr Efef(‘)ltslt(:ollelzzti?ls ;in(‘gRtr.a th' :ag normal grossly except for
o oo e u:e evert.ei;l. ig. ‘). rl‘he rectum o?ened by a

mner surfaee of the urinary blad-

der. }’mih adrenal glands were large, and seemed normal his-
tologically.
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DISCUSSION

The fact that each fetus was a female suggests that agene-
sis of the external genitalia, at least in these cases, might be
due to the fusion of the labia majora into a raphé combined
with rectal atresia. The median raphé present in each specimen
resembled the perineal, or scrotal raphé of the normal male,
except that the fusion had continued anteriorly to include the
genital tubercle, and thus obliterated all the usual orifices.
That this is possible, although rare, is suggested by the cases
of Harris and Barry (1847) and Haskins (1851). Harris’
case was an 18 year old slave, who menstruated regularly
through the ‘‘penis,’”” which was an inch long. The anus was
patent, but there was no other orifice. Haskins described a
slave 21 years old, of general female appearance, but with a
‘‘penis’’ an inch and a half long. The glans penis had a fis-
sure instead of an urinary meatus, and says Haskins: ‘“The
fissure terminated by the apparent union of its lips, forming
a cicatrix, which resembled somewhat the raphé of a serotum.
This raphé extended to what should have been the position of
the posterior commissure of the vulva in the female.’’

Another explanation should be mentioned, although it seems
to me to be less probable. It does not account for the median
raphé present in Haskins’ and the author’s cases. It is pos-
sible that a premature growth, or an overgrowth, of the uro-
rectal fold fused with a persistent cloacal membrane near the
base of the tailbud, and thus separated the rectum from the
surface. Consequently the proctodeum would not be stimu-
lated to develop and anal atresia resulted.

In each of the author’s cases there was a defect in at least
one of the Miillerian ducts. In case 2 the failure of the left -
uterine tube to unite with the uterus is a condition more fre-
quent than is generally realized. In this case the urinary
system was not affected, therefore the developmental arrest
must have occurred relatively late. Also the distance between
the uterine tube and the urinary bladder was much greater
on the left than on the right side. Brackenbury (1891) and
Schattenberg and Ziskind (’40) have reported such cases.
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Dannreuther ('23) found a unicorn uterus ina married woman
95 years old, and Mishell (38) found agenes.is of the right
ovary as well as a mere ‘‘stump’’ of the uterine tube on the
same side in an adult woman. For a complete review of the
pertinent literature the reader is referred to Shumacker
(’38). The bicornuate uterus of case 1 suggests that a de-
velopmental failure of fusion occurred only in the caudal por-
tion of the Miillerian ducts, although both ducts must have
heen fully formed.

Exstrophy of the urinary bladder in case 2 was probably
related to the gastroschisis and followed failure of the uro-
genilal sinus to develop normally (Patten and Barry, '52).
Connell (’01), Johnston ('14), Wyburn (’37), Goell (°50), and
Harlin and Fort (°51), among others, have reviewed the lit-
erature, deseribed similar cases, and given plausible explana-
tions of this very unfortunate anomaly which appears to be
confined fo humans.

A large literature has accumulated on the subjects of anal
atresia and rectal stenosis. Ladd and Gross (’34) reviewed
162 cases and Lu (’50) 74 cases. Rectovesical fistula has been
described by Brenner (’15) and others. It is frequently asso-
ciafed with anal atresia.

Solitary umbilical artery has been described by Dawson
('22h) and its various sites of origin were classified. Wolff
(1898-1899) has reviewed the literaiure on this interesting
subjeet. However, the author has found no deseription of an
aberrant artery to the umbilicus. It is difficult to envision
the process by which any of the normal embryonic arteries
cm(lld persist to form the above mentioned aberrant umbilical
artery,

SUMMARY

~ Total agenesis of the external genitalia is deseribed in two
female human fetuses. The external genitalia were repre-
sented only by a low mid-sagittal ridge in the perineum:
which, in one case, ended in a genital tubercle. One fetus,
1’0-“5(.1.&‘&'0(] a bicornuate, and the other a unicorn uterus. Paired
ovaries with ova and paired utevine tubes were present in both.
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Additional multiple anomalies were present in each case,
but of these only anal atresia was common to both.
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A., arteria aberans

B., border of left diaphragmatic
hernia

C., colon

D., duodenum

E., esophageo-cardiac junction

F., femur of defective left in-
ferior extremity

G., genital tuberele

ABBREVIATIONS

L.A., left umbilical artery
L.0., left ovary

L.T., left uterine tube

L.U., left ureter

R., ridge in midline of perincum
R.A., right umbilical artery
R.K., right kidney

R.O., right ovary

R.T., right uterine tube

PLATE 1

EXPLANATION OF FIGURES

S., sacral dimple

S.R., stenotic rectum
T., talipes calcaneovarus
U., umbilical cord

U.B., uterus bicornis
U.U., uterus unicornis
V., urinary bladder

X., gastroschisis

[

Inferior aspeet of case 1, showing the perineum with a genital tuberele and mid-sagittal ridge, or raphsé,
without any orifices. X 3.

Case 1, anterior aspect of dissected abdominal and pelvie eavities, showing the internal female genital
organs, the aberrant umbilical artery, the left diaphragmatic hernia and the dorsal lumbar hernia. X &.

Case 2, anterior aspeet of the dissceted abdominal and pelvie cavities, showing the female internal geni-
tal organs, the stenotic rcetum, and the umbilical arteries. X f.

Anterior aspeet of ease 2, showing gastroschisis, right talipes caleauncovarus, and the defective left infe-
rior extremity. X 3.
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FURTHER EXPERIMENTS ON THE INTRINSIC
CONTRACTILITY OF THE EMBRYONIC
RAT HEART!

E. XK. HALL
University of Louisville School of Medicine

EIGHT FIGURES

The intrinsic contractility of embryonic mammalian heart
muscle in tissue culture preparations has been studied by
Goss (31, 32, 33, ’35, ’38, ’40, 42, ’52) and others (review,
Patten, ’49).

In a previous investigation (Hall, ’51), the contraction rates
of the two main fragments (sino-atrial and ventriculo-conus)
of the embryonie (‘‘nerveless’’) rat heart were studied. The
sino-atrial fragments were found to beat about twice (1.94 X)
as fast as the ventriculo-conus fragments in Ringer solution
at 30-32°C.

In the present investigation, similar observations were made
at 36.5°C. The sino-atrial fragments were again found to heat
about twice (2.28 X)) as fast as the ventiriculo-conus fragments.

In addition, sino-atrial fragments were subdivided into si-
nus and afrial segments, and ventriculo-conus fragments were
subdivided into left ventricular, right ventricular and conus
segments. The contraction rates of these subdivisions in
Ringer solution at 36.3°C. were determined.

1t then beeame evident that under these experimental con-
d_iiinns there is a gradient in the rate of contraction, with the
stus venosus beating the most rapidly, and the atrium, the

"Supported in part by a Grant-in-Aid from the American Cancer Society,

upnn recommendation of the Committee on Growth of the National Research

( MINe “ ‘l"(‘ ')Il p‘ll’ ) v (v (4 -
" . v rant {roﬂl the ]\O“tuck‘ Stﬂte \IC(]]C l[ sear
.V —.\ . A Lt RC‘ ef l(.‘h COI“

175



176 E. K. HALL

left ventricle, the right ventricle and the conus following in
that order.

The experiments serve to elucidate the pace-making mecha-
nism of the tubular stage of the embryonic (‘‘nerveless’’) rat

heart.
MATERIALS AND METHODS 2

The methods nsed were in general those of the previous
investigation. Pregnant females of the Sprague-Dawley strain
of white rats were placed under sodium barbital anesthesia
(220-298 mg/kg) supplemented with occasional ether. Depth
of anesthesia did not seem to affect the heart rates of the
embryos. Nor did long-continued anesthesia appear to af-
fect the embryonic heart rates; typical determinations were
made after 10 hours of maternal anesthesia.

The embryos were removed singly at about half-hour inter-
vals from the uterus. The embryos and their hearts and
heart fragments were kept in about 100 ml of Ringer solu-
tion (composition: .9 gm NaCl, .0235 gm CaCl,, .0456 gm KCl,
.02 gm KHCOQ,, 100 ml H,0) in a finger bowl, the temperature
being maintained at 36.5°C. in a constant temperature bath.
The pH of this Ringer before and during the experiment
ranged from 8.1 to 8.3; recent observations indicate that the
heart rate is not affected by a much wider range of pH varia-
tion. .

The hearts were excised, subdivided, and studied immedi-
ately upon removal of the embryos from the uterus. The 113
day stage of the embryo was used, since the heart at this
stage is still essentially a tube (Hall, 51, fig. 6), though dilata-
tions and constrictions are present which serve to locate the
planes of section. Only the boundary between sinus and
atrium was difficult to establish, since the sinus at this stage is
partly embedded in the septum transversum and liver tissue,
and continues withont a sharp boundary into the atrium. A
V-shaped incision was therefore made to separate sinus and

*It is a pleasure to acknowledge the assistance of Mr. Wm. A. Johnson, Mr.
B. W. Johnson, and Mr. Raymond L. Rose, Jr. in the course of this investigation.
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atrium, to exclude the possibility that sinus tissue might af-
fect atrial beat (fig. 1).

One hundred and sixty-seven hearts and 489 of their sub-
divisions were studied, their contraction rates being deter-
mined by timing 50 beats. All operative procedures on the
embryos and their hearts were performed under the binocu-
lar microscope at magnifications of 7 X-30 X with specially
sharpened iridectomy scissors and forceps.

Fig. 1 Diagram of the heart of the 11} day rat embryo, to show planes of
section. S: sinus venosus, A: atrium, LV: left ventricle, RV: right ventricle,
C: conus.

The smallness of these subdivisions may be emphasized.
The largest ones (left ventricles) were about 0.5 mm in diame-
ter. The wall of the heart tube is highly trabeculated inter-
nally at the stage used, and the thickness of the external com-
pact layer does not exceed 45-60 y.

EXPERIMENTAL

Subdivision of the heart into sino-atrial and
veniriculo-conus fragments

Flg‘}lre 2 is a histogram to show the contraction rates of
the sino-atrial (Atrium) and ventrieulo-conus (Ventricle)
fragments of 50 hearts. It will be observed that there i
some overlapping of the curves, as in the previous obser N
fions at 30-32° (Hall, 51, fig. 2). The average contr tya-
rate for the 50 sino-atrial fragments was 165?[ er i 1;)11
tlmﬂt' for the 50 ventriculo-conus fragments 77'5 per m}nute,
) j‘i:){zu;‘ef is a histogram to show the distribulzionnz)l; Iichee

H K& hotw . N .
ween the contraction rates of the two fragments
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(A/V ratios) of each of the 50 hearts. While there is great
variation (from 1.01 to 4.70), there is no case in which the
contraction rate of the ventriculo-conus fragment was equal
to, or greater than, that of the sino-atrial fragment of the
same heart. The average of these 50 A/V ratios is 2.28.

No. of cases ~ = Atrium
a——m Ventricle
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Beats per minute

Tig. 2 Histograms to show the contraction rates of the sino-atrial (Atrium)
and ventriculo-conus (Ventricle) fragments of 50 hearts.
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Fig. 3 Histogram to show the distribution of the ratios between the confrac-
tion rates (A/V ratios) of the sino-atrial and the ventriculo-conus fragments of
50 hearts.

Subdivision of the sino-atrial fragment into
sinus and atrium ®

Figure 4 is a histogram to show the contraction rates of
the sinus and atrial subdivisions of 50 hearts. There is con-
siderable overlapping of the two curves. The average con-
traction rate for the 50 sinuses was 172.2/minute, but one
atrium beat more rapidly (176/minute) than this average.

s The following observations were demonstrated by motion picture at the Colum-
bus -meeting of the American Association of Anatomists (Anat. Ree., 115, 447).
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The average contraction rate for the 50 atria was 113.9/minute,
but two sinuses beat almost as slowly (116 and 118/minute)
as this average.

Figure 5 is a histogram to show- the distribution of the
ratios between the contraction rates of the sinus and the
atrial subdivisions (8/A ratios) of each of the 50 hearts. In
only one case did the sinus heat more slowly than the atrium
of the same heart (137 vs. 140/minute). The average of the
50 S/A ratios is 1.58.
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Fig. 4 IHistograms to show the contraction rates of the sinus and atrial sub-
divisions of 50 hearts,

No. of cases
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. S/A ratios
8. 5 Histegram to show the distribution of the ratios between the contr

fion rates (870 ratios) of the sinus and the atrial subdivisions of 50 hearts

NN NN NN ey
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e e s X
Subdivision of the veniriculo-conus fragment into
left ventricular, right ventricular, and
conus subdivisions

. .
The ventriculo-conus fragments were subdivided as s

in fienre 1 1 18 e s ; s shown
gure 1 1nto left ventricular, right veniricular, and conus
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subdivisions. Since these three subdivisions of each heart did
not invariably beat within a few minutes after their separa-
tion, it was necessary, in order to obtain 50 LV/RV and 50
RV/C ratios, to experiment with 114 hearts, of which only 42
yielded three beating subdivisions of the ventriculo-conus frag-
ment. In all, 239 ventriculo-conus subdivisions were studied.

No. of cases 2 Conus

EXSSSSY Right ventricle
Left ventricle

25

Fig. 6 Histograms to show the contraction rates of 94 left ventricles, 59 right
ventricles, and 86 conus subdivisions.

The histograms (fig. 6) to show the contraction rates of the
left ventricular, the right ventricular, and the conus subdivi-
sions show some overlapping. The average contraction rate
for the 94 left ventricles was 93.9/minute, but 5 of the right
ventricles beat faster than this average. The average con-
traction rate for the 59 right ventricles was 70.7/minute, but
two of the conus subdivisions beat faster than this average.
The average contraction rate for the 86 conus subdivisions
was 39.3/minute.



CONTRACTILITY IN THE EMBRYONIC HEART 181

Figure 7 is a histogram to show the distribution of the
ratios between the contraction rates of the left ventricular
and the right ventricular subdivisions (LV/RV ratios) of the
same heart in 50 cases. In only 4 cases out of 50 did the
right ventriele beat faster than the left ventricle of the same

No. of cases .

10
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Fig. 7 Histogram to show the distribution of the ratios between the contrac-
tion rates (LV/RV ratios) of the left ventricular and right ventrieular subdivi-
sions of 50 hearts.
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Fig. 8 Ifistogram to show the distribution 0f the ratios between the contrac-

tion rates (RV/C rati s .
Honrts (RY/C ratios) of the right ventricular and conus subdivisions of 50

heart. In {wo of these cases, the right ventricular rate

e:\'tre}nely high (139 and 147/minute). In the two other oy
the right ventricular rates were in the upper part ofc?}fe's’
range, whereas the left ventricular rates were in the 10\:;

part of their ranee X
port 1ge. The average of the 50 LV/RV ratios is
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In no case did the conus beat as fast as, or faster than, the
right ventricle of the same heart, as shown by the histogram
of the 50 right ventricle/conus (RV/C) ratios (fig. 8). The
average of these ratios is 1.84.

DISCUSSION *

The present investigation constitutes a confirmation at body
temperature of results previously obtained (Hall, ’51) at some-
what lower (30-32°C.) temperatures. As in that investiga-
tion, the sino-atrial fragments of the embryonic heart were
found to beat about twice (2.28 X ) as fast as the ventriculo-
conus fragments. The critical ratio (Fisher’s t value) for
these two distributions is 16.5, indicating that the difference
is significant at the 0.1% level, or less.

The present investigation also demonstrated differences in
the rate of intrinsic contraction in smaller segments of the
heart tube, with the sinus venosus beating most rapidly
(172.2/minute) and the succeeding segments heating less and
less rapidly (atrium, 113.9/minute ; left ventricle, 93.9/minute;
right ventricle, 70.7/minute ; conus, 39.3/minute).

The critical ratios (t values) for the successive distribu-
tion curves are high. That for the sino-atrial values is 9.3,
that for the atrio-left ventricular values is 4.5, that for the
left ventricular-right ventricular values is 8.8 and that for
the right ventricular-conus values is 11.3, indicating in each
case that the differences are significant to the 0.1% level, or
less. Only in a few exceptional cases did a heart segment beat
as fast as, or faster than, the preceding segment of the same
heart. The dominance of each segment over the succeeding
segment may be inferred.

It was interesting to find, in the course of this investiga-
tion, that in most cases the sino-atrial fragment contracted
more rapidly than the entire heart from which it was derived.
The sinus, in turn, contracted more rapidly than the sino-
atrial fragment from which it was derived.

1t is a pleasure to acknowledge the assistance of Mrs. Dorothy Hampton Woer-
ner in the computation of the statistical values.
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This is not in accord with the observations of Copenhaver
('39) on the embryonic amphibian heart or with those of
Barry (’42) on the embryonic chick heart, who found -that
the sinus rate at various stages did not differ significantly
from the rate of the enfire heart.

A statistical study was therefore made of 42 hearts, their
sino-atrial fragments, and the sinuses derived from these
fragments. The mean contraction rate of the 42 entire hearts
was 121.6/minute, that of their sino-atrial fragments 132.3,
and that of the sinuses derived from these fragments 174.7.

The eritical ratio (t value) for the heart-sino-atrial values
is 1.74, indicating that the difference is significant to only the
9% level, and we cannot conclude that the difference is sig-
nificant.

The critical ratio for the heart-sinus values, however, is
8.4, indicating that the difference is significant to the 0.1%
level, or less. It may be suggested that the more slowly con-
tracting segments of the heart exert a decelerating influence
on {he contraction rate of the sinus of the embryoniec rat heart.

SUMMARY

This investigation represents a continuation of previous ex-
periments in which 203 hearts of 10~13 dav rat embryos were
isolated in Ringer at 30-32°C. and sectioned at the atrio-
ventricular level; the contraction rates of the fragments were
determined, and the average A/V ratio was found to be
1.94/1.

In the present investigation, these observations were re-
peated on 50 hearts of the 11 day stage in Ringer at 36.5°C.
The average contraction rate for the sino-atrial fragments
}th 1q5.] /minute, that for the venirieulo-conus fragments
fea/mimute. The average A/V ratio was 2.98,

.'l’he fragments of 11 day hearts were then further subdi-
vided, as follows:

.(u) The sino-atrial fragments of 50 hearts were subdi-
vided into sinus and afrial subdivisions. The sinuses con-
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tracted at the rate of 172.2/minute, the atria at 113.9/minute.

The average S/A ratio was 1.58.

(b) The ventriculo-conus fragments of 114 hearts were
subdivided into left ventricular, right ventricular, and conus
subdivisions. The average contraction rate for 94 left ven-
tricles was 93.9/minute, that for 59 right ventricles was 70.7/
minute, and that for 86 conus subdivisions was 39.3/minute.
The average for 50 left ventricle/right ventricle ratios was
1.48. The average for 50 right ventricle/conus ratios was

1.84.
The results indicate that the gradient in the rate of inherent

contractility along the embryonic heart tube is a more gradual
one than might have been supposed from the previous inves-
tigation.
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MORPHOLOGIC EFFECTS PRODUCED BY THE
- IMPLANTATION OF STEROID HORMONE
PELLETS NEAR THE HYPOPHYSIS

ROBERT F. KALLMAN *? AND ALBERT S. GORDON

Department of Biology, Washington Square College of Arts and Science,
: New York University, New York.

TEN FIGURES

INTRODUCTION

While considerable clarification of the physiologic relation
between the pitnitary and adrenal cortex has been achieved,
investigations of pituitary morphology as correlated with
adrenocortical activity have been comparatively less reward-
ing. It has been postulated (Sayers and Sayers, ’48) that
ACTH sceretion is regulated by the blood levels of adrenal
cortical hormone. Sayers ('50) has proposed, as a working
hypothesis, that the adenohypophysis is itself sensitive to
the cortical hormone blood titer and is, therefore, truly auto-
regulatory.

Attempts have been made to localize the site of ‘‘back-
action’’ of the cortical hormones in or near the pituitary, and
it has been suggested that the hypothalamus is intimately
concerned in regulating pituitary seeretion of ACTH (Gersh-
berg, Try, Brobeck and Long, *50; McDermott, Fry, Brobeck

and Long, '50; Hume and Wittenstein, *50; Castor, Baker,
Ingle and Li, *51).

* Taken from a thesis presented by Robert F. Kallman to the Faculty of the
Graduate School of Arts and Science, New York University, in partial fulfillment
of the requirements for the degree of Ph.D. in the Department of Biology.

* Present address: Radiologieal Laboratory, Department of Radiology, University
of California Medical Center, San Franciseo 22, California. ’ ’
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Clinical material has been helpful in studying certain
morphologic effects of cortical hormone. The unique hyalini-
zation of basophiles in the pars distalis of Cushing’s syn-
drome, originally described by Crooke, was considered to
be ¢‘the alteration of fundamental significance in the causa-
tion of the syndrome’’ (Crooke, ’35). Although Crooke’s
observations have been widely confirmed (Kepler, ’49), it
has been emphasized that the hyaline basophile cannot be
regarded as the cause of Cushing’s syndrome. The concept
that the adrenal cortex is fundamentally and primarily the
cause of pituitary basophilism has become increasingly popu-
lar (Albright, ’43); and, indeed, Golden, Bondy and Sheldon
(’50), Laqueur (’51), and Golden and Bondy (’52) have
reported the appearance of cells resembling those described
by Crooke in the pars distalis following administration of
ACTH and adrenal cortical hormone.

It would appear that more positive support of the adrenal
causation of Cushing’s syndrome and the contention that
ACTH is produced by the adenohypophysial basophile would
be afforded by a further correlation of morphologic and
physiologic effects on the pituitary. Thus, while it is evident
that cortical steroids block the release of ACTH (Long, ’47;
Sayers and Sayers, 47 ; Gellhorn and Frank, ’48; Cheng, '49),
there is need for additional evidence that administration of
adrenal cortical hormone induces definite changes in pituitary
morphology in any subject other than the human. The possi-
bility that basophile cells are the source of ACTH (XKoneff,
’44; Smelser, '44; Halmi, ’50; Marshall, ’51) also merits
further scrutiny.

As a basis for the present experiments, it was assumed
that a satisfactory hormonal field could be established by
utilizing the pellet implantation method. Since the quantity
of a steroid absorbed from a pellet is regulated by its solu-
bility and surface area and thus can be controlled within
reasonable limits, it is possible to introduce into an animal
amounts of exogenous hormone that are not far in excess of
that animal’s physiologic requirements. It should be appar-
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ent, however, that a concentration gradient extends away
from the undissolved depot of steroid such that the area
immediately surrounding the pellet may be considered rich
in dissolved hormone as compared with the circulating blood
which would contain a relatively low concentration of the
substance. .

In order to test the hypothesis that adrenal cortical hor-
mone regulates, at least in part, the discharge of ACTH
from its secretory source, attempts have been made to create
localized fields of hormone activity in and around the pitui-
tary gland. By comparing this experimental treatment with
peripheral implantation of similar control pellets of active
cortical steroid, implantation of pellets of inactive steroids,
and prolonged daily injections of large amounts of the same
compound, it is possible fo draw a distinetion between specific
hypophysial effects and more general overall metabolic effects.
The cffects of cortisone have been compared with those of
desoxycorticosterone acetate and cholesterol administered in
similar fashion. The effectiveness of the method employed
has Dbeen evaluated by histologic and chemical eriteria, in-
cluding differential cell counts of the pars distalis, analysis
of gross and microscopic changes evoked in several organs,
assay of adrenal ascorbic acid concentration, and preliminary
determinations of pituitary ACTH content. Observations of

the changes undergone by the pellets themselves during the
course of implantation have also been included.

MATERIALS AND METHODS

A total of 176 adult male and female rats of a closely inbred
lnhora.\{ory sirain was used in the experiments. Th.ey were
kep.t in a controlled temperature room (24-27°C.) and were
maintained on standard laboratory rations consistine of calf
meal, t.ueat. and bone scraps, cod liver oil, and veilst All
nlwr:m‘mxs were performed on rats weighing 110 to 15.0 gm
Following operations, animals were given food and W:ter

{u? libitum and were observed at regular intervals for chanees
i growth and hehavioy. o
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The steroids used were cortisone acetate,® desoxycortico-
sterone acetate,* estradiol,* and cholesterol. Desoxycortico-
sterone acetate (DCA) and estradiol were procured in the
form of 75 mg and 50 mg pellets which were cut into several
small pieces, each weighing approximately 1.5 mg, for use
in the present experiments. Cortisone acetate and cholesterol
were obtained in the form of ecrystalline powder and were
compressed into pellets in a specially machined die.

All implantation operations were carried out using ether
anaesthesia. The pituitary region was reached by the para-
pharyngeal approach; a small hole was drilled through the
basisphenoid bone, the dura mater was pierced, and two to
4 pellets totalling approximately 3mg in weight were in-
serted through.the opening into the sellar region. To insure
that the pellets would remain in this location, the hole was
plugged with a small piece of the omohyoid muscle which
was dissected free during the course of the operation.

Representative animals treated with each of the 4 steroids
were sacrificed by exsanguination at intervals of approxi-
mately 20, 30, 40, and 60 days postoperatively. Immediately
after exsanguination of each animal the left adrenal gland
was removed, promptly dissected free of surrounding fat,
weighed, and ground thoroughly in a small quantity of sand
together with 0.5ml of 6% trichloracetic acid. Suspensions
of whole adrenal tissue were then subjected to analysis for
ascorbic acid by a modification of the method of Roe and
Kuether (’43). Pituitary, adrenal, thyroid, thymus, spleen,
kidney, testis or ovary, and uterus or seminal vesicle weights
were determined.

The pituitary, right adrenal, and thyroid glands of all
animals were fixed in Helly’s fluid and prepared for histologic
study. Representative pituitaries were fixed in Champy’s
fluid following which they were treated by the method de-

?Cortone (17-hydroxy-11-dehydrocorticosterone acetate) supplied by the cour-
tesy of Dr. H. J. Robinson and Dr. A. Gibson of Merck and Co., Inc.

*Cortate (desoxycorticosterone acetate) and Progynon (estradiol) kindly sup-
plied by Dr. N. L. Heminway of Schering Corp.
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seribed by Severinghaus (’32) for study of mitochondria and
Golgi apparatus. After they had been embedded in paraffin
and serially sectioned in the horizontal (frontal) plane at
4 p, the pituitaries which had been fixed in Helly’s fluid were
stained by a modification of Masson’s method.

Differential counts of the three basic cell types of the pars
distalis stained by the preceding method were determined
by a routine similar to that devised by Kirkman (°37). The
counting chamber was a Whipple micrometer disc containing
one large square ruled into 100 smaller squares; the actual
length of one side of the large square is 6.9 mm.

In each pituitary the first section to be counted was chosen
near the beginning of the series of ademohypophysial sec-
tions, and, starting at that point, every 50th section through-
out the series was used for the count. Each of the sections
selected for counting was observed under oil immersion. In
all pituitaries which were subjected to this procedure the
final cell counts were based upon at least three sections of
the gland. In every case, percentages of the cell types were
calculated from a total of at least 2500 counted cells, and, in
most instances, more than 5000 cells were counted. While
no precise overall measurements of cell mass were made,
sizes of various cells were noted in some detail.

Whenever practicable, the pellets were removed from ani-
mals at autopsy, dried in a desiccator, and weighed. A rough
estimate of the amount of steroid absorbed daily during the
period of administration was derived by subtracting the final
from the initial pellet weight and dividing this figure by the
tota} number of days of implantation.
t'ﬂ{)el]ff(;:zl:lfl;lzrlllniclililzo:l_n‘}s were a'lso .performed on pituitaries

ake z als which had received, by subecutaneous in-
lection, 2 to 9 mg of cortisone acetate in 0.5 ml of 0.85% NaCl
soluii_on daily for a period of two weeks.
DY i e o 0 e e el o o

i . nit) pituitary were grouped as the
oxpermxe‘ntal series. Control groups consisted of rats that
had received pellet implants of cholesterol in the pituitary
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region and animals that were implanted in the groin regions
with pellets of similar size and weight for each of the steroids
studied. Pellets of estradiol were also implanted in the sellar
area to provide information concerning the absorption proper-
ties of another well-known steroid. Physiologic effects of this
hormone administered in this manner will not be considered
in the present report.

Statistical analyses were performed according to procedures
outlined by Snedecor (’46).

RESULTS

1." Effects on the intact amimal. Daily measurements of -
body weight, food and water consumption, and urine volume
revealed no marked differences between control and experi-
mental animals.

2. Effect on organ weights. Since no appreciable differ-
ences were determined in the weights of organs of animals
sacrificed at different lengths of time after pellet implanta-
tion, these data have been pooled for the purpose of statisti-
cal evaluation (table 1); that is, all animals subjected to each
kind of experimental treatment have been considered as a
discrete group. The data for the organ weights in the males
are not given since no significant alterations were noted
with the various treatments used.

In female rats the pituitaries which were exposed to pel-
lets of cortisone were reduced in weight to a statistically
significant degree as compared with the pituitaries of animals
treated with cortisone pellets in the groin, cholesterol or DCA
pellets near the pituitary, and normal untreated animals.
The principal source of the highly significant variance ratio,
F=4.05** (table 1) is shown, by the comparison of indi-
vidual groups (Student’s # test), to be the females implanted
with cortisone pellets near the pituitary (p < .001). A re-
duction in weight of the male pituitary exposed to cortisone
is also suggested by the data, but to a lesser and statistically
insignificant extent.



TABLE

1

Statistical analysis of organ weights of female rats implanted with steroid pellets

rupsruest N0 Wiy PITCITARY  ADRENALS  THYROIDS OVARIES UTERUS THYMUS SPLEEN KIDNEYS
T gm  wy/100 gm mg/100 gm wa/100 gm wmg/100 gm mg/100 gm  mg/100 gm my/gm mg/gm
None 17 168 6.09 23.2 9.18 20.4 208 106.8 3.75 6.42
+ 0,22 -+ 0.54 + 0.33 *+ 1.55 + 15.1 o= 8.7 =+ 0.33 =+ 0.16

Cartisone -7 164 411 22.8 10.10 29.3 189 136.0 3.38 6.41
in pitunitary + 0.30 *+ 1.27 =+ 0.63 -+ 2.89 +12.5 =+ 13.0 #+0.21 =+ 0.20
Cortisone 8 166 5.71 249 7.90 7.7 161 119.0 3.54 6.56
in groin + 0.24 * 146 =+ 0.50 = 1.35 + 141 +12.1 &+ 0.24 - 0.23
DCA in 7 158 0.21 26.3 9.65 30.0 204 129.0 4.08 6.08
pituitary -+ 0.85 =+ 1.40 + 0.81 ok 1.52 =+ 144 *+= 9.1 + 0.22 =+ 0.11
('ll(il(‘xélrr()l D 165 5.85 26.1 12.10* 344 165 149.0 3.39 7.05
in pituitary 4 074 * 1.30 &+ 0.24 + 5.53 + 16.2 -+ 13.1 =+ 0.33 + 049
1 4051 2.21 7.09t 0.73 1.61 217 0.55 1.51

Figures represent means -& standard error,

Iach value of F represents the varianee ratio, -

numerator includes all treatment groups listed in colunm 1.
Y p <.05, indieating significant difforence from control value in first line of table (Student’s ¢ test).

rp <00,

tp <01, indieating signifieant heterogeneity within group means (analysis of varianee).

Mean square of group means

Mean square of individuals

~ where 'the

AgVIINIld NO SILOTJJIH INOINHOH dIoddLS

161
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In neither male nor female was there any significant al-
teration in weight of the adrenal glands, gonads, sexual
accessory organs, spleen, or kidneys as a result of cortisone
treatment, either of the experimental or control type. Simul-
taneous comparison of the female groups disclosed a sig-
nificant difference in thyroid weights, ' =7.09 ** (table 1).
By inspection of the data, this may be attributed to the
cholesterol treatment.

3. Adrenal ascorbic acid. The concentration of ascorbic
acid in the whole adrenal gland of both the male and the
female was not significantly affected by any of the treat-
ments applied, as indicated by the variance ratios, F'=0.56
and F'=2.23 (from statistical analysis of the 5 groups of
males and females in the same manner as presented in table
1). The untreated female gland contained less ascorbic acid
than did the normal male, a mean difference of 90.2 mg per
100 gm adrenal weight (p < .001).

4. Histology of the endocrine orgams. The microscopic
structure of the adrenal cortex, thyroid gland, and gonads
was unaffected by treatment with either cortisone or DCA
pellets. The cells of each of the adrenal cortical zomnes dis-
played a normal degree of vacuolization, and the zonal widths
were within the normal range. The heights of the thyroid
cells fell within the normal range, and the follicles were filled
with varying amounts of colloid. Gametogenic activity did
not appear to be affected in either the testis or the ovary.

5. Puuitary histology.

(a) Normal. The present study is based on a differ-
entiation of three classes of cells: acidophile, basophile, and
chromophobe.

The male and female adenohypophysis may be said to be
alike in certain qualitative aspects, such as shape and dis-
tribution of cell types. Quantitatively, however, they are
significantly different. The male gland (table 2) contains a
higher proportion of basophiles and acidophiles than the
female (table 3). There appears to be little variation among
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the different untreated animals of each sex with regard to
the proportions of cell types.

There was no evidence of mitotic activity in any of the
cells of any of the normal or experimental hypophyses studied.

TABLE 2

Percentages of cell types in male pituitary glands

X0. OF TOTAL NO.

. . A L/ ;
TREATMENT c%x{?x?xﬂ?n gglff;;‘; ACIDOPHILES BAso;ZIJImns cnnom?):;’nonns
None 6 38,489 36.5 =+ 0.64 10.6 & 0.62 52,94+ 0.55
Cortisone in -

pituitary 8 43,092 32.4 =+ 142* 15.9 =+ 2.10* 51.7 = 145
Cortisone in

groin D 33,208 36.1 = 0.93 9.4 + 0.20 54.6 = 1.18
DCA in

pituitary 4 20,123 35.9 % 0.94 10.2 =+ 0.99 54.0 == 0.91

Cell type per cent figures are the means =t their standard error.

I;‘igures followed by (*.) are signifieantly different (p < .05) from the appropri-
ate control values found in the first line of the table (Student’s ¢ test).

TABLE 3

Percentages of cell types in female pituitary glands

NO. OF TOTAIL NO.

TREATMENT GLANDS  OF CELLS 70 ° %
COUNTED COUNTED ACIDOPHILES NASOPHILES CHROMOPHOBES
None 5 732 2 29 5
] 30,732 29.8 + 1.22 7.5 % 0.61 62.7 + 1.60
Cortisone in
pituitary 5 16,768 29.2 # 2,08 13.7 2 1.69** 5731 + 1.37*

Cortisone in

eroin s 04598  30.5 % 2.48 8.0 = 0.38 615 == .26
DCA in
pituitary 1 18330 316 % 1.78 782042 0.6+ 145
Cartisone |
injected
salveat. 5 32117 2002095 134156 56.8 = 1.08°

(F.:.]) type per cent figures are the means == their standard errors
tgures followed by (*) are significantly different (p < 05) fr;)m t1
. ie

ate control values found in the first line of the table {Stude

\ approprj-
** Denotes p < 01, nt's ¢ tC‘St).
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_ (b) Ezperimental. The animals bearing sellar implants
of cortisone present definite morphologic evidence of the in-
fluence of this hormone on adenohypophysial cells. The most
profound changes are to be found in the basophiles. Most
typically, those cells become hypertrophied (fig. 5). In such
enlarged cells, the granulation stains with normal intensity,
but in a few cases these basophilic cytoplasmic granules ap-
pear concentrated, or clumped, throughout the cytoplasmic
matrix (figs. 3 and 4). Most characteristic of the cortisone-
altered basophile, however, is the development of the large
intracellular vacuole (figs. 3, 5, and 8). Usnally only one
vacuole is found in each cell. It is characteristically spherical
and occupies a large portion of the entire cell. The edge of
the vacuole clearly demarcates its interior from the cyto-
plasmic substance and, in most cases, the vacuole is filled
with a light to intensely basophilic hyaline substance. Vacu-
oles which are found in basophiles of the normal gland remain
unaffected by the stain. Such colorless vacuoles are sometimes
seen within the hyaline vacuoles of the cortisone pellet- altered
basophile (fig. 5). The basophile cell which results from
cortisone treatment resembles the ‘‘signet-ring’’ cell asso-
ciated with castration.

The Golgi apparatus of the cell affected in this manner
gives little or no indication of constant alteration (figs. 7
and 8). It appears, however, clearly defined and occupies
a zone of the eytoplasm that is well differentiated and sepa-
rated from the nucleus. The negative Golgi image is fre-
quently observed in Masson stained sections, more in the
experimental than in the normal. The picture described is
found with equal frequency in males and females.

In many cases the sections of anterior lobe present a de-
cidedly basophilic overall appearance. In such instances there
is an abundance of small, lightly basophilic cells which are
here presumed to represent chromophobes that have been
altered to assume at least some staining properties of baso-
philes. Such ecells havé been classified as transitional baso-
philes. It is felt that the chromophobic origin of these cells



STEROID HORMONE EFFECTS ON PITUITARY 195

is indicated hy their size, scanty granulation, and syncytium-
like arrangement. At times, cells such as these seem detaqhed
from their neighbors and appear more definitely as basophiles.

The acidophile shows little effect of the cortisone pellets
placed near the pituitary. In many of these glands, though,
acidophilic granulation is qualitatively reduced. A somewhat
extreme and infrequent example of this observation is to be
found in cells which may retain but a narrow rim of acido-
philic granules around the periphery of the eytoplasm. The
distribution of acidophiles remains normal as far as counld
be ascertained.

There appears to be no tendency of the observed changes
to differ in magnitude, cither qualitatively or quantitatively,
with time; that is, pituitaries taken after 20 days of direct
exposure to cortisone present essentially the same picture
as those exposed for 60 days.

While the pituitaries of animals thaf had been injected
with large doses of cortisone may be said definitely to be
basophilic, the pattern of this basophilia is of the type, de-
seribed above, of the altered chromophobe, cells which are
small and which seem to merge almost imperceptibly with
their basophilic or cliromophobic neighbors. There is no
enlarged basophile comparable to the cell found in the pellet-
freated gland and vacuolization occurs with no unusual fre-
queney; in several seetions no vacuoles at all were observed.
The staining affinity of these basophiles is less than that of
any of the other glands. The degree of granulation of acido-
philes is definitely decreased so that such cells resemble
those found in some of the pellet-treated animals.

In addition to the qualitative changes in appearance of
';)‘“::5‘1!\11?;, ::::}l:gf;llll‘te({]lll‘llﬂflfi‘ii1\'0 ‘nlterati'ons (fables 2 and

may s arized as follows: the proportion of baso-
P’_")?s in ]mth males and females that had received juxta-
eereas ¢ ats with juxtapituifary implants of cor-
fisonet no suceh change was apparent in the females treated
m the same wayv. The ouly other group that showed anv



TABLE 4

Absorplion from steroid pellets tmplanted for periods ranging from 20 to 60 days

INITIAL FINAL MEAN MEDIAN
STRROID SITE OF NO. OF PELLET PRLLET ABSORPTION ABSORPTION
IMPLANTATION PELLETS WBIGHT * “ WEIGIT * RATE RATE
my ny uy/day ug/day
Cortisone Pituitary 8 3.28 = 0.05 0.64 = 0.21 57 £ 5 59
Cortisone Groin 6 2.62 = 0.14 0.68 % 0.21 63 = 4 66
DCA Pituitary 6 2,58 = 0.33 1.15 = 0.35 49 = 7 46
istradiol Pituitary 8 2.21 = 0.19 1.26 #= 0.22 325 26
Cholestorol Pituitary + 4,93 = 0.77 25 % 0.82 26 =13 18

* Bach implant is regarded hore as a singlo pellot, even though several fragments might be included (cither as a result of im-
plantation in that form or from fracture in recovery of the implanted material). Both mean and median absorption rates ealeu-
lated from individual absorptions, initial weight minus final weight/days of implantation,

= Figures are standard errors,
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\
significant alteration in the proportion of either of the chro-
mophilic components was the cortisone-injected female in
which a significant increase was noted in the percentages of
hasophiles.

6. Pelicts. Pellet vesidues were recovered when animals
of each of the several groups were sacrificed. This was not
always possible since many of the implanted pellets were
known to have fragmented during the course of implantation.
In addition, small bits of pellet were on occasion found so
deeply imbedded in the pituitary that their removal by dis-
section would have destroyed excessive amounts of anterior
pituitary tissuc intended for histologic examination.

The estimations based on initial and final pellet weight
differences indicate (table 4) that cortisone was absorbed
to ithe extent of approximately 60 ug per day. The difference
between the amount absorbed from cortisone pellets in the
pituitary as compared with those in the groin was not ap-
preciable. DCA, however, was not as rapidly absorbed, and
esiradiol and cholesterol, respectively, were absorbed still
more slowly.

A characteristic structure was presented by pellet ghosts
which were prepared by subjecting residual pellets, recovered
after 25 days of implantation, to fixation and treatment which
effectively removed all remaining steroid. The most promi-
nent feature here was the extensive pellet capsule (figs. 9
:n‘zd 10). This consisted almost entirely of a dense network
of collagenouns conneetive tissue fibers which completely sur-
rounded the former steroid depot. The sheath formed about
(~holos:tm:ol pellets was considerably thicker and heavier than
fhfll. wlu.ch developed around corfisone pellets of similar
m:‘t::(ll ;:an u;)];li":vcz:gll]t(;i éklgxough' ihe capsula.x» thickness
for cholesterol; {he c;riileo’nl‘ avel‘}bed' proxmately 311
T in ﬂlickn(’ss, e 1‘1-0;1\ qevca.psil‘x e‘ “:Es, on the average,
watoria] mm;ﬁ;](‘r ool {he OT.V. ew strands of noncellular

, ¢ QCross residual lumen, these ghosts

1

Ve no evidence of any internal structure,
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DISCUSSION

It is to be emphasized that in no instance did cortisone or
DCA pellet implantation evoke any apparent effects on the
organs studied, with the exception of the hypophysis. On the
other hand, significant alterations are induced in body organs
following chronic parenteral administration of adrenal ster-
oids (Carnes, Ragan, Ferrebee and O°’Neill, ’41; Winter,
Silber and Stoerck, ’50; Antopol, ’50).

It is generally acknowledged that the effects of large doses
of cortical hormone are mediated by either or both of two
mechanisms. The first is a direct one, that is, the administered
steroid evokes certain definite alterations of the normal met-
abolic pattern, examples of which would be inhibition of
growth, production of negative nitrogen balance, and increase
in liver glycogen deposition. The second mechanism is an
indirect one and involves the intermediation of the pituitary.
Thus, the atrophy of the adrenals of animals treated with
cortisone or with adrenal cortical extract may be attributed,
at least in large part, to blockade of ACTH discharge from
the adenohypophysis. The absence of any cortisone or DCA
pellet effects on general metabolism as demonstrated in the
present work indicates that the quantities of steroids entering
the circulation by absorption from the pellets were small
(table 4) and did not, therefore, exceed the limits of the
“‘physiologic range’’ of cortical steroid coneentration for
the organism as a whole.

Since the secretion of adrenal steroids depends, in large
part, on environmental conditions at any given time (Sayers,
'50; Selye, '51), it is evident that it would be exceedingly
difficult to assess the physiologic level of adrenal cortical
hormone in any ‘‘normal’’ animal, because of the inherent
variability of this factor.

Sayers (’50), however, has estimated in the rat a range of
30 to 400 pg of ‘“‘cortisone equivalent’’ necessary per eucorti-
cal animal per day. On the other hand, in stress the daily re-
quirement may reach 4000 pg of ‘‘cortisone equivalent’’ neces-
sary per animal per day. It is, nonetheless, impossible to



STEROID HORMONE EFFECTS ON PITUITARY 199

caleulate from these figures the daily production of adrenal
cortical steroids, since the rapidity of metabolism of the hor-
mone or its rate of utilization cannot be measured., Although
the figures (table 4) indicating absorption rates are admittedly
crude and not without error as a result of invasion of pellets
by insoluble protein material during the course of implanta-
tion, they are sufficient, nevertheless, to indicate the approxi-
mate amount of exogencus steroid available by absorption
per animal per day.

It may be inferred from the lack of effect on organ weight
and histology that the pellets of cortisone placed next o the
pituitary were not effective in elevating the blood titer of
cortical steroid far beyond that found in the eucortical rat;
but, by virtue of the concentration gradient established around
the pellet, only the pituitary was exposed to abnormally large
quantities of the hormone.

That the reduetion in pituitary mass resulting from corti-
sone pellet implantation in the sellar region is a true one and
not produced by the operative procedures is demonstrated
by the fact that neither cholesterol nor DCA produced
comparable weight decreases. Qualitatively similar pituitary
weight reductions have been produced by large doses of
parenterally administered DCA. (Carnes et al,, ’41) and by
large doses of cortisone (Antopol, ’50).

With such an appreciable loss in pituitary weight, it might
be expected that less irophie hormones would be produzed
b:\' such a gland, approximately only two-thirds the normal
size. Smith (’32) has shown that animals will survive after
partial hypophysectomy with complete maintenance of gonad
ﬂl}'l_:ﬂid, and adrenal cortical function, even after as mucl;
as 1.0% of the hypophysis has been removed. The loss of
1ni‘mtm'y tissue does not attain this magnitude even in the
zu.nn.mls contributing to the lower tail of the distribution of
prtuitary weights. It is obvious, then, that even the subnormal
mnmmfs of anterior pituitary in the females which had borl?e
sellar implants of cortisone pellets were sufficient to main-
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tain a normal level of function in those organs dependent
upon the trophie hormones.

The most striking evidence of alteration of basophilic ac-
tivity was the appearance of the enlarged vacuolated cell
peculiar to the hypophyses that had been adjacent to im-
planted pellets of cortisone. This type of basophile was not
found in either normal animals, DCA-treated animals, choles-
terol pellet-treated animals, or animals that had been im-
planted with cortisone pellets in the groin. It is important
to note that none of the 6 animals which received varying
amounts of cortisone, from 2 to 10 mg daily, by subcutaneous
injection, gave any indication of this qualitative type of baso-
phile alteration. The pituitary differential counts of these
rats indicate, however, a higher incidence of basophiles than
normal, but these were mainly of the transitional type.

The only changes apparent in the acidophiles were quite
variable and of a qualitative nature. Depletion of acidophilic
granulation was seen in the pituitaries of both males and
females that had received sellar implants of either cortisone
or DCA. It is difficult to relate these granular differences
with any disturbance of normal secretory activity because of
the fact that they were found in only a few glands and no
constant pattern of their incidence was discernible.

The altered basophile resulting from the implantation of
cortisone pellets near the pituitary resembles most closely
the cytologic picture produced by castration. The signet ring
cell produced by castration in the rat may be said to represent
an altered delta cell (Halmi, ’50) or gomadotroph (Purves
and Griesbach, '51). The resemblance between the basophiles
subjected to the cortisone field and the signet ring cell of
castration is unmistakable. The two cells are alike in the
extent of the hyaline vacuole, the crowding of the cytoplasm
into a narrow zone, and the peripheral clumping of basophilic
granulation. In the present experiments the picture appeared
after staining by Masson’s method, while Purves and Gries-
bach’s (’51) observations were based on the periodic acid
Schiff method of visualization. Because of this difference in
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{echnical treatment of the pituitary sections, it is not possible
{o state that the two changes are in reality one and the same.
It may be that the similarity is purely fortuitous, since the
implantation of cortisone pellets near the pituitary would
be expected to have the effect of disturbing the ACTH-adrenal
cortical relationship, and the periodic acid Schiff reaction
identifies glycoprotein. Although gonadotrophin is thought
to he glycoprotein (Catchpole, 49), ACTH cannot be regarded
as this type of compound (Li, ’51). Laqueur’s (’51) obser-
vation, however, that both the granular and hyaline material
of the Crooke’s cells in the human pituitary are periodic acid
Schiff positive, suggests that ACTH may be related in some
way {o glycoprotein within the site of its synthesis. The
Golgi apparatus is one of the cytologic features that indicates
a difference between the castration cell and the cells observed
after implaniation of cortisone pellets near the pituitary.
While the castration cell contains an hypertrophied, vesicu-
lated Golgi body which has been interpreted as an indication
of a greaily heightened elahboration of secretion (Severing-
haus, ’37), the Golgi of the basophile resulting from juxta-
pitnitary cortisone implantation does not appear to be very
different from that of the normal. It is suggested that the
alterations observed in the basophiles subjected to cortisone
by diffusion from pellets involve a disturbance in some step
or steps in the synthesis of trophiec hormone(s) which might
eventually lead to a decrease in the amount released from the
adenohypophysis. The mechanism underlying this process
eannof be‘ ide.ntiﬁed, but Severinghaus’ idea of the production
of \'acuol}zn.hon by the force of an abnormal secretory “‘back-
D}ressur(\:’ 1s an attractive one. The absence of detectable
i;i\;::L;;n]Ehe adr’enal' cortex of the animals that had received
setli Plants of’ cortisone pellets may be due possibly to
an x.xmdequ‘ac‘y of the methods used for assessing adrenal
(‘{)(I;t’l‘(':ﬂ activity or to an insufficient degree of inhibition of
ACTIT velease.
o ary series of ACTH assays, performed in an
8 ¥pothesis, did not indicate any detectable
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differences in ACTH content between cortisone-implanted and
untreated pituitaries. Halmi and Bogdanove (’51a, ’51b)
similarly have been unable to demonstrate any significant
change in ACTH content of glands altered either by castration
or thyroidectomy, nor could Golden and Bondy (’52) reconcile
cortisone-induced pituitary changes with demand for endo-
genous ACTH. The suggestion by both groups of authors
that, using available methods, it is difficult to relate adeno-
hypophysial morphology to functional activity is strengthened
by the present results.

It is suggested, on the basis of the available evidence, that
the picture of the cortisone altered basophile in the present
experiments may be the murine counterpart of the alteration
of the human basophile originally deseribed by Crooke (’35)
and recently studied in the rat (Golden and Bondy, 52).

Observations in the present experiments are in agreement
with the findings of Folley (’42) and of Deanesley and Parkes
(°43) that implanted pellets become encapsulated and infil-
trated with a meshwork of protein. While the pellet method
of hormone administration has been limited by the decrease
in absorption produced by connective tissue encapsulation,
most of the available information on ecapsule formation
has been obtained using sex steroids. The growth-inhibiting
properties of 1l.oxygenated adrenal steroids have been
demonstrated in skin and wound healing, and the concept
that growth depression may be caused by local inhibitory
action of cortisone is supported by the findings of Meier,
Schuler and Dessaulles (’50). It may be expected, therefore,
that pellet encapsulation would not develop as a serious deter-
rent to cortisone absorption. While such encapsulation was
not completely prevented by cortisone, it was materially re-
duced as judged by comparison of the sectioned cortisone
and cholesterol pellet residues.

SUMMARY

The relation of the adrenal cortical steroids, cortisone apd
11-desoxycorticosterone to the adenohypophysis has been 1n-
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vestigated by employing the hormonal field approach. The
placing of cortisone pellets next to the pituitary of the male
and female rat produced quantitative changes in the propor-
tions of cell types of the pars distalis. The relative numbers
of basophiles were increased in both sexes, and this has been
atiributed to the increased frequency of transitional baso-
philes. Acidophiles were altered only slightly and variably.

The basophiles were observed to have undergone striking
and extensive alterations characterized by total hypertrophy,
development of large hyaline vacuoles, and peripheral aggre-
sation of the cytoplasmic granulation.

The pituitary itself was significantly reduced in size in
the female only by the experimental cortisone treatment.
There were no detectable effects upon the organ weights and
histology of the several target organs studied. The conclusion
is reached that a cortical hormone field was effectively es-

ablished within the hypophyses that were exposed to corti-
sone pellet implants. '

The degree of development of a conmnective tissue capsule
and ghost by the pellets has been studied and related to the
steroid composition of the pellet.

The present results are consistent with the hypothesis that
the basophile is the cellular source of synthesis of adreno-
corficotrophin. The data support the contention that the

adrenal cortex is primary, relative to the adenohypophysis
. - 3 ,
i the etiology of Cushing’s syndrome. ’
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. PLATE 1

EXPLANATION OF FIGURES

Figures 1-5 are from pituitaries fixed in Helly’s fluid, .sectioned at 4, and
stained by a modification of Masson’s method.

1 Section through typical field of pars distalis of a normal adult male rat.
X 760, '

2 Another area from normal male rat pars distalis. The group of large, darker
cells is representative of normal basophiles; negative Golgi images are visible in
the two larger cells, X 1290.

3 Section through pars distalis of male pituitary that had b4881~1 ‘adjacent to
cortisone pellet for 30 days. Note enlarged basophiles with aggregated granules
and central hyalinized regions. X 760. )

4 Higher magnification of another field of same gland as in figure 5. The
peripheral clumping of basophilic granules is most apparent. X 1290.

5 Section of pars distalis exposed to cortisone for 60 days. Hyaline vacuoles
may be seen within the cytoplasm of the hypertrophied basophiles. Note the
small, unstained, vacuolar spaces within the hyaline substance. X 1290.
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PLATE 2

EXPLANATION OF FIGURES

6 Dorsal view of head of rat that had been implanted with cortisone (C) near
the hypophysis (H). The brain has been removed to expose the hypophysial region.
X 1.33.

7 Section of pars distalis of normal adult male rat, showing Golgi apparatus
of acidophiles (eapping nucleus) and basophiles (separate from nucleus). Champy
fixation, osmium fetroxide for 5 days, sectioned at 3 g, unstained. X 1290,

8 Section from pars distalis of pituitary exposed to cortisone pellet for 50
days. Note large basophile containing spherical clear vacuole (V) flanked by
smaller nucleus (N) and dark Golgi body (G). Mitochondria are abundant.
Champy fixation, osmium tetroxide for 5 days, sectioned at 3 x, unstained. X 1290.

9 Transverse section of cholesterol pellet implanted in groin for 25 days. The
steroid has been removed from this and pellet shown in figure 10 by dissolving
in absolute aleohol. Compare thick collagenous capsule around steroid site with
that formed around cortisone in figure 10. Formalin fixation, Masson stain. X 47.

10 Cortisone pellet implanted in groin for 25 days. This and the pellet shown
in figure 9 were initially of the same diameter. Formalin fixation, Masson
stain. X 47.
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A CASE OF ATRESIA OF THE ILEUM WITH A
DIVIDED KIDNEY IN THE FOETAL PIG

J. ROSS STEVENSON AXD WARREN F. WALKER, JR.
Department of Zoology, Oberlin College, Oberlin, Ohio

ONE FIGURE

Althongh congenital atresia of the intestine in man has fre-
quently been reported (Tobeck, ’27; Bodon, '30; Webb and
Wangensteen, ’31; Cottam and Cottam, ’42; Priee and Chang,
46: and standard texts of human embryology), the anomaly
has seldom been reported in other animals. Stamp (’43) has
deseribed a case of atresia of the ileum in the new-horn calf
and a case of atresia of the colon in the new-born foal, hut
the condifion has never {o our knowledge heen described in
the pig.

The term ““intestinal atresia’ is somewhat ambiguous. It
may refer to cases in which the intestine is merely obstructed,
to caszes in whieh the lumen is occeluded and the gut reduced
in diameter, and to cases in which the intestine is completely
separafed info {wo portions, each portion ending in a blind
sac. All types of atresia have been veported in man. The
cases reporfed by Stamp are of the type in which the intes-
tine is completely separated into two portions. The anomaly
here reported is of this tvpe also.

The :mmn.\ly was discovered in a formalin-preserved foetal
pig of 25 em erown-rumyp length. The duodenum and jejunum
were normal. The ilenm, however, gradually inereased in size
to a civeumference of 5.1 em a few centimelers hefore ending
m a hlind pouch (sce fir. 1). Distal to the break fhe 110um
. o o o s

nued fo the anus with
#uniforn civeumference of about 1 em. Dark hrown meconium
21



212 7. ROSS STEVENSON AND WARREN F. WALKER, JR.

Y S S : F
| N
Fig. 1 A photograph of the abdominal eavity with the intestine arranged to
show the two blind pouches. The lower edge of the caecum has been inked-in for
greater clarity. X 4. Blad., bladder; Caee., caccum; Col., coiled portion of the
colon; Col. D)., descending colon; Duod., duodenum; Il. Dist., distal portion of
ileum; Il. Prox., proximal portion of ileum; Liv., liver; St., stomach.
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occurred in the ileum anterior to the hreak. Posterior to the
hreak the intestine was empty until a point about 3.5 cm
from {he ilcocolie valve. Between this point and the valve
{here were several small bits of yellowish-brown material, and
{he caccum and colon were stuffed with the same material.

The mesenteric blood vessels seemed quite regular, hoth
near {he site of the atresia and along other parts of the in-
{estine. At the point where the atresia occurred, however, a
cleft extended nearly to the base of the mesentery, and the
mesenieries scemed less extensive than usual at both sides
of the eleft. If the broken ends of the intestine were placed
end to end, a cireular space was formed where the mesentery
normally should have extended.

Abnormal kidneys were associated with the anomaly, but
otherwise the specimen was normal. On the left side the kid-
ney was partially constricted in {wo, while on the right side
the kidney was entirvely constricted in two. The anterior por-
tion on the right side was shaped like a tear-drop, flattened
dorso-venfrally and with its apex pointed posteriorly. The
posterior portion on the same side was smaller, laterally flat-
tened, and almost triangular when viewed from the side. The
hase of the triangle lay next to the urethra. These two kid-
ney portions were conneeted by a common, enlarged ureter,
which narrowed to normal size as it approached the bladder.
The blood supply to the anterior kidney portion was normal:
hf)ﬂ) renal artery and renal vein oceurred in the normal posi;
tion. The blood supply to the posterior portion was abnor-
mal, however, Immediately posterior 1o the renal vein men-
tioned above, a renal vein to the posterior kidney portion
.;;‘xinsv 1:1'9111 the po:\:{ caval, This .is \\'l.mt one would expect.

e arfery s.npplymg: fh(\ posterior kidney portion, on the
ittt o o i, T,
tical to the above 00(-111'1‘6(] ;)11 ﬂ;o‘]‘olftmq?. ° Stuation iden-

't side, except that the

two portions of the kidney were closer toeether and conneeted
by 2 band of kidney tissue,
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Unfortunately, case reports such as this give little clue as
to the cause of the anomaly. Stamp discusses the possible
causes and concludes that maldevelopment of mesenteric
vessels may have caused both his cases. Our case is very
similar to his and may be due to the same cause. The exis-
tence of an incomplete mesentery further suggests a deficient
blood supply. It is not known whether the divided kidney is
a related or an independent anomaly.

SUMMARY

A case of atresia of the ilewm, in which the two portions
of the intestine are completely separate, is reported. A di-
vided kidney in the same pig is reported also.

We wish to thank Mr. Arthur E. Princehorn, Oberlin Col-
lege Photographer, for taking the photograph shown in fig-
ure 1.
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THE EFFECTS OF LOW PHOSPHORUS DIET AND
HYPOPHYSECTOMY ON THE STRUCTURE
OF COMPACT BONE AS SEEN WITH
THE ELECTRON MICROSCOPE

E. P, BARBOUR AXD S. F. COOK?
Department of Physiology, School of Medicine, University of California, Berkeley

FOUR FIGURES

In a former paper (Barbour, ’50) it has been shown that
{he minute structure of compact bone is made up of a consist-
ent honeyeomb-like pattern which is represented by light
arcas surrounded by dark walls. The light spaces seemed to
be cuboidal or hiexagonal in shape. More recently, R. A. Rob-
inson reported similar findings in the abstracts of the third
Conference on Metabolic Intervelations (I. C. Reifenstein,
Jr., editor, *51). He has further analyzed the electron micro-
graphs with special attention being directed toward the erys-
tals of hydroxyapalite, which his electron micrographs are
said to show. In collaboration with S. B. Hendricks and with
the aid of x-ray diffraction studies, he has constructed a
erysial lattice which he considers representative of the hasic
structure of compact bone. Robinson’s method of specimen
pl‘u}v)m'.:\timl involves the use of agitation and blending with
2 Waring Blendor and the application of high pressures with
an antoelave in order to produce the thin (less than 1 thick)
b().m* specimens whieh are needed in electron microscopy. By
i‘}f:::n?l:c‘,::(::fl(15:(11\10: ;10\:51](:‘«?111;11%2: which show erystal-like

u : s of the so-called ervsfals.
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The micrographs presented here (figs. 2, 3, 4) as well as
those previously published (Barbour, ’50) are identical with
Robinson’s but show the intact or bundle arrangement of the

Fig. 1 Schematic representation of the submicroscopic pattern of compact bone
as seen when the eleetron mierograph (megative) is examined under the low power
of a light microscope. M-M, middle to middle measurement; D, dark area meas-
urement; L, light area measurement.

structure which he designated as erystals. According to Scha-
fer (’29), the smallest structures clearly visible with the ordi-
nary optical microscope are the canaliculi (0.3 p); the largest
structures seen in the present electron micrographs are about
0.0225 p. It becomes obvious that the minute pattern seen here
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is the most basice structure vet demonstrated, or the first huild-
ing block of bone as we know it in general histology. It is this
pattern, then, in which pathological variations are to he sought.

Electron micrographs of compact bhone *

The clectron micrograph positive prints of compact hone
which are shown in figures 2, 3, and 4 represent enlargements

Ls

S 0 Kl . . ‘0 .
Fig, 2 Electron mic rograph, positive print, of compact hone taken from th
femur of 2 one year old normal control rat. 28,000 . ¢

ab 25,000 times the actual specimen diameters,

. It is emp]

Rize . It - ! : D
sized tl'mt the prints have been made from the original elec
tron micrograph now; Y :

ratives which were themselves S,000 times
flw fctual specimen size. Under these printing conditi i
1 difficult to bring out the fine detail and clagtv that 0’3? n-
on the nesatives themselves, Consequently, in ;)l'de(r I,

o the n ‘ to ob-
Wamean idea of the actual pattern which may

reprezent {he

1 well presentnd by

Ty e:
DYotniled inforpee:
chabed informntion g the el ctren micraseope

RIS 35 DPRS IS ST .
RN R nng W vehoft (a0, Burton
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basic structure of compact bone, measurements were made
from the electron mierograph negatives, using the low power
of an ordinary light microscope, a 6 X eyepiece, and a mi-
crometer disc.

.

Fig. 3 Electron microgfaph, positive print, of compaet bone taken from the
femur of a one year old hypophysectomized control rat. 28,000 X.

Fig. 4 Eleetron micrograph, positive print, of compact bone taken from the
femur of a ome year old growth hormone treated rat. 28,000 X.

This procedure is considered more accurate than measur-
ing the positive print itself. Still, it must be realized that a
comparatively large error is possible. There are three rea-
sons for this error. First, we note that the results are ob-
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tained as a consequence of subjective observation and meas-
arement. That is to say, the observer’s constancy in methqd
is depended upon for accuracy in measurement. With this
factor in mind, 2 minimum of 30 measurements was made
from each micrograph. Of each bone specimen an average of
5 micrographs was taken. -

A second possible source of error lies in the choice of points
for measurement. Here the observer has exercised great care
in selecting random areas for this purpose. In the third
place, it is well known that when any histological section is
made there appear certain areas which seem to be alike yet
which have different dimensions within the section. This stems
from the fact that the section has probably been cut at an
angle. Therefore, our level or method of cut is important. It
is essential that the observer be as impartial as possible in the
choice of areas to be measured and that a large number of
observations be made in order to minimize these errors.

The actual measurements were of three types. The first,
the middle to middle measurement (M-M) represents the dis-
fance from the middle of one light area to the middle of an-
other. Light arca measurements (I.) represent the diameter
or width of this particular area. Dark area measurements
(D) represent the width or distance between light spaces. Ex-
tensive areas of darkness on the print (or lightness on the
micrograph) are considered to be regions which are too thick
to allow electron penetration. On the other hand, where
areas of lighiness and darkmess show up as part of the
pattern itself, it is reasonable to assume that there is no ob-
structive thit_:kness but rather that some type of less pene-
h':ﬂ.)h.z material is present. Discussion of the possible com-
posifion of {hese areas may be left until later.

Care of antmals

Rats of the Long-Evans strain were obiained at 21d
age and were cither hypophysectomized at this
tnined on growth hormone, or both hypophy

ays of
age, main-
sectomized and
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given growth hormone therapy starting at 21 days. Adequate
control series were also maintained. A thin wet mash of a
modified MeCollum’s formula was used as the standard diet.
All animals were injected intraperitoneally. The control ani-
mals for the hormone treated series were injected with 0.9%
saline solution. The growth hormone treated animals received
12.55 mg of growth hormone over a period of 21 days. This
dosage is known to have been effective (Ulrick, ’52). The
femurs were removed at sacrifice, cleaned, and permitted to
dry without further exposure to solvents or preservatives.
The hypophysectomies were performed according to a modi-
fied Smith technique (’30). The phosphorus deficient animals
were maintained on a low phosphorus diet modified from
Coleman et al. (’50). All normal control animals were fed
ad lbitum on the standard Green Diet 14 (Institute of Hx-
perimental Biology, University of California, Berkeley). The
young control animals, however, were given the standard
weanling diet from the Institute of Kxperimental Biology
(White Diet I) in the form of a wet mash. It has been shown
that newly weaned animals prosper well on this type diet.
It should be noted that the animals hypophysectomized at 50
days were sacrificed only 11 days after operation. This was
necessary because of the short survival time of the majority
of animals in this group. It was not possible to attribute the
high mortality rate to any definite physical factor.

Preparation of specimens

Specimens were prepared for electron micrographic study
as follows. Hach femur was air-dried after removal at au-
topsy and, although most of the attached periosteum and mus-
cle had been previously removed, all bones were again cleaned
by washing and external seraping. The bones were cut cross-
sectionally and all marrow was removed. The shaft of each
bone was cleaned internally by washing and scraping. Pre-
viously we used a method of wedge chipping of the bone in
order to obtain small sections (’50). In that case, a sharp
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scalpel was found to produce some sections that \ivere ttl?ln
enough for electron microscope SthY- In the presen md—l
stance, however, we have modified th}s method.and have foup
that not only more numerous and thinner sectlo_ns are obtain-
able, but that the micrographs here are more sat1§facto1'y. Th.e
majority of these sections are thinner and permlfc more detail
in the micrographs. '

The present technique involves grinding pieces of bone
which have been cut from the approximate center of the fe;—
mur shaft in the cross-sectional plane. Grinding of the specl-
men is accomplished by use of a mortar and pestle while the
specimen is immersed in a small amount of distilled water.
Transfer of the specimen suspension is made from the mor-
tar to individual clean, dry containers. Distilled water is nsed
as a transfer medium and all containers are sealed imme-
diately tfo prevent contamination. A small quantity of the
suspension 1s pipetted onto the electron microscope screen by
means of individual clean pipettes (for preparation of the
screen see below). These screens are placed in separate con-
tainers, sealed, and used as soon as possible after prepara-
tion. 1t should be remembered, however, that all sereens must
be dry when placed in the electron mieroscope. For this rea-
son the sereens are placed on absorbent paper during sus-
pension transfer and similarly pieces of absorbent paper are
placed in cach of the individual containers. Experience has
shown that an excess of liquid will often harm the delicate
parlodion film which covers each sercen. For this reason ex-
h‘emf) caution is observed when pipetting the specimen sus-
pension onto the sereens and preecautions are taken against
allowing any liquid to remain standing on the sereens.

Preparation of screens

‘{:}ch fcereen 1s approximately one-quarter inch in diameter
and is 1}mde of a wire mesh containing about 400 meshes per
rquar -

quare weh. Tt has a concave and a convex side, The sereens

are eleg : - i ion i
re eleaned they oughly by immersion in amv] acetate (stand
- < -
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ard purified solution) and then are washed repeatedly in dis-
tilled water. A 2% parlodion solution is prepared from par-
lodion strips and amyl acetate together with a small quantity
of ether to hasten solution of the.cellulose. Approximately 8
to 10 drops of this solution are placed on the surface of dis-
tilled water, which is contained in a bowl measuring about
10 inches in diameter. The parlodion spreads out over the
surface of the water and creates a film which is estimated to
be about 100 A in thickness. Attention is given to the par-
ticular side of the sereen which comes in contact with the
film, i.e. whether it is the convex or the concave side. The
techmician is careful to be consistent in the side of the sereen
which will be covered by the film because the specimen should
be placed on the film covered side of the sereen. Caution
exercised in this step avoids much confusion later. From two
to 4 sereens are usunally placed side by side on the film sur-
face. An ordinary histological slide is then placed over the
sereens and the surface of the film. The slide is forced down
into the water, turned over while submerged, and then with-
drawn. It can then be seen to support screens which are
covered only on one side with the parlodion film, the other
side remaining in contact with the slide. These preparations
are placed in dust-free containers to dry. Kach screen is
used for electron microscopy as soon as possible after it has
been prepared and dried. The latter precaution is taken in
order to eliminate the possibility of overdrying and therefore
the possibility of excess tension developing in the film. Such
tension would allow the film to break more readily when ex-
posed to the bombardment of electrons in the electron miecro-
scope. The specimen-covered screens are placed in individual
containers and transported to the electron microscope.

It is expedient to exercise great care in handling all elec-
tron microscope preparations, particularly with reference to
contamination. It is essential, therefore, that control slides
be run in conjunction with all true specimen preparations.
This procedure has been followed in all cases presented here.
Blank sereens were subjected to laboratory dust or contamina-
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tion and were run along with the true preparations.  All steps,
including application of distilled water, were followed with
the exception that no specimens were actually place:d upon the
sereens. In the case of the control screens no artlf.acts were
observed which in any way resembled pictures derljed from
the true specimen preparations. '

RESULTS

As noted previously, electron micrographs of compact
bone show a consistent honey-comb pattern made up of light
electron-opaque areas surrounded by dark electron-penetrable
walls.

Tlectron micrographs made from normal control animal
material show the fundamental pattern as presented above.
The consistency in size of the structures fundamental to this
pattern can be seen if reference is made to the data presented
in tables 1 to 4. In these tables each group of observations
numbered as animal, or specimen nos. 1, 2, and 3, repre-
sents the average of 30 measurements taken from the miero-
graph of a separate specimen. Standard deviations (=) are
also shown.

The measurements which constitute the experimental data
are given in tables 1 to 4. From these measurements, the fol-
lowing conclusions can be drawn. '

(A) The middle to middle measurement tends to increase
\\:ith increasing age of the animal ({ables 1, 2, and 3; par-
ticularly table 1).

. 331 ;l;ﬁi ;neas):n;elme;ts c?er‘ivgd‘ fr?m t}le low Pllosphorus
dmﬂ‘!‘fgr o lzsr( al) e t)‘ 21119 .mtellestmg in the light of the
There 1o oo ;n:}f contu{. ﬁz:n{ma S 9f the same age (tabl'e 1).
1’10215111‘0\11110111;.0?1‘: I;‘can1 differ ten.ce n the middle to mldc.lle
and 61‘ the normf;l 1::111{: s 1mﬂl}1 allned - IOX.V phosphorus diet
tinet variation ix; ﬂfe silo énlma s. There is, however, a dis-

Gl varu ze of the dark are
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TABLE 1

Normal control animals

Measurements presented in Angstrom units (A)

D

A
ANIMAL DISTANCE FROM B c DIAMETER B
p ¢ 2 WIDTH OF B AS PER D AS PER
(irout Typo xo- AIDDLE OF DARK ATEA CENT OF A OFA%IF;Q:IT CENT OF A
LIGHT AREA
1 21 day 1 145 + 3.3 70 2= 2.0 48 77 = 2.5 53
21 day 2 133 + 2.9 66 == 1.6 49 67 = 24 49
21 day 3 159 += 3.5 73 £ 2.9 46 87 = 2.5 54
2 50 day 1 209 + 3.5 101 = 4.6 48 108 £ 2.9 52
50 day 2 181 =+ 4.4 80 = 3.1 44 101 + 3.1 56
50 day 3 172 #- 3.8 78 # 3.8 45 95 = 2.5 55
3 1 year 1 212 = 5.0 97 &= 4.1 45 115 = 2.5 55
1 year 2 204 = 4.6 100 = 3.7 49 104 =22 51
1 year 3 200 =46 100 % 5.0 50 100 + 3.1 50
TABLE 2
Hypophysectomized animals
Measurements presented in Angstrom units (4)
ANIMAL DISTANOR FROM B o b E
arovp No. MIDDLE T0 WIDTH 0¥ B AS PER DIAMETER D AS PER
Type MIDDLE OF DARK AREA CENT OF A OF LIGHT OENT OF A
LIGIIT AREA AREA
1 21 day 1 150 = 4.8 67 £ 2.5 44 83 =25 56
21 day 2 164 += 4.0 78 £ 3.1 47 87 = 24 53
2 50 day 1 198 = 4.0 77 %= 2.9 39 121 + 3.3 61
50 day 2 200 * 4.0 77 X 2.5 38 123 + 3.5 62
3 1 year 1 211 = 6.6 100 #: 4.6 47 111 + 3.1 53
1 year 2 203 = 4.8 100 =+ 3.7 49 103 + 24 51
1 vear 3 205 =55 96 X 5.0 46 108 +~ 3.3 54
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light areas is seen. The middle to middle measurements again
seem to be related to the age of the animal, increasing with
increasing age.

(C) The data in table 4 indicate a possible decrease in
the middle to middle measurements of hypophysectomized
animals, group 1, over those of the normal control animals
of this series, group 3. Such a suggestion was not verified in
later studies (table 2). There was no significant variation in
the measurements taken from hypophysectomized controls,
normal controls, normal animals on growth hormone therapy,
or in hypophysectomized animals on growth hormone therapy.

DISCUSSION

The structures visible in electron micrographs of compact
bone range in size from 0.0048 y to 0.0212 p. This is far-below
the range of structures visible in histological sections under
the light mieroscope. The fine canaliculi are among the small-
est elements seen in bone under the ordinary light microscope
and these are about 0.3 p in diameter.

It seems reasonable to assume that the dark areas seen in
the submicroscopic pattern represent the inorganic constitu-
ents of bone. There are two reasons for such an assumption.
First, we note that the dark areas are continuous throughout
the bone pattern, whereas the light spaces are discontinuous.
Since bone is such a hard supporting structure, it seems logi-
cal that its frame should consist of rigid inorganic material
rather than semi-liquid discontinuous organic elements (As-
cinzi, ’50; and Clark, ’81). Secondly, a very significant de-
crease in the dimensions of the dark areas is noted when
there is a dietary deficiency of phosphorus. This deficiency
probably causes a diminution in the parts of the bone which
are inorganic in character.

If the dark areas are composed of inorganic material, it
seems reasonable to assume that the light areas are con-
cerned in some way with the organic components of bone.
They may actually represent organic material or they may
be cavities which at one time contained organic material.
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Age studies indicate that there is an increase in1 ﬂl‘e middle
to middle values with age. This means that there 11s ]?t cor-
responding increase in the amount of both dark and 1§:§ ns}?-
terial with age. That is, all the measurements made from the
older animal micrographs are consistently greater than those
taken from the young animal micrographs. The amount.of
dark and light material, however, remains consiganic relative
{0 the middle to middle measurement. This may 1nd1<3.at.e that
the growth or maturation of hone inv91ves an a@dltlon (?f
both organic and inorganic constituents in the snbmicroscopic
structure even throughout maturity (Strobino and Farr, 49;
or Dawson, ’21). Hence, bone which has been formed early in
life may be modified as the animal ages, not only structurally
as seen histologically but also continuously at the molecular
level. Such an hypothesis emphasizes the concept of a dy-
namie equilibrium existing in bone even in its most funda-
mental mineral structure. This is corroborated by Logan and
Lewis (’39).

Growth hormone therapy in rats causes an inerease in the
overall length and weight of long bones as well as elevated
body protein nitrogen and phosphorus levels. When the strue-
tures visible in electron micrographs of compact bone are
measured, however, there is no significant difference in the
values derived from normal-growth hormone treated animals
and those from the normal controls. Since this hormone dos-
age is known to have been effective in the body generally, we
assume that growth hormone has no effect npon the sub-
microseopic structure of bone.

Flectron micrographic studies were performed on hy-
pophyscctomized-growth hormone treated animals. There
was a slight increase in the middle to middle measurements
of hypophysectomized-growth hormone treated animals as

compared with the normal-growth hormone treated animals,
T'}ns difference was not great enough, however, to allow a defi-
nite conclusion and the need for mor

¢ extensive study is indi-
eated,
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In conclusion, it is evident that whereas both hypophyseec-
tomy and administration of growth hormone induces elear
effects with respect to the overall increase in size of bones,
neither causes a significant change in the submicroscopie strue-
ture.

The electron micrographic picture derived from animals on
an extremely low phosphorus diet shows that there is a pro-
nounced decrease in the amount of dark material in the bone.
We assume that the dark areas represent inorganic material,
as previously discussed. Therefore, the effect of phosphorus
deficiency is to reduce the amount of inorganic material pres-
ent even in the submicroscopic pattern. These micrographs
show a corresponding increase in the dimensions of the light
areas. A reciprocal relationship is evident.

In order to substantiate the assumption that even the funda-
mental pattern is affected by phosphorus deficiency, we must
consider the two effects of this deficiency. The first is to re-
duce the mineral intake of the animal to a point where there
is not sufficient material present to supply the needs of the
forming bone, therefore, the new presumptive bone remains
unmineralized and is called osteoid. In other words, the tis-
sue itself is formed just as bone is formed except that little
or no mineral is deposited in it. If the bone sections used in
the present investigation were actually derived from areas’
where osteoid was paramount, it seems evident that the funda-
mental pattern would show considerable reduction in the dark
areas (as above). The second effect of an extremely low phos-
phorus diet is to canse demineralization of preformed bone.
This occurs in order to provide mineral elements for the
support of growth and proper function in the soft body tis-
sues. If such a process of demineralization is charaecteristic
of the whole bone, it is readily apparent that the fundamental
structure would itself be altered. The electron micrographic
picture, therefore, is a result of either one or both of these
processes. Young bone changes may be most reasonably con- .
sidered dependent upon the formation of osteoid. Older bone
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changes are probably more easily related to the process of de-
mineralization which is seen in phosphorus deficiency.

SUMMARY

1. Electron micrographs were made from thin chips of com-
pact bone. The specimens studied were: (1) nom.lal control,
hypophysectomized, and low phosphorus diet animals fror.n
{hree age groups— young, young adult, and old adult ani-
mals; (2) normal controls, hypophysectomized-normal, hy-
pophysectomized-growth hormone treated, and normal-growth
hormone treated animals.

2. All specimens show a similar and consistent pattern
which resembles a honeyeomb with light spaces surrounded by
dark walls. The light spaces seem to be round or cuboidal in
shape. This pattern is considered to represent the fundamen-
tal structure of compact bone.

3. The dark areas probably represent the inorganic com-
ponents of compact bone.

4. Bone materials taken from animals maintained on an
extremely low phosphorus diet show a distinet reduction in
the presumptive inorganic components of the fundamental
pattern.

5. Growth hormone seems to have no effect upon the sub-
microscopic pattern of bone.

6. Hypophysectomy does not influence the fundamental pat-
tern of hone significantly.

7. Age studies show that there is a distinct size change in
%he submicroscopic pattern of animal bone with time. This
indicates that the growth or maturation of bone may involve

a long continued inerease in the bone constituents even in this
fundamental structure.
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TESTICULAR DEVELOPMENT IN THE
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TWENTY-EIGHT FIGURES

An analysis of normal testicular development in the rhesus
monkey, Macaca mulatta, was undertaken in order to provide
hasic data for the interpretation of changes brought about
experimentally by the action of gonadotrophic hormones in
the immature animal. An obstacle to the effective use of the
monkey for this purpose has been the lack of exact knowledge
of the developmental status of the testes of animals of known
ages, so necessary as a foundation for any experimental work.
Tiven in isolated experiments, normal control animals of the
same age raised under the same conditions at the same time
are rarely available for the monkey. No colony is large enough
to .supply such paired animals in sufficient numbers. Rarely
15 11 possible even to obtain animals of known age, while litter-
mates are out of the question since no male twins have thus
far been reported. Purchased animals, which are ﬂsually of
mﬂm_own history, although of the same body weight and ap-
proxmmate appearance, may be very different in age and
sexual development. It is true that certain observations help
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TABLE 1

Development of lestis of the monkey, Macaca mulatle. Sequence of changes correlated with age

SEMINIFEROUS
AGR OF MONKEY TESTIS TUBULE TESTICULAR DIFFERENTIATION
) : LENGTI DIAMETER
cnt micrae
Fotal life;: 72 d. 0.04 70~ 80 Few spermatogonia present; Sertoli nuelei basal; Ley-
154 4. 0.06 dig cells differentiated.

Birth to 3~% mo. 0.75 50~ 60 Regression of Leydig and Sertoli cell differentiation;
Sertoli nuclei no longer basal.

8 mo, to 1 yr, 3 mo. 1.10 50— 60 Inerease in spermatogonia.

1 yr. 3 mo.-2 yr. 7 mo. 1.10-1.60 50~ 60 Relatively little advance.

en, 2 yr. 7 mo, 2.0 50~ 60 Leydig cells epithelioid, not mature; Sertoli cells in-
erease in number.

e, 2 yr. 9 mo, 2.0 70-100 Sertoli nuelei move hasally; oceasional spermatocytes
appear,

2 yr. 10 mo.~3 yr. 2 mo. 2.2 100--150 Spermatids appear and a few differentiate to sperm;
Leydig cells mature.

3 yr~3 yr. 5 mo. 3.00 150-200 Sperm; tubules filled with debris.

Jyr. 5 mo~4 yr, 3.25 200-250 Spermatogenesis complete. Tubules orderly and free of
debris.

from 4 yr, 4.00 250-300

Fully active.

GEG
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in establishing the probable age. Body weight and body
length (sitting height) may be compared with known growth
curves, and roentgenograms with the normal standards ‘of
skeletal differentiation. Dental age is somewhat more easily °
determined and applied (Hurme and van Wagenen, 53).
However, both dental and osseous development are of value
only when significant steps in differentiation coincide with
those parts of the life span which are of interest in a particu-
lar experiment.

I{ remained essential for the work with gonadotrophins to
establish the age at which critical changes oceur in the testis,
and the sequence and duration of each developmental phase.
Material suited for this study has accumulated since 1935
from the monkey colony established in the Department of
Obstetries at Yale University. The colony is an inbred group
of rhesus monkeys (Macaca mulatta) now in its sixth genera-
tion. Histological preparations from hiopsies and autopsies
were studied from 40 male monkeys of known age, from fetal
life to eleven years. Table 1 gives in outline form the eritical
periods in growth and differentiation of the testes.

Figure 1 (deseribed below) is based on serial observations
of body weight and {estis length of animals born and raised
in the colony. Of a total of 24 normal untreated animals
studied during the first year, 15 were followed through the
sccond year, 14 through the third year and 12 to the end of
the fourth year. The smaller numbers in succeeding years

menns only that these normal monkeys were allocated to
experiments.

OBSERVATIONS

Fetal development. The testicular tubules before birth are
.::hll short, are only slightly coiled and are separated by much
n'\tersﬁﬁal tissue. However, both tubular and inter’.cubular
tissue show evidence of early differenti

ation. 'Th
development exceeds th e degree of

at attained for months or even
developm : ears
after birth, being almost comparable to that of 'chey
adolescent testis. At 90 to 110 d
are widely separ

pre-
ays of fetal life the tnbules
ated by abundant interstitial tissue (figs. 2

e y
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19 and 20). This tissue consists for the most part of small
epithelioid cells, which, though not so large as in the adult,
are recognizable as Leydig cells. The tubules of the testes
at this time are short and only slightly coiled but are larger
in diameter (70-80 p) than after birth. The Sertoli cells have
acquired morphological features which are here interpreted
as differentiation. The cytoplasm is abundant and filamentous
and extend across the lumen; the nuclei occupy a peripheral
or basal position in the cytoplasm.

The presence of abundant interstitial tissue (identified as
Leydig cells) has been described in fetal testes of both the
human and the horse (Bouin and Ancel, '03; Cole et al., ’33;
Gillman, ’48) and has been correlated with the increased
amounts of gonadotrophin present in the maternal blood of
these species. Since chorionic gonadotrophin has been re-
ported in the urine of the pregnant monkey (Hamlett, ’37),
it is reasonable to attribute to this agent the Leydig cell growth
and differentiation in the fetal monkey testis.? The descended
testis characteristic at birth of both man and monkey has also
been correlated with intrauterine action of gonadotrophin
(Engle, ’32b; Wislocki, ’33).

Post-natal regression. Actual regression in the develop-
ment of the testes occurs after birth (figs. 3 and 21). Af birth
the Sertoli cell differentiation is still present and nuclei are
basal. The interstitial cells have decreased in size and proba-
bly in number. Figure 21 shows, especially by comparison
with the fetal picture in figure 20, the more closely packed
tubules at birth. This regression is most pronounced within
the first 3 months and resumption of development may not
become evident before 9 months to 1 year 3 months (figs. 4,
5, 6). The diameter of the seminiferous tubules decreases to
50 p and does not increase appreciably during the first year,
still measuring between 50 to 60 p at 1 year 3 months' (fig. 7).

*Evidence will be given in a paper devoted to the effects of 'izptérstitial cell
stimulating gonadotrophins in the prepuberal male monkey that differentiation in

the Sertoli cells is also due to the chorionic gonadotrophin. Engle (’32) shows
this change in his illustrations,
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The tubules grow in length, however, and become more €ON-
voluted, accounting for the increasing size of the testis. .The
Sertoli cells lose the eytoplasmic differentiation attame.d
during intrauterine life, and the nuclei of these cells again
come fo fill the lumen of the tubules. These and a relatively
few basally situated spermatogonia are the only cells present
in the tubule. Differentiated Leydig cells disappear. Within
3 or 4 months (figs. 3, 4 and 5) after birth, the intertubular
spaces have hecome narrow and the tubules are closely packed
{ogether. The only intertubular cells which remain, except
for a few flattened endothelial cells, are inactive Leydig or
capsule cells with small dark staining nuelei, which lie very
close together and surround the tubules in 1 or 2 concentric
layers. _

Beginning differentiation. The regression in differentia-
tion of tubular and intertubular fissue may be attributed to
the withdrawal at birth of maternal hormone influences. There
supervenes a period which lasts through most of the first
vear, during which tubules are not elaborated cytologically,
though they lengthen and become more convoluted. The tu-
bules at this time characteristically contain only Sertoli cells
and scaltered spermatogonia. Intertubular tissue is scanty
and Leydig cells are not distinguishable. Early in the second
vear spermatogonia become more numerous, forming a con-
tinuous basal layer in some tubules. The multiplication of
.::permatogonia sometimes becomes obvious at 11 months, and
1s more evident still between 1 year 3 months, and 1 year 9
months (figs. 7 and 8). These cells are larger, more rounded
and possess more abundant cytoplasm than the previously
seen primitive sex cells.
],\-A-glt-}}(::‘,illntzf()::flﬁglfs })md bfzgw;m to itllllcrease slighﬂy in size
betwoen 50“:111 3 GOk: q‘l‘lge“f '?)nm; 8 ﬂ‘ley’_stﬂl measured
venehed only 70 1o S‘O’ ‘ e o v - years (. months. they

A p, corresponding to the diameter in late

futs i i
tetal Jife (compare fig. 3 with figs. 9, 15 and 16). Tt is more -
difiicult 1o assess the inerease in tubule length which un-



236 G. VAN WAGENEN AND M. E. SIMPSON

doubtedly occurs. Some indication of this is the gradual
overall increase in testis size (table 1 and figure 1).

For an entire year, extending through most of the third
yvear of the individual’s life, no appreciable further advance-
ment in differentiation of the germinal elements of the tubules
takes place (compare figs. 8, 9 and 11, 12). The next phases
in development concern the Sertoli and the Leydig cells.

Grams
8000k

7000}

6000

5000

Fertile

Tubule growth slow
Central Sertoli nuclei

[ et eee e

4000L Sperm

3000
3
2000
2
1000 !
. -t 1 A 1
| 2 3 4
Age in Years

Fig. 1 Testis length correlated with body weight and age of normal control
rhesus monkeys from the colony at Yale University School of Medicine. The
serial observations were based on twenty-four animals through the first year.
Allocation to experiments reduced this number to twelve at end of the fourth year.
The histological observations were based on serial biopsy and autopsy of 40 male
monkeys of known age.

Differentiation of Sertoli cells. At 2 years 7 months, when
the tubules have reached 70 to 80 u in diameter, multiplication
with differentiation, of Sertoli cells oceurs. The increase of
Sertoli nuclei may be very conspicuous. The enlarging tubules
are filled with these nuclei before the differentiation becomies
pronounced (fig. 9). The nuclei enlarge and become pear-
shaped with indentations, the chromatin is scattered, and
there are one or more prominent nucleoli. The cytoplasm
increases in amount, becomes filamentous and stretches across
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to fill the lumen of the tubule. The nuclei come to lie more
and more basally (figs. 10, 13, 15 and 16). ]

Differentiation of Leydig cells. Accompanying the differ-
entiation of Sertoli cells, between 2 years 7 months and 2
vears 9 months, the tubules become less crowded within the
tostis. The vascularity of the intertubular tissue is increased
and the tissue fluid increases. At this time, differentiation of
‘nterstitial cells occurs. They enlarge and become rounded
(epithelioid). Although not fully mature, at 2 years 9 months,
they are now definitely recognizable as Leydig cells (fig. 10),
apparently differentiated from ecells hitherto arranged in
layers around the tubules. Proliferation from encapsulating
cells can be seen in illustrations from the fetal testis (fig. 20).
This subject is further developed and illustrated by Simpson
and van Wagenen (’53). The small, elongated, dark-staining
nueclei of eapsule cells enlarge and become rounded; the
chromatin scatters and the nueleus therefore becomes light-
staining. One or sometimes two prominent nucleoli appear.
Abundant vacuolation in the peripheral part of the cytoplasm
is characteristic of the Leydig cells of the mature testis but
is not commonly scen in animals that have recently matured.
The number of Leydig cells recognizable by these eriteria in
normal mature animals is surprisingly small; they form
clhunps usually containing no more than 2 to 5 cells and rarely
10 to 20.

Differentiation of germinal elemenis of the fubules. The
appearance of primary spermatocytes marks the onset of
activity in the germinal elements of the tubule which will
1:(\:\1(:‘ T}:g;};}l}jo(z;ggti(()m.;n(IISelta\)'ettz]lIGQtli;fal's 7 months and' 2
| s (hgs. 9 ¢ ule diameter has in-

Tmshi ¥ thenr size, position and distribution of chro-
:":j)\l":\-t‘::plt-l\‘fmﬂ“{'mn0’ appear in. the meshe’s of the Sertoli

) dsm. No open lumen is present in the tubule at

s 3 m .

this time. The first formed spermatocytes undoubtedly des.
‘(uamate, or degenerate, and their number does not inerease
mimediately (figs. 13, 15, 16). Only a few seattered primary
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spermatocytes were found in tubules of four animals between
2 years 9 months and 2 years 10 months of age. After 2
years 10 months, spermatocytes begin to accumulate in great
numbers in the tubules and succeeding stages of development
then follow rapidly (figs. 14, 17).

A series of four biopsies from the testes of Mm 642 illus-
trates the intratubular development from the quiescent pre-
puberal state to the formation of spermatocytes (figs. 11 to
14). Adequate material is not available to support general
statements. However, it is seen in this animal that 4 months
elapsed between the assumption of a basal position by the
Sertoli nuclei and the formation of the first spermatocytes.
Three weeks later the number of spermatocytes had inereased
but no further differentiation of cell types had occurred. In
a second series of biopsies (figs. 15 to 18) from another ma-
turing animal, Mm 282, the first testis sample was taken after
migration of the Sertoli nuclei and the aceompanying tubule
enlargement; the last sample was taken when fully formed
sperm were present. The entire period covered 10 months.
At the end of the first 43 months the only advance to be seen
was an oecasional germinal cell, lying central to the Sertoli
cell layer, in which a spireme was forming. The final organi-
zation of the seminiferous tubule with clearing of the lumen
is shown in 3 stages for the monkey Mm 686 in figures 23 to
25, and the age span covered was from 2 years 10 months to
3 years 5 months.

Spermatids and sperm were first seen in the testicular tu-
bules at 2 years 10 months, but in other animals this degree
of development was not noted until 3 years or 3 years 6 months
of age. Spermatids appeared when the tubules had attained
a diameter of 100 to 150 . A comsiderable time appears to
be consumed in the final ripening to form the sperm. The
slender sperm tails, even after they have become elongated,
remain for a time difficult to stain. During this terminal
ripening phase, from the end of the third year to the middle
of the fourth, desquamation of cells in all the later stages of
development is occurring and the tubule lumen is packed
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with debris (figs. 23 to 25). By the time the tubules are open’ed¢
and eleaved of all debris the diameter of the tubules has In-
creased to 200 y and the cells of the stratified epithelium are
arranged in more orderly fashion (figs. 26 to 28). Fully
mature tubules at the height of activity measure 250 to
300 p.

Lacking monkeys of known ages, experimentalists hereto-
tore have classified males simply as immature or mature.
Body weight has been the useful index in such classifications,
and where the reports have been accompanied by illustrations
of the testes, the histology and body weights have agreed
well with the data here presented (Engle, ’32a; Smith, ’38
and ’44). Hartman (’32), who maintained males of known
age, reported sexual maturity as occurring within the upper
limits here assigned. Pigure 1 shows the correlation between
hody weight, testis size and age of the monkeys used in this
study. In all instances the measurements of the testes were
found to give a reliable index of the tubular diameter and
differentiation, and such measurements, correlated with the
finding summarized in table 1 and figure 1, are useful in

seleeting male monkeys for experimental work with gonado-
trophins,

DISCUSSION

Testicular development during childhood is deseribed to
be as slow as that observed here for comparable periods in
the monkey, an interval of 3 years in the monkey being con-
sidered roughly equivalent to 15 vears in the human. The
diameter of the testicular tubules is surprisingly similar.
Charny et al. (’52) give the following measurements from a
developmental series (mostly from biopsies) in the human:
m\lm)e diameter 66 p from 3% weeks to 4 years; an increase
ouly to 72y at 10 years and 85 i

A - ¢ A& at 19 M N
100-150 » at puberty, and an a\ge ag ' 56’102;1‘8, asuromat o
0% (on ¥, rt‘ cg adult measurement of
150-180 .. npare measurements for the monke 1
m table 1.) YA stven

(3% 2 . . .

The {ime when dedifferentiation or

. regression of Levd
ot he b ‘
tissue oceurs in the hum e

an has not been ascertained acecu-
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rately but it is generally assumed that the hypertrophy of
the fetal period, being dependent on maternal hormones,
probably disappears soon after birth. Albert (°52), though
finding it somewhat variable and uncertain, assumes that
regression may occur within a week after birth. Charny et
al. (’52) find no Leydig cells distinguishable 3% weeks after
birth.

Theoretically one might expect that at puberty differen-
tiation, or even hypertrophy of Leydig cells would precede
differentiation of the tubules, judged from the ability of
testosterone to stimulate spermatogenesis and the supposed
production of male hormone by Leydig cells. In this study,
Leydig cells were found to be distinguishable from indifferent
intertubular cells at about the same period as the earliest
differentiation occurred in the tubules. The appearance of
the fully functional cells (on basis of size, rounded cell body
and granular or vacuolated cytoplasm) was not seen, how-
ever, until spermatogenesis was far advanced. Albert et al.
(’52) in a recent review of the developmental stages in the
human testis have stressed the fact that the changes leading
to maturity at puberty definitely occur in the tubules before
they do in the Leydig cells. Sniffen (’52) also describes the
appearance of the first spermatocytes in human testes, e.g.
at 13 years of age, before differentiation of the Leydig cell
has occurred. To quote: ‘“In early puberty, when the sec-
ondary sex characteristics are beginning to develop and tubu-
lar activity is well established, the interstitial cells seem to
lag behind and remain undifferentiated.”” When they ap-
peared during the next few years, however, say by 17 years,
by differentiation from mesenchymal cells, more Leydig cells
were observed than were characteristic in the adult. Hooker
(’44) also reports that in the bull the differentiation of the
tubule occurs earlier than that of the Leydig cells. He states,
“‘No striking change in either the Leydig cells or the andro-
gen content of the testes was evident at puberty which appar-
ently occurred during the second 6 months of life. The great
changes in androgen content after 2 years of age were ac-
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companied by changes of comparable degree in vacuolation
and numbers of Leydig ecells.”

It may be noted that in descriptions of the .development
of the human testis by Charny et al. (’52), Albert et al. (’52)
and Sniffen (’53), these workers are conservative about the
differentiation of the spermatogonia from Sertoli cells in the
testis early in childhood, referring to the presence of a few sex
cells and a synctium. In the description given here of the de-
velopment of the testes of the monkey the enlarged, rounded,
bhasally located cells seen from birth onward have been desig-
nated spermatogonia. Sertoli cells have been described, rather
than designating a syneytium, though it is realized that the
boundary of individual Sertoli cells is difficult to distinguish
either in the immature or the mature testis. The opening
of a lumen in the seminiferous tubule also is deseribed here
as oceurring relatively later than it is given in the accounts
of human development; the potential lumen is considered to
be filled sucecessively by the nuclei of the Sertoli cells, then
hy their filamentous cytoplasm, and later by successive gen-
erations of desquamating unripe and finally ripe germinal

clements, before a truly patent lumen is established in the
adult.

SUMMARY

Fetal life. During late fetal life the testicnlar tubules of
the rhesus monkey attain a diameter of 70 to 80 u and reach
a stage of development not seen again until prepuberal changes
appear. Although only Sertoli cells and a few spermatogo;ia
ave present, the nuclei and cytoplasm of the former show
differentiation. The nueclei come to lie near the basement
membrane and the eytoplasm fills the lumen. Tnterstitial cells
are u!nmdunt, filing the wide intertubular spaces and man‘
are differentiated and identifiable as Leydig cells. v

I’usl-fmfnl regression and subsequent slow growth. Definite
regression of the {estes oceurs affer birth. The tu.bules de
(\Hll\(‘ .;&(_\1:\ .dinmet_er of 50 to 60y and remain so for the ﬁrs;;
S whne mereasmg slowly in length. The interstitial cells

deerease § oF i }
leerease in number, dedifferentiate, and are not aeain clearly
o
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distinguishable as Leydig cells until late in the third year.
Only a few scattered spermatogonia are seen in the post-natal
period, but they become more numerous, appearing enlarged
and rounded at the end of the first year.

Adolescence and maturity. After this prolonged period of
slow development, lasting until the end of the third year,
changes which lead to maturity follow in rapid succession.
Leydig cells differentiate. Sertoli cells increase in number
and become differentiated, with filamentous cytoplasm filling
the lumen of the enlarging tubules and with nuclei lying
basally. Primary spermatocytes appear and the changes
leading to formation of spermatozoa take place rapidly. The
earliest appearance of spermatozoa was observed at 2 years
11 months, the latest at 3 years 5 months.
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PLATE 1

EXPLANATION OF FIGURES

Figs. 2 to 10 Developmental stages in Macaque testes, from biopsies and autopsies. H.E. X 237.

o
o

<

10

Testis of Mm 486, 96 day fetus. Tubules are short and straight, diameter 60-70 p. Only Sertoli cells and a few spermato-

gonia are present in tubules. Sertoli cells are large and fill the lumen. Intertubular spaces are wide and contain many
cells, some epithelioid.

Testis of Mm 601 at birth (174 da. gestation). Testis biopsy. Tubule diameter 6080 x#. Nuclei of Sertoli cells are basal

and cytoplasmic strands fill tubule lumen. Spermatogonia are sparse. Intertubular tissue is abundant but undiffer-
centiated.

Testis of Mm 630 at 3 mo. More coiling of tubules is present; diameter 50-60 u. Sertoli cytoplasm is developed and
still fills the lumen. A few spermatogonia arc present. Intertubular spaces are narrow and interstitial cells have regressed.

Testis of Mm 668 at 3 mo, 25 da. Considerable growth in length with coiling of tubules has occurred. Tubules are small,

50~60 u, compact, filled with Sertoli nuclei. There are occasional spermatogonia. The peritubular arrangement of dark
stained nueclei of intertubular tissue is clearly seen.

Testis of Mm 619 at 4 mo. 24 da. Tubules are small and closely packed. The size has not. changed, 50-60 n. Sertoli
nuelei fill the lumen, only occasional spermatogonia being secen. ’

Testis of Mm 550 at 1 yr. 3 mo. 24 da. Tubules are still small, diameter 40-50 p. Spermatogonia are mnow inereased

in number and size. Nuclei of undifferentiated cells fill the lumen. Only dark stained nuclei in rows around tubules are
seen in narrow peritubular spaces. .

Testis of Mm 385 at 1 yr. 8 mo. 7 da. Tubules are still small (diamecter 50 u). Sertoli nuclei continue to crowd the
lumen. Intertubular tissue is undifferentiated.

Testis of Mm 510 at 2 yr. 7 mo. 6 da. Note that during an entire year there has been no appreciable advance in

development except in multiplication of Sertoli cell nuclei and a slight increase in diameter of tubule (60-70 x£). Some
of the interstitial eells are now lighter staining.

Testis of Mm 665 at 2 yr. 9 mo. 21 da. Tubules are now definitely larger (90 ). Sertoli cells have moved to the
periphery of the tubule. Spermatogonia are nmumerous and rounded. Rounded Leydig cells are now frequently seen.
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PLATE 2

EXPLANATION OF FIGURES

Figs. 11 to 14 Series of developmental stages in testis of an individual monkey
(Mm 642). X 87.

11

13

14

Right testis biopsy at 2 ¥r. 4 mo. 11 da. H and E. Tubules long, convoluted,
closely packed 50-70 g in diameter. Sertoli cells poorly differentiated, bhut
cytoplasm is increasing and nuclei have partially moved basally. Interstitial
cells small and sparse.

Right testis biopsy at 2 yr. 9 mo. 16 da. H and E. The changes are slight.
Tubules are somewhat larger (70 ) and Sertoli nuclei are more hasal. No
differentiating of Leydig cells seen.

Right testis biopsy at 3 yr. 1 mo. 26 da. H and E. Tubules have increased
slightly in diameter (80-90 u). Sertoli nuclei are now definitely basal. A few
cells, recognizable as spermatocytes I by the spireme, are present. Interstitial
cells still not clearly recognizable.

Left testis at 3 yr. 2 mo. 14 da. Mallory stain. Tubules measure 100-120 p.
Many spermatocytes are now present. Canalization is seen in a few tubules.
A few epithelioid Leydig cells, singly or in pairs, are present.

TFigs. 15 to 18 Series of developmental stages in macaque testes at higher
power, X 237.

15

16

17

18

Testis biopsy (Mm 282) at 2 vr. 7 mo. 14 da. H and E. Tubules measure
70 p. Sertoli nuclei are basal. There are a few desquamating cells in the
meshes of Sertoli cytoplasm. Oceasional Leydig cells are recognizable.

Testis biopsy (Mm 282) at 3 yr. 0 mo. 17 da. H and E. Tubules measure
70-80 . Sertoli nuclei are basal. Vascularity has increased, and there is
more space hetween tubules. Epithelioid Leydig cells are present though not
of mature size. Spermatocytes are appearing.

Left testis (Mm 642) at 3 yr. 2 mo. 14 da. (See fig. 13.) Mallory stain.
Tubules measure 100-120 x. Spermatocyte I formation is here abundant.

Testis biopsy (Mm 282) at 3 yr. 3 mo. 28 da. H and E. Tubules measure
130-150 . Many spermatids and some sperm are present. Some desquamation
of immature cells is still present in the tubular lumen.

216
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PLATE 3
EXPLANATION OF FIGURES

Testis Mm 497, 110 da. fetus, L and E X 87. Shows short, uncoiled tubules, diameter 70-80 . Sertoli cell cytoplasm

is woll developed and largely fills lumen. The broad intertubular spaces contain abundant cells, many of which are
enlarged and rounded.

Testis Mm 497, 110 da. fetus, H and E X 237. Shows tubules in eross section. The orientation of the interstitial tissue
concentrieally around the tubules, also the emlargement of the cells within the concentric rings, is shown.

Testis Mm 607, birth, 174 days’ gestation, H and E X 87. Shows Sertoli cell nuclei remaining in a basal position and
a persistent wide intertubular space; however, Leydig cell size has deereased.

Figs. 22-25 Late devclopmental stages in testis of Mm 686. Iron Haem. X 87.

[35)]
—d

23

Right testis sample at 2 yr. 10 mo. 3 da. Tubule diameter 100-120 u. Spermatids have differentiated to presperm
or almost mature sperm. Great amounts of cellular debris fill lumen. Few Leydig cells arve differentiated.

Right testis sample one month later, at 2 yr. 11 mo. 1 da. Tubule diameter 100-140 x. Sperm are present.

Right testis sample after another month, at 3 yr. 0 mo. 1 da. Tubule diameter 120-150 x. Tubules are tightly packed

and it is difficult to find Leydig eells. Cellular debris has been cleared from most tubules and a new generation of
spermatids with orderly arrangement is present.

Right testis sample five months later, at 3 yr, 5 mo. 1 da. Tubule diameter 150 4. Leydig cells arc very rare. There
are many presperm, and a few mature sperm free in the lumen, ’
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PLATE 4

EXPLANATION OF FIGURES

Tigs. 26 to 28 Adult testis, Mm 590, age 11 yr. 6 mo. 20 da., 2 and E X 237.
26 Secminiferous tubule lumen lined by young spermatids.
27 Tubule lined by spermatids with sperm-like heads.

28 Tubule containing mature sperm about ready to be shed.
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AN AUTORADIOGRAPHIC STUDY OF THE DISTRI-
BUTION OF POLONIUM IN THE RAT DURING
94 HOURS AFTER INTRAVENOUS
INJECTION *

JOHN C. GALLIMORE,* GEORGE A. BOYD
AXND J. N, STANNARD

Department of Radiation Biology, University of Rochester School of Medicine
and Dentistry, Rochester, New York, and Medical Division, Qak Ridge
Institute of Nuclear Studies,? Oak Ridge, Tennessce

TWENTY-THREE FIGURES

Several natural radioactive elements emitting alpha par-
ticles have been shown to contain aggregates in the liquid
state (reviewed by Schweitzer and Jackson, ’52), and fo
deposit in the reticulo-endothelial tissues of various animals
(Endicott and Yagoda, '47). For example, Arnold (’51) has
demonstrated the deposition of uranium in aggregate form
in tissues, and similar phenomena have been reported for
radium (Schaefer, ’47). The fact that polonium forms ag-
gregates of considerable size in vitro (several hundred to
several thousand atoms) is now well established (Chamie
and Haissinsky, ’34; Boyd, ’49). In addition, a considerable
amount of biological work has been done with this element

* This paper is based on work performed under contract with the U. S, Atomic

Energy Commission at the University of Rachester School of Medicine and Den-

tistry, Rachester, New York, and has a iversi
\wtr) 2 y as appeared as a University of R i
Energy Project Report, UR-220. ] ochester Atomie

* This work was done in part durin
. \ s : g the tenure of an AEC Radiolagical Phys;
Pellawship and submitted in partial fulfillment of the requirements ff: the ;1:;:22

\('\“\(‘r of Seciene tndl
M 8 ¢, Depariment of Radintio i 3 i 3
e, 1052, s UCP n Biology, University of Rochester,

[ \ .
. 'I:}n conperixhon of Dr, Marshall Brucer, Direetor, Medieal Division, Oak Rig

Retitute of 3\t.xck-:\r Studies, in making possible the completion of t’}' Cw oee
hic fnboratory is greatly apprecinted. us work in
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(Fink, °50; Lacassagne, ’35; Finkel Kisieleski, Hirsch and
Mulhaney, 49) both for its intrinsic interest as an exceed-
ingly toxic element and the facts that it has a convenient
half-life and decays by almost pure alpha emission (giving
off less than 10 quanta of gamma rays per million alpha
particles) to a stable isotope of lead without intermediate
radioactive decay products to complicate an experimental
problem. Polonium is a useful isotope for autoradiographic
studies because of the ease of identification of the alpha
tracks, high resolution, and low background of random grains.

The presence or absence and the relative quantity of such
aggregates could be expected to play an important role in
the biological action of polonium. Firstly, such aggregates,
when present, would be phagocytized rapidly and probably
lead to considerable radiation doses to elements of the reticulo-
endothelial system. Secondly, the overall distribution and
metabolism of the element and its ultimate toxicity might
be dependent upon and altered considerably by the propor-
tion of aggregated to non-aggregated atoms present. The
experiments reported here were designed to study in some
detail the behavior of polonium in the rat with respect to
its distribution and aggregate formation during the first 24‘
hours after intravenous injection.

METHODS

Twenty-eight young adult albino rats of the Wistar strain
were used in this study. The amount of polonium present
in the tissues was measured radio-chemically and an auto-
radiographic study was made of samples from the same
tissues after sectioning and preparation for microscopic
examination.

Approximately 100 microcuries of polonium chloride per
kilogram of body weight were injected into the caudal vein.
Details of the injections were similar to those described. by
Tink (°50) and Casarett (’52) except that the stock solutions
for injection were prepared in 0.5 N HCI and were injected
without neutralization. Correlative studies indicate that meu-
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{ralization may increase the number of aggregates present
in the injection solution. The volume of injection was ap-
proximately 1ml per kilogram. This amount of 0.5 N HCI
chowed 1o clinical effect on the animals. Clean but not sterile
techniques were employed.

The animals were sacrificed in pairs (by a blow on the
head) at 2, 4, 6, 8, 10, 20, 40, and 60 minutes and at 2, 4, 6,
10, 15, and 24 howrs after injection. Blood samples were
drawn by cardiac puncture immediately after sacrifice using
a heparinized syringe. Blood, liver, spleen, kidney, and mus-
cle were taken at each sacrifice time for autoradiographic
and radio-chemical analysis.

The tissue samples to be analyzed radio-chemically * were
digested in concentrated nitric acid following the general
{ecchniques deseribed by Fink (’50) except that perchlorie
acid was omitted. This modified procedure has been deseribed
by Secott and Stannard (’53) and appears to yield comparable
polonium recoveries from rat tissues. After digestion the
polonium was deposited on silver foils as deseribed by Fink
(50, pp. 18-27); the alpha activity determined by conven-
tional methods in a parallel plate ionization chamber. The
alpha count was predetermined at 6400 and the background
averaged tw? ‘counts per minute leading under our experi-
mental.con‘dmo‘ns fo a standard deviation of 1.2%. The
eryors in digestion and other steps are considerably greater
than this and should be econsidered to be at least -+ 10%
'(j?)i?:“;r::t(ixd?:;:::leoi}qOf gle.polonium concentration injected.
atter figw as obtained b;f analysis of “‘dummy in-
T i s et - s o
of 05 FY S 0] o a bhottle contalmr.ig 100 ml

) CL Details of these procedures are deseribed else-
where (Gallimore, '52).

'}“m‘ the :‘mtoradiographic stedy, a small piece of each

issue was fixed in 10% formalin, dehydrated, imbedded in

s P i \~~ c T« ~3 ’ 1
. i“u .fx tstamee of Mr, DoWitt Wood in the tissue diprostions
aydon {n the alphn eounting, tinth in the R

and of Mrs. Helen
7 Rochister Atomic 1

adiation Toxicology Seeti :
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paraffin and the autoradiograms made by the technique of
Endicott and Yagoda (’47). For preparation of the blood
autoradiograms, a small drop, approximately 0.005 ml, was
placed on an 18 X 18 mm cover glass, pulled in the manner
conventionally used for preparing blood smears and then
both cover glasses placed in apposition to the nuclear emul-
sion. NTA emulsion was used throughout and all exposures
carried out in light-tight boxes placed in a refrigerator at
about 5°C. The tissue autoradiograms were exposed for 15
days, the blood smears for 16 days.

A possible source of error in the autoradiographic study
may occur in preparation of the tissues. Since conventional
histological processing was carried out there is the possi-
bility of leaching of the radioactive material into the proc-
essing solutions. However, we believe that this does not
constitute an important factor in this study since there was
relatively little ‘‘smearing’’ of the images and very little
activity was found in the processing solutions. This is sup-
ported also by work on gold colloid autoradiograms in which
the results of freeze drying and formalin fixation methods
were compared (Stembridge, '52).

To insure ready comparison of the photomicrographs made
from the autoradiographs, the field to be photographed was
projected and focused on a ground glass plate placed at the
film level. A spot was chosen containing tissue devoid qf
alpha tracks and the light intensity measured with a ‘‘Densi-
cron’’ densitometer. Suitable photographic exposure time
was then determined. Further details concerning these and
related procedures can be found elsewhere (Gallimore, *52).

RESULTS

Both autoradiographic and radio-chemical data are pre-
sented in terms of changes as a function of time.

Distribution of polonium in tissues

The relative amount of polonium appearing in t?ae tissqes
sampled is presented in terms of a modified differential
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absorption ratio, DAR. The conventional DAR (Marinelli,
Quimby and Hines, ’48) defined as the ratio of the concen-
tration of the isotope in the tissue to the average concentra-
tion in the bhody, could not be caleulated here since the
residual carcass of the animals was not digested and analyzed
for polonium content. Instead, the quanfity:

activity in tissuc sample/sample weight

activity administered/body weight

was caleulated. This is permissible in this case because
polonium is eliminated from the body with an effective half-
life of approximately 30 days (Hursh and Stannard, ’48).
Therefore during the first day the activity administered repre-
sents a reasonable approximation to the activity present in
{he body. This method of presentation serves to emphasize
the tendency of an element to be concentrated in a given
tissue and the changes in relative concentration with time.

The concentration of polonium in spleen, blood, hiver, and
kidney in each of the two rats sacrificed at the time intervals
previously enumerated is represented in figures 1 and 2. The
data are expressed as the modified DAR values deseribed
above.

While there are some inconsistencies, it appears that the
relative proportion of polonium in blood reaches a peak
during the first 10 minutes afler administration and then
ii‘ alls gradually. The maximum DAR value may be considered

) « 0t 3 ! ¢« e
0 oceu at fhe time of complele mixing of the administered
polonium with the blood.® The changes in blood concentra-
fion per ic are depicted in the disappearance curve plotfed
2y < . ] ¢ . . .
as figure 3. Comparison with excretion measurements (Fink
B0, pp. 40-5 . . . . v e ?
o Pp ‘10 23) shox_\s that the rate of disappearance of po-

nmum from blood is very much more rapid than its exere-

* For esample, Cartls cor gy -
u‘i“::;’:.a;\\'}\‘k..C‘\r'ﬂ.md and Koeh (728) in determining the blood volume of rats

dre dilution method stated that twe minutes was sufliciently ]
ramplete mixinge of the dv 1ln W . .oy R ) utly long for
1y w dye while Went and Drinker (°29) in similar stud; i
wated the mixing time as about 41 minutes, fies esti-

"The law 1o s
Be low point at 20 minutes may not be

. . real since one rat shg i v
DAR valvee iy Blood {alsn Yidney and sple el auite to

en) at this time,
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tion from the body. Thus migration into the tissues is to be
expected.

Further examination of the data in figures 1 and 2 reveals
several features of the migration of this element into the
tissues. The spleen, liver, and kidney continue to gain in

PER CENT OF DOSE PER ML.

0 1 [] [1 L -
1 2 4 8 12 16 20 24

TIME IN HOURS

Fig. 3 The disappearance of polonium from rat blood during the first 24 hours:
after intravenous injection. Each point represents the average of two rats.

relative concentration of polonium for considerable periods
after the blood content has begun to fall. Spleen retains its
relatively high concentration or may even increase slightly
to 24 hours. Kidney shows a definite tendency to concentrate
polonium up to about 15 hours, at least, but in contrast to
spleen and liver, the kidney DAR values rise relatively slowly.
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Not shown in the ficures is the faet that there is little
accumulation of polonium in muscle after the first 10 minutes.
The DAR values averaged 0.18 from 10 minutes to 24 hours
with a range of individual observations from 0.08 to 0.27.

Ior veference purposes, the data from the present study
are compared in table 1 with data obtained in earlier work.
Both are expressed in terms of per cent of dose per gram
wet weight found in the tissues 24 hours after intravenous
administration. The agreement is considered within the error
of the methods employed.

TABLE 1

Percentage of dose per gram (wet weight) found in rat tissues 24 hours afier
intravenous adminisiration of polonium chloride )

TIsSUE (Avs. of two rats) (AVE, ot five rate)
\(‘\mlc blood 0.5 1.1
Liver 14 1.7
Spleen 5.1 7.6
Kidney 2.8 2.8
Musele 0.1 0.1

Autoradiographic data

Rey.n'esentative low power photomicrographs prepared as
(l'oscnhed above are shown in figures 4 through 23.7 Atten-
tnpn 1s invited to two phenomena: (a) the presence of
d\s?retc black spots (sunbursts) which we interpret as indi-
ating -the presence of aggregates, probably of colloidal
d}nlensmns, and (b) a diffuse blackening which can be con-
;(1)(]11:;:3 as tracks from randomly distribuied atoms of po-

N g
Figures 4-7 chow representative autoradiograms of th
blood. ¥rom tw 1 injectic - ;
. m two to 10 minutes after injection there ar
many sunbursts which vary widely in size

e of two different types (G

e
and may actually

. allimore, '52). In addition, many
The fipuree chasen represent typieal :

. . appearances which w 3 .
et ptable concistene. rp which were duplieated with



262 GALLIMORE, BOYD AND STANNARD

’

randomly distributed alpha tracks can be seen. Examination
of the later autoradiograms seen in figures 5, 6, and 7 shows
a gradual loss of the large sunbursts as a function of time.
In faet, from 2-3 hours to termination of the experiment
they are rarely seen and the blood smear autoradiograms
present an appearance like that seen in figure 7. No quan-
titative estimates have been possible but it seems clear that
the random single track density does not decrease as much
as does the frequency of occurrence of sunbursts.
Examination of the tissue autoradiograms, figures 8-23,
shows that the aggregates are progressively concentrating
in the tissues, particularly those of the reticulo-endothelial
system. Also the course of polonium excretion by the kidney

can he followed.

1. The appearance of kidney tissues may be seen in fig-
ures 8-14. In the animals sacrificed at two minutes there
are polonium atoms in the glomeruli and the vascular bun-
dles penetrating into the medulla (figs. 8-9). At 4 minutes
the element begins to appear in the proximal convoluted
tubules but the greatest portion is still seen associated with
the vascular structures (figs. 10-11). By 20 minutes the
deposition in the proximal convoluted tubules has inereased
to approximate that in the glomerulus (fig. 12). In contrast,
the amount associated with medullary blood vessels begins
to decrease. This is quite evident by one hour (fig. 13).
On the other hand, the tubules continue to concentrate tl.le
material until by 24 hours (fig. 14) most of that seen In
kidney cortex is outside the glomerulus.

Not clearly shown in the figure but visible in the originals
is the faet that the material in the tubules appears to be
largely present in the form of single atoms, not as aggregates.

2. The deposition in spleen is hardly apparent at two
minutes (fig. 15), but the presence of aggregates is definite
in the 4-minute animals (fig. 16). By 40 minutes the larger
spots show a ring-like pattern (fig. 17) and appear to have
deposited at the marginal zone of the germinal centers. There
is also a rather heavy deposition of randomly distributed
atoms in the red pulp.

The tendency of the spots to locate as described above
continues as seen in the autoradiograms at 10 and 24 hours
(figs. 18-19). Iowever, the black spots are less diserete and,
under higher power, show evidence of disintegration.
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3. The changes described above in spleen may be SEen
perhaps somewhat more clearly in liver (figs. 20-23). A helw
aggregates are seen at two minutes (fig. 20) ; they are h‘lg y
localized and discrete at two hours (fig. 21), less definite at
10 hours (fig. 22), and diffuse by 24 hours (fig. 23). This
process of disintegration of the aggre:gates. appears to be a
real phenomenon and its oceurrence 1m this study conﬁr'ms
an earlier, smaller, unpublished series made by Boyd using
high magnification.

4. Examination of the autoradiograms of musele showed
only an oceasional aggregate associated with a blood vessel,
and a preponderance of single tracks at all times.

DISCUSSION

There seems to be little doubt that polonium chloride ad-
ministered intravenously exists in circulating blood of the
rat in iwo systems: one, a system of aggregates characterized
by sunbursts in the autoradiograms and the other a system
of non-grouped singly dispersed atoms. The aggregates are
removed from the blood stream in about two hours and de-
posited in the liver and spleen; behavior consistent with the
activities of the reticulo-endothelial system. Both liver and
spleen seem to be able to disperse the aggregates. This
begins, in the case of liver, at about 10 hours after intraven-
ous administration and somewhat later in the spleen. The
total concentration relative to that in the rest of the body
confinues high in the spleen up to 24 hours whereas the
relative amount in liver begins to decrease somewhat. Since
the agaregates do not reappear in the blood or muscle, it is
assumed that they are being destroyed. Bvidence of their
disintegration was seen microscopically. The fact that the
concentration of random atoms in the proximal convoluted
tubules of tl}e Kidney relative to those in the glomeruli in-
poloniun from the brokensp. auesentus i, o e
spleen may have entered I:ill})‘ ?cnleba‘ oo the liver and

_ v he 1e blood stream and become de-
Posited at this site,
X . g i the original injected solution cannot
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be stated. Some were probably present but there is also
evidence pointing to the formation of additional aggregates
when polonium solutions are added in wvitro to rat plasma
(Boyd and Williams, unpublished). At the pH of the in-
jection solution the polonium probably existed primarily as
a cation, but at neutrality it may be partly or largely anionic
(Haissinsky, ’36). Further work will be necessary to eluci-
date these points and to find whether or not there are
differences, either physical or physiological, between aggre-
gates from the two sources.

It may be noted that many more aggregates are present
in the blood and tissues of rats receiving polonium intra-
venously than when the material is administered orally. For
example, Boyd, Stannard and Williams (’48) could not find
polonium aggregates in the blood of rats fed fairly large
doses of polonium by gavage. The observations covered the
period from 7 minutes to 24 hours. Aggregates were found
in the feces but only single tracks in the blood smears. Of
further interest in this regard is the fact that the distribution
of polonium in the body is found to be rather different after
oral than after intravenous administration (Fink, ’50; and
Stannard, ’49, pp. 55-57). Particularly the relative amounts
in kidney, spleen, and liver during the first days are much
lower after oral than after intravenous administration. While
other differences such as the maximum concentrations reached,
etc.,, may exist between these two routes of administration,
the relative numbers of aggregates present would be expected
to contribute variations in toxicity and pathology. Such data
have been gathered in other laboratories but are not available
for publication at the present time.

Bloom (’48, p. 543) commented upon the fact that most
of the radioactive materials studied in the Plutonium Project
at the University of Chicago were distributed diffusely and
homogeneously in the liver. Plutonium and radium, however,
exhibited marked tendencies to form clumps. For example,
in autoradiographs of livers from mice injected intraven-
ously with plutonium, the pattern changed gradually from a
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relatively diffuse one at 6 hours to the presence of large
agglomei'ated masses at 42 days. In the pre_s,ent study, po-
Jonium resembles plutomium and radium in its tendeney to
form aggregates. However, these disappear from the 1.1ver
much more rapidly than aggregates of plutonium or radium.
In our studies polonium seems to resemble plutonium and
radium (Bloom, ’48, p. 283) in its gross behavior in the
spleen.

Sinee autoradiography is not a quantitative method, pres-
ent data do not allow a striet accounting of the various
{ransitions which polonium undergoes in the body of the rat
as a function of time. However, the findings can be con-
sidered as qualitatively confirming the postulate that there
arve fairly large differences in the manner in which aggre-
gated material and single atoms are metabolized during the
first day after administration. The need for careful analysis
aund control of the properties of injection solutions is clear.
Obviously, this applies not only to polonium, but to other

radioactive materials. Indeed it may apply as well to non-
radioactive clements in solution.

SUMMARY

The distribution of polonium chloride in the liver, spleen,
kidney, musele, and blood of rats after intravenous admin-
istration has been studied autoradiographically and radio-
chemienlly.

It was found that the polonium in the blood, immediately
after injection, existed in two systems; a system of poloninm
aggremates, characterized by sunbursts in the auntoradioerams
and the other a system of non-grouped singly dispersed Ztomé
ar moleenles,

-

The ageresates were removed from the blood stream over

an approximate {wo-hour period a i :
‘ nd deposited in ivay
1d spleen, k the liver

. Fhe non-particulate polonium w
m the proximal conv
late polonium w

as observed to concenfrate
oluted tubules of the kidney. No par

ticu-
as observed to be deposited in this org
D

an.
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The polyatomic groupings deposited in liver and spleen
are seen to become diffuse and to gradually disintegrate
beginning at about 10 hours after administration and con-
tinuing to the end of the observation period (24 hours).

It is concluded that the aggregates are taken up by ele-
ments of the reticulo-endothelial system and inferred that
distribution, excretion, and toxicity may be affected by the
relative number of aggregated and dispersed atoms present
under any given conditions.
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PLATE 1
EXPLANATION OF FIGURES
Typical autoradiogram of rat blood smear two to 10 minutes after intraven-
ous administration of polonium chloride.

Typical autoradiogram of rat blood smear 10 to 40 minutes after intravenous
administration of polonium chloride.

Typical autoradiogram of rat blood smear 40 minutes to two hours after intra-
venous administration of polonium chloride.

Typieal autoradiogram of rat blood smear two hours to 24 hours after intra-
venous administration of polonium chloride.
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PLATE 2
EXPLANATION OF FIGURES
Autoradiogram of kidney cortex at two minutes after intravenous administra-
tion of polonium chloride. X 120.

Autoradiogram of kidney medulla at two minutes after intravenous admin-
istration of polonium chloride. X 60.

Autoradiogram of kidney cortex at 4 minutes after intravenous administra-
tion of polonium chioride. X 120.

Autoradiogram of kidney medulla at 4 minutes after intravenous administra-
tion of polonium chloride. X 60.

Autoradiogram of kidney cortex at 20 minutes after intravenous administra-
tion of polonium chloride. X 120.

Autoradiogram of kidney medulla at one hour after intravenous administra-
tion of polonium chloride. X 60.
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PLATE 3

EXPLANATION OF FIGURES

Autoradiogram of kidney cortex at 24 hours after intravenous administration
of polonium chloride. X 120.

Autoradiogram of spleen at two minutes after intravenous administration of
polonium ehleride. X 80,

Autorrdiogram of spleen at 4 minutes after intravenous administration of
polonium chloride. X 80,

Autoradiogram of spleen at 40 minutes after intravenous administration of
polonium chloride. X 80.

Autoradiogram of spleen at 10 hours after intravenous administration of
polonium chloride. X 80.

Autoradiogram of spleen at 24 hours after intravenous administration of
polonium chloride. X 80.
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ride. X 73.

. . . . . i hlo-
| Autoradiogram of liver at two hours after intravenous administration of polonium ¢
ride. X 73.
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PAPERS FROM PLATFORM

55. The nonessentiality of the hypophysis for the induction of tumors with 3—4
benzpyrene! Frederie J. AGATE, Jr., Willilam ANTOPOL*, Susi GLAU-
BACH?* and Fay AGATE, Department of Anatomy, Columbia University;
Joseph and Helen Yeamans Levy Foundation, Beth Israel Hospital; and De-
partment of Biochemistry, Francis Delafield Hospital.

Twenty hypophysectomized rats of the Long-Evans strain, 2 to 4 weeks after
operation, were given a single subcutaneous injection of 10 mg of 3-4 benzpyrene
in 1ec of sesame oil. Twelve intact animals were similarly injected. The first
definite tumor was palpable in the controls at 99 days after injection and the
first palpable tumor was found in the hypophysectomized animals at 106 days.
Seven hypophysectomized animals without tumors died before 93 days and be-
fore any of the intact rats developed tumors. One hypophysectomized rat died
without a tumor on the 117th day post injection. The remaining twelve hypophys-
ectomized animals all developed tumors as did all intact animals.

The tumor-bearing hypophysectomized rats died between the 180th and 231st
day after injection with the mean falling at 194 days. The mean weight of
the tumors was 28.2 gms. All but 3 of the infact rats survived until the 204th
day when they were sacrificed. The mean tumor weight was 107.9 gms.

It is concluded that the hypophysis plays no determining role in the induction
of neoplasm with 3-4 benzpyrenme. It is evident that the growth of these in-
duced tumors is somewhat slower in hypophysectomized than in intact rats.

! Supported in part by a grant from the American Cancer Society.

149. Further observations on the biological activity of estradiol-sensitized col-
lodion particles. Roland H. ALDEN, Anna Dean DULANEY* and Mary
GIDEON, Division of Anatomy and Division of Pathology and Bacteriology,
University of Tennessee.

Crystalline alpha-estradiol® was dissolved in an acetone solution of collodion
and the steroid incorporated in or onto the collodion particles in a manner previ-
ously reported (Proc. Soc. Exp. Biol. and Med., 74, 466).

Evidence will be presented indicating that these estrogen-sensitized collodion
particles (1) provide an efficient means of giving prolonged, steady hormone
administration with single or few injections, (2) may be injected intramuscu-
larly or subcutaneously with equally good results, (3) are reasomably stable for
periods up to at least thirty months, (4) are probably stored in R-E cells near
the site of injection from whence the hormone is slowly eluted.

 Schering Corporation kindly supplied the estrogen.

154. Observations on the source of the sympathetic nerves to the ductus arterio-
sus in the human full term fetus. Frank D. ALLAN*, Department of
Anatomy, Louisiana State University School of Medicine. (Introduced by
Charles M. Goss.)

Numerous investigators have demonstrated microscopically the presence of
nerves in the wall of the ductus arteriosus. There is, nevertheless, a paucity of
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information, especially in man, regarding the source of. these nerves. Il.lvemz;
mals, fibers whose origin was determinfzd to be the. aoTtm .(deprezsort) nexs o
the vagus (Boyd, ’41) have been described as terminating in t.he uctus. 1:upth
ficial mention has been made of fibers, presumably sympathetx?, passing to .the
ductus from the lower cervical trunk. Nonetheless, no systematic gross anatomi-
d v he en made regarding these nerves.

mll)?:lslfc}ti:)li:so?ethe nerves t% the ductus in full term human fetus.es demm}strat.ed
occasional branches reaching that structure from the left superior and inferior
cervieal cardiac sympathetic nerves. The usual source for such nerves, however,
was the inferior cervical eardiae sympathetic nerves (s) on the left. Other sources
were the left upper three thoracic cardiae sympathetie nerves.

Characteristically, the inferior cervieal cardiac sympathetic ne.rve f.orms, on
the proximal portion of the left subelavian artery, a plexus which yleh?s fila-
ments to the ductus; these are joined by contributions from the thoracic car-
dine sympathetic nerves or additional fibers from the superior cardiae plexus.
The plexus thus formed on the anterior and lateral aspects of the ductus extends
to the pulmonary trunk, diminishing as it proceeds, and terminates by com-
munieating with nerves associated with the left coronary artery.

118, Anatomical obscrvations upon the vascular bed in the myocardium of the
dog? A. W. ANGULO, Division of Anatomy, Hahnemann Medical College.

The purpose of this presentation is to show the arrangement and distribution
of arterics, veins and the capillary bed within the myocardium. The interrelation-
ship of these vessels with cach other and with the Thebesian veins will be dis-
eussed following the application of new methods.

1 Thin investigation was supported in part by a reseavrch grant H-1366 from the National
Heart Institute,

81. The cruptorchid iestis in the development and mainlenance of maleness as
tested by the sexual behavior of the male guinea pig? Harold R. ANTLIRF*
und Willinm C. YOUNG, Department of Anatomy, University of Kansas.

Studies of experimental eryptorchidism have been confined to effects on sper-
matogenesis, the reproductive tract and accessories in adults rather than to de-
velopment from birth, Behavior has not been studied. Tt is belioved by some that

the abdominal placement of testes will not produce the endoerine disturbances
:.xst(.\(:i:ncd with natural cryptorchidism, for the failure of descent is taken as an
indication of congenital abnormality. Experiments designed at clarifieation have
bren undertaken,

Ten males wore made bilateradl

- ¥ eryptorehird within 3 days after birth
ity g £ .

: Five
wud § castrated animals are controls.

A first series of tests of gexual be-

was begun after weaning and iselation the seventeenth day

atweckly intervals wntil day 120, In an investip »

o0 D oweekly tests was be
TE.\' Er‘}:l‘(}ltl" of

senifiean

Linvior

and continued

‘ltl()" ”1 lon{, t"nc cﬂtbcts 1 series
gutl at &LO d.l}s Oj slgL’.

development of sexual behavior in
¥ different from the controls; average a

the eryptorchids was not
e eryptorebids was 63 days, that of intaet control

fge at the first ejaculation by
5 60 days. Averape scores for
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the 5 to 10 tests from the first ejaculation was 9.4 for cryptorchids and controls.
Clearly, experimental eryptorchidism as such was without detectable effect on
development and display of sexual behavior up to day 120. Results from tests be-
gun day 300 will be reported.

1 Aided by grants from the U, S, Public Health Service.

143. Electron microscopic studies of experimentally induced changes in ground
substance of loose conmective tissue. A. M. ASADI*, T. F. DOUGHERTY
and George W. COCHRAN*, Departments of Anatomy, University of Utah
College of Medicine, and Plant Pathology, Utah State College.

A new technique was developed for preparing samples of intact loose connec-
tive tissue for electron miecroscopy. Cuticles of loose connective tissue of non-
treated and treated adult mice were spread on metal sereen, air dried, shadowed
with uranium and observed by electron microscope.

In untreated animals the ground substance appeared finely granular or homo-
geneous. Substances studied were hydrocortisone, growth hormone, desoxycor-
ticosterone, heparin and hyaluronidase. Hydrocortisone induced specific striking
regular granulation of ground substance not found for any other agent. Stressing
intact but not adrenalectomized animals produced this specific change.

Ground substance of adrenalectomized group was agranular, homogeneous and
cloudy. Similar appearances were produced in intact animals by desoxycortico-
sterone or hyaluronidase.

Uniformly scattered granules (80-100 A) produced tufted appearance of ground
substanee following hydrocortisone treatment. Larger bodies (4,000 4) were
found in or/and on the matrix of ground substance in groups treated with cor-
ticosterone. No granules were found in the ground substance of adrenalectomized
or intact mice treated with hyaluronidase. The relationship of these changes in
ground substance to the antiphlogistie action of C-11 hydroxyeorticosteroids is be-
ing studied. .

191. The fate of imtravenously injected cells of Ehrlich’s ascites tumor.! Ralph
N. BAILLIF, Department of Anatomy, Tulane University.

Peritoneal exudate from mice bearing the Ehrlich tumor is a rich suspension
(80-150 X 10° cells/em®) of discrete, viable, actively mitotic cells. When heparin-
ized, this suspension is suitable for intravenous injection; 0.1 em® is tolerated by
a 25-gm mouse if injected slowly.

During the first 12 days after the single inoculation, there is a generalized lym-
phatic, myeloid and reticulo-endothelial hypertrophy. Tt is probable that most of
the injected cells either leave the blood stream by migrating into perivascu]nr
connective tissues or collect in sinusoids of the suprarenal, liver, spleen and bone
marrow. A few mitotic figures appear in these locations, but many of the cells
appear to be disintegrating, No evidence of embolism was found.



ABSTRAGTS OF PAPERS FROM PLATFORM 279

Beginning on post-inoculation days 10-12, mieroscopic pulmonary metastases
can be found in almost every case, centered in the pulmonary stroma. These grow
so rapidly that most of the hosts suceumb during the third or fourth week. Small
metastases also appear in sinusoids of the liver and adrenal, but these do not
appear to be progressive. )

It js obvions that by intravenous injection many tissues are placed in contact
with viable tumor cells; notwithstanding, the sites for metastases are few. An
explanation for this phenomenon may well be associated with differential sus-
ceptibility to tumor growth.

t Supported by a grant-in-aid from the United States Public Health Service,

49. The effect of hypophyscctomy on the gastric mucosa, Burton L. BAKER and
Gerald D. ABRAMS*, Department of Anatomy, University of Michigan.

Hypophysectomy of rats has little effect on the amount of mucus contained in
the colummar epithelinl cclls of the pits and surface of the gastric mucosa. It
inereases the amount of mucus in the mucous neck cells. Many parietal cells are
smaller, contain fewer mitochondria and usuvally fewer fuechsinophilic granules.
The zymogenie eells undergo a profound involution acecompanied by loss of pep-
ginggen granules and cytoplasmic basophilia (ribonucleic acid). Biochemical de-
termination (colerimetric hemoglobin method of Glass, Pugh and Wolf) of the
peptic aetivity of the gastric juice secreted during a 6 hour period after pylorie
ligntion shows that hypophyscgtomy causes a striking reduction in the capacity
of zymogenic cells to seercte this enzyme. The invelution of zymogenie cells and
their reduced functional activity is present 3 days after the operation and reaches
a low level nt 7 days. Significant recovery was not observed during the 128 day
period of study after hypophyscetomy. It is concluded that the hypophysis exerts
4 regulatory influence over the activily of gastric zymogenic cells and other evi-
dence a1 hand indieates that the pars distalis is primarily responsible.

182, Effects of ultrasound on the central nervous system? Jolm W. BARNARD
’

Ruth Baumann FRY*, Don TUCKER”, and William J. FRY*. Bjoacoustics
Laboratory, University of Illinois,

This i= a continuation of the studics of the offects of focused, high intensity
ultrasound (880 kilocycles) on the central nervous system. The areas select 31
fur study were the motor cortex of the cat and of the monkey and the i -
enpeule and ndjacent nuclei of the eat. These areas o ¢ internal

x:~rz"1:xx:\g bone, were irradiated with ultrasound of
varving durations,

, after removal of the in-
. : different intensities and for
L These animnls were sacrificed after various time interv
n . R R . I3 - . :

© bratns were studied with Nissl, Marcehi and siiver stajns
the responees of the eells, i :
Y

ot 4o fnd the exnct site

als and
The differences 3

es in
bers and blood vessels were especially observed in an
at which ultrasound has its effeets,

x . X
PPartinly eappoast

1 1y the Phyriolegy Branch of the Office of Naval Researeh
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6. Influence of pituitary gonadotropin (FSH) on the metabolism of the ovary.
Marion I. BARNHART*, Department of Physiology, Wayne University Col-
lege of Medicine and Detroit Institute of Cancer Research. (Introduced by
Gordon H. Scott.)

Ovaries of recently born mice were cultured according to the watehglass method.
One member of each pair of heterologous plasma clots was fortified with Ar-
mour’s Pituitary Gonadotropin (FSH) in concentrations varying from 0.05 to
0.50 Armour units per clot. On these matched clots were single representatives
of the pairs of ovaries from each of several litter mates.

To determine if the hormone had an effect on the metabolism of these ex-
planted ovaries, studies of their oxygen consumption were undertaken, using a
Stern-Kirk type differential microrespirometer. A pool of as few as 5 ovaries
consumed sufficient oxygen to be measured. Following equilibration, readings
were taken at 10 to 15 minute intervals for an hour. At the conclusion of the
run, the ovaries were measured and fixed for microscopic examination. Results
were expressed in terms of microliters of oxygen consumed per hour, per mm® of
surface at standard conditions. Histologically, the ovaries were normal.

Ovaries grown on unfortified plasma clots gave oxygen uptake values agreeing
within 10% with values obtained from econtrol ovaries grown on similar clots.
Oxygen consumption of groups of ovaries grown on clots containing 0.1 to 0.3
units F'SH was enhanced 20 to 309 when compared to values from groups of
control ovaries cultivated on unfortified clots.

1 Aided by an Institutional Grant from The American Cancer Society.

3. Morphology of epidermal nuclei in hermaphrodites* Murray L. BARR, De-
partment of Microscopic Anatomy, University of Western Ontario.

Epidermal nuclei of females contain a special mass of chromatin, the sex chro-
matin, which is seldom seen in nuclei of males. The sex chromatin of female nu-
clei is thought to be formed from heterochromatic regions of the two X chromo-
somes. The structure of epidermal nuclei, therefore, gives an indication of the
chromosomal sex of an individual.

Skin biopsies from 30 hermaphrodites were studied. Seventeen patients had
female-type nuclei. This group included three true hermaphrodites and 14 fe-
male pseudohermaphrodites (13 patients with adrenogenital syndrome and one
with no evidence of adrenocortical hyperplasia). Thirteen patients had male-type
nuelei. This group included one true hermaphrodite, one female pseudohermaplro-
dite (not adrenogenital syndrome), and 11 male pseudohermaphrodites.

This preliminary study suggests that the rare true hermaphrodites and female
pscudohermaphrodites not eaused by adrenocortical dysfunction have either female-
type nuclei or male-type nuclei. Patients in the main group of female pseudo-
hermaphroditism, caused by adrenal hyperplasia, have female-type nuclei, Male
pseudohermaphrodites, on the other hand, have male-type nuelei. The skin biopsy
test is a useful aid in differential diagnosis of the main groups of hermaphro-

dites, namely, patients with the congenital adrenogenital syndrome, and male
pseudohermaphrodites.

1 Supported by a grant from the National Research Council of Canada.
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171. Influence of icstostcronc on the ovary of prepuberal female mice. .Char.les
A. BARRACLOUGH®, Bureau of Biologieal Research, Rutgers University
and Department of Anatomy, University of California at Los Angeles. (In-
troduced by Charles H. Sawyer.)

Female mice of 5, 10 and 20 days of age were given singl(.-: sul.)cutaneous in-
jortions of testosteronc propionate (1.0 mg.) and compared w1th. littermate con-
frols at varied intervals up to 60 days of age. QOvarian alkaline phosp‘t{atase
normally was present in the theea, nueleoli of the oocyte and muclei of the mts:r-
stitial tissue and granulosa cells at 10 days of age. At subsequent ages an in-
ercase in theeal enzyme was observed in contrast to an absence of enzyme in large
vosicular follicles. The lutein cells of the corpora lutea revealed marked concen-
trations of enzyme. Interstitial lipid (neutral fat, phospholipid and cholesterol)
was normally first observed at 10 and theeal lipid (neutral fat and phospholipid)
at 20 days of age. While interstitial lipid and alkaline phosphatase were not af-
fected by androgen, follicular atresia was apparent in animals treated at 5 days
of age and autopsied at later ages. Concomitant with atresia was the appear-
ance of alkaline phosphatase and sudanophilic lipid in the granulosa cells and
ooeyiic eytoplasm. Corpora lutea, which normally appear at 40 days of age, were
abzent in mice treated at 5 but not in those injected at 20 days of age. Animals
tresfed at 10 days assumed an intermediate position. Animal age at the time
of hormone administration is a factor influencing resuits.

118, The reaction of aricrial clastic tissuc 1o grafting. William H. BATCHE-

LOR* and James W, PATE*, Physiology Division, Naval Medical Researeh
Institute. (Introduced by Sam L. Clark)

Aortie sogments grafted into the dog display regularly a fragmentation of clas-
tic tissue. This reaction does not interfere with satisfactory function of the

graft for the first few years, but it deserves investigation in its own right as
well ns for gmidanee in the use of grafits.

Both fresh and freeze-dried aortic segments were grafted and subsequently
removed from the site after a period ranging from one week to ong year. Fro-
ron seetions of hoth fresh and formalin-fixed specimens were examined by phase
contrast as well as by ordinary illumination using stains. Comparison was made
with stained sections eut from paraffin-embedded specimens.

The medial olastic net characteristically shows widespread fr
marked subintimally. Adjncent host tissue shows
eontrast 4o specimens taken from nort
ferted regions show disruption of gr
plates ghow both {ransveree
vriform patiem,
firalt to dist

agmentation, most
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oss architecture. The individual fibers or
and longitudinal fragmentation yielding a curiously
ferm. The less severely involved regions, on the other hand are dif-
ot mnguish from certain areas of control scetions interpreted as f(.:nest ted
r:* thought ta b a normal feature. e
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167. A comparison and evaluation of procedures for ihe plasmal reactiont W,
D. BELT* and E. R, HAYES, Department of Anatomy, The Ohio State
University.

Many variations of the original plasmal reaction of Feulgen and Voit have
been practiced. The various published techniques are here compared upon uni-
form material and the influence of individual steps analyzed. The procedures dif-
fer mostly in the fixatives used, therefore formalin, formol-calcium, formol-
sublimate, sublimate, sublimate-acetic, formol-acetic, copper sulphate, and heat
were evaluated for their effect upon the reaction. In addition to unembedded tis-
sues, tissues embedded in gelatin and polyethylene glycol were studied. The re-
sults show that small variables often exert a marked influence upon the reaction.
The less the pretreatment (fixation) the more valid the result. To be considered
valid, a reaction must display (1) an essentially negative control, (2) a dis-
tribution and intensity corresponding to the reaction upon fresh tissue and (3)
reproducibility. A technique is presented for performing the reaction upon better
preserved and somewhat thinner sections than usual, The unfixed sections are
kept frozen until permitted to thaw in an atmosphere of formalin vapor. After
a brief fixation they are washed and subjected to the reaction proper.

! This investigation was supported in part by a research grant C-1817 M and G from the
National Cancer Institute, of the National Institute of Health, Public Health Service.

180. Location of hypothalamic lesions affecting the adenohypophysis. B. M.
BOGDANOVE?*, Departments of Anatomy, State University of Iowa and
Albany Medieal College. (Introduced by J. M. Wolfe)

Analysis of massive hypothalamic lesions resulting in various adenohypophysial
dysfunctions (Bogdanove and Halmi, 1952, 1953) showed lesions interfering with
thyrotrophin and gonadotrophin secretion to include the regions of the supra-
chiasmatic and arcuate nuclei, respectively. McCann likewise (Am. J. Physiol,
175, 18, 1953) has found the arcuate nucleus consistently damaged in large le-
sions producing testicular atrophy.

To examine the possibility that these nuclei might mark the locations of dis-
crete ‘‘centers’’ concerned with these specific endocrine functions, mueh smaller
lesions were similarly placed in a series of 45 adult male rats which were sub-
sequently given propylthiouracil for 18 days. Only one rat of this series showed
severe, three others exhibiting partial, testicular atrophy. No unequivocal im-
pairment of thyrotrophin secretion was found, although three rats had thyroid
weights of 26 mg. (controls: 48-63 mg.).

Examination of these few effective small lesions showed that gonad atrophy fol-
lowed lesions of the arcuate nuclei, while the (probable) impairment of thyTo-
trophin secretion was not related to suprachiasmatic nuclear damage. However,
extensive destruction of both of these nuclei did ocecur unaccompanied by dis-
cernible endoerine effects.

More detailed description of these lesions will be presented, and the bearing
of this study on the problem of hypothalamic localization discussed.
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5¢. On the reticular connections of structures in the vicinity of the chemore-
ceplor irigger zong for emesist K. R. BRIZZEE, Anatomy Department, Uni-
versity of Utah College of Medicine.

Experiments have been carried out to determine the afferent reticular conmee-
Lions of certain structures adjacent to the chemorcceptor trigger zone for emesis
(Wang and Borison, ’50, ’51) including the area postrema, nucleus gracilis,
descending vestibular nucleus, and dorsal sensory vagal nucleus (ala cinerea).
Tollowing unilateral cauterization of the nucleus gracilis numerous chromatolytic
neurons were seen in the central region of the inferior reticular nuclews. These
alterations were mainly ipsilateral but a few altered cells were found in the
contralateral nucleus. Unilateral cauterization of the area postrema and ala
cinerea simultancously resulted in a few chromatolytic neurons in the same area
of the inferior reticular nucleus ipsilaterally and also in the dorsal and ventral
portions of the paramedian reticular nuelens and the dorso-lateral portion of the
reticular formntion in the region of the vomiting center (Wang and Borison,
’50) on the same side.

No alterations in the reticular nuelei were observed following lesions restricted
tfo the main body or superficial portion of the area postrema.

1 Sypported by o grant from the U, 8. Public Health Service.

106. The relalionship of age 1o the amount of pigment deposition in cortical

nerve cells. Tarold BRODY*, Department of Anatomy, University of North
Dakefa.  (Introduced by Christopher J. Hamre)

In the program of studies upon quantitative changes in the cerebral cortex,
examination was made of pigment deposition within the cortical nerve ecells.
The purpoese of the study was to compare the pigment content of ecells within
different cortical areas and its presence in a human series from the newborn

to ninety-five years of age. Cases were chosen which did not demonstrate any
known neurological disorder prior to death. '

Sections were stained by the periodic acid-Sehiff technique which was found
;n c}cmonstmte most clearly these pigment granules. Celis examined were from
raing in four age categories: newborn, twenty years, forty-five years and over
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84. Quantitative cellular changes in the bone marrow of albino rats resulting
from protein deficiency. Jerry W. BROWN#*, Department of Anatomy, Uni-
versity of Pittsburgh. (Irtroduced by Davenport Hooker)

A quantitative cellular study was made of bone marrow from male albino rats
fed a 0% protein diet beginning at 31 days, their pair fed controls (from 32
days) and a normal group (from 31 days) fed a normal 18% protein diet. The
tests lasted 40 to 41 days. Femoral bone marrow, fixed in Zenker-formol, was
paraffin embedded, serially sectioned at 8 p and stained with hematoxylin-eosin-
azure II. Differential cell counts were made in areas of 100 #* in 12 bone mar-
row sections from each rat, the mean number of cells per mm?® being computed.

Results show that the number of erythroblasts and of erythroid cells in mito-
sis in marrow of the 0% protein group decreased in the same proportion as that
from pair fed controls. However, protein deficency caused a greater reduction
in normoblast population. The latter change appears to be primarily responsible
for the accompanying peripheral anemia. Protein deficiency per se had little ef-
fect on the populations of early and late forms of eosinophils and heterophils,
but did result in a greater inerease in the number of heterophil cells in mitosis.
Protein inanition reduced the number of megakaryocytes and basophils. Fur-
thermore, protein deficiency decreased the plasma cell population much more than
did general inanition.

137. Radial and ulnar arierial anastomosis in the hand. Heury C. BROWNING,
Department of Anatomy, University of Puerto Rico, and David E. MOR-
TON, Department of Anatomy, Yale University.

Tive types of anastomosis between the superficial and deep arterial arches
were found in 100 hands: ulnar artery and deep arch; common digital and volar
metacarpal arteries; princeps pollicis artery and superficial arch; superficial volar
radial artery and superficial arch; and common digital and dorsal metacarpal
arteries. The commonest pattern included the first three or first four of these
anastomoses.

The most constant branches were connections between the ulnar artery and deep
arch, the princeps pollicis artery and, less so, the radial index artery. Commonly
the adjacent sides of the second and third digits were supplied by the radial
index artery rather than by the commeon digital artery. Frequently adjacent sides
of other digits received an analogous supply.

The dorsal metacarpal arteries, except the second, were usually small and rela-
tively unimportant. The deep arch was usually smaller than the superficial but
the radial and ulnar arteries were of similar size. An isolated supply of the first
and second digits by the radial artery was rare.

108. A comparative quantitative analysis of perincuronal satellite cells in motor
cortex. Robert H. BROWNSOX*, Department of Anatomy, University of
Southern California Sechool of Medicine. (Introduced by Paul R. Patck)

In an earlier investigation (Brownson, 1953, unpublished) it was noted that
some definite signs of age changes in glial satellite cell relationship between young
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and old mice was evident in the spinal cord, anterior horn cells.. Also bec.ause of
variations reported hy earlier investigators on the morphologlc' alteration al'ld
function of perincuronal satellite cells in apparently normz-ﬂ, ag?ng ‘nervouTs tis-
sues, the present author feels justified in furthering this 111VeSt1gf1t1011. No .at-
tempt to disenss the physiology is involved, but rather the comparative anatomical
relationship between large neurons and glial satellites in the mofor cortex of
mouse, rat, and human brains is undertaken.

A method for determining the numbers of glial satellite cells surrounding cach
neuron on a given plane at a fixed distance gives a quantitative estimation of
glial cell relationship per unit area of nervous tissue for different age groups.

Microscopic examination performed with a binocular microseope and microme-
ter disk revealed a marked decrease in perineuronal satellite cells with increase
in age. Young mice showed 56-58 percent satellitosis while 8240 percent satel-
litosis characterized the senile mice. Young Immature rats showed 72-76 per-
cent satellitosis while markedly senile rats accounted for only 32-50 percent
sntellitosis, ITuman specimens are at present under investigation.

15, Electroarchitectonic mapping of afferent and ‘‘antidromic’’ polentials in the
cercbral corter, Nathaniel A, BUCHWALD?, Department of Anatomy, Tulane
University. (Introduced by Harold Cummins)

Tutracortical potentials of cats were investigated by clectroarehitectonic mapping,
Potentinls evoked by cleetrical stimulation of the sciatic nerve complex or the
dorsal funiculus and by ‘‘antidromic’’ volleys fired into the lateral cortico-spinal
tract or inte the medullary pyramids were detected by a penetrating electrode
fram stations at and beneath the cortical surface. Potentials evoked by afferent
stimulation of the sciatic complex or dorsal funiculus were recorded at the cortieal
surface as biphasie waves. The initial, positive, phase had a duration of 812
miiliscconds, At a depth of 14 mm beneath the cortical surface this positive
phase was nnalyzed into twoe components, an carly ‘‘non-labile’’ portion and a
Hlabile’? portion which reversed to negativity.

‘“Antidromie’’ volleys into the lateral cortico-spinal tract or the medullary
p.yr:\mids evoked, nt the cortienl surface, a brief diphasic positive-negative poten-
tisl. Tis first phase did not reverse when the electrode penetrated beneath the
enrtical surfnee.

. \;f‘.:z;(:; i;(:“:'::,i,?::,Q]\::;o?nh:; ,;‘ nntidromif” and by afferent stinfu]fltion could
at s | post-cruciate cortex they were distinguishable

P R 3
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respanse 1o topieal anesthetization and (3) differences in sign, form and intensity
wl e ) .
oo veenrded bBenenth the surface.

Tdectronrehitestonie maps illustrating the de
thee potentiale will be shown and the obsory
P opedtle ecortiend {unetion,

pth-time-voltage relationships of
ations will be discussed with regard
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130. Transplantable and transmissable mouse twmors which cause growth stimu-
lating effects on sympathetic and spinal ganglia of the embryonic chick.
Elmer D. BUEKER, Department of Anatomy, University of Missouri.

After intraembryonie transplantation, mouse sarcomas (I, 37, 180) cause exces-
sive growth of chick spinal and sympathetic ganglia. Sarcomas (37, 180) stimulate
growth after implantation on the allantois or when cultured in vitro with ganglia
(Levi-Montaleini, ’52, ’53). Mouse tumors (sarcomas: T241 Lewis, Ma387, A274,
8635, MCI, Ds4; carcinomas: C954, Cal5) were studied for nerve growth effects,
Tumors were incorporated unilaterally in hind limb fields of 24-day chicks. From
700 experiments 325 specimens were obtained, sacrificed 6-16 days’ incubation
and prepared with De Castro’s modification of Cajal’s technique and Wenger’s
hematoxylin. Nerves and ganglia related to tumors were identified from graphic
reconstruetions. Quantitative data were obtained from ecardboard reconstructions
of ganglia, one case for each series. Total volume of lumbosacral ganglia which
supplied nerves to sarcoma T241 Lewis, in the case selected, was 1.74 X greater
than the contralateral; sympathetic ganglia 1.82 X. Volumes of spinal ganglia
of Ma387, A274, 8365, MCI and Ds4 were 1.71 X, 1.33 X, 1.51 X, 1.25 X and
1.15 X greater respectively; sympathetic ganglia: 1.34 X, 1.19 X, 1.09 X, 1.20
X, 1.08 X. Experimental spinal ganglia of cases Cal5 and C945 were 0.92 X
and 0.86 X the control; sympathetic 0.95 X and 0.89 X. Nerve growth stimulating
properties seem widely distributed in mouse sarcomas and vary only in intensity.
Carcinomas are entirely negative.

1 Aided by a grant from the Division of Research Grants and Fellowships of the National
Institutes of Health,

76. Cytometric effects of male sex hormone on rat seminal wvesicles.)' L. .
CAVAZOS* and R. M. MELAMPY, Agricultural Experiment Station, Towa
State College.

A cytometric study was made of the effects of castration and hormone replace-
ment on the secretory epithelium of seminal vesicles of sexually mature rats.
Average diameters of equivalent circular cross sections of nuclei were caleulated
from nuclear areas obtained by camera lucida. Cell heights were measured with
an ocular micrometer. Twenty-four hours following gonadectomy the nuclear
diameter deereased 0.1 x (not Sig.) and cell height 4 p (P = 0.01). The diameter
was reduced 0.5u (P =0.10) and the height 8 (P == 0.01) in 60 hours after
castration. Nuclear reduction of 1 (P = 0.01) and cell height of 11 p (P = 0.01)
occurred during a 38-day period. In the case of hormone-treated animals (500 48
testosterone propionate daily) the diameter inereased 0.7 (P =10.01) and the
cell height 1 (P =0.10) in 12 hours. By 60 hours the diameter increased 24
(P = 0.01) and the height 9 (P = 0.01) above the values for 38-day castrates.
After this the nuclear diameter deereased whereas the cell height remained rela-
tively constant. Mitoses were not visible in the epithelium of castrates, or the
24- and 36-hour treated animals. A mitotic activity of 7.5% was noted after
60 hours. Following this a sharp decline occurred, and in animals injected 20
days a value of 0.19% was observed.

1 Supported by grant C-1779, National Cancer Institute of the National Institutes of Health.
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¢8. Vascular nerves and cholinesterase of blood vessel walls.! Kermit F}HRI.STE‘N-
SEN and Therese STUESSE*, Department of Anatomy, St. Louis University
School of Medicine,

Various interrelationships between the finer vascular nerves and neurohumoral
mechanisms active in the walls of blood vessels have been postulated. One phase
of this problem is being studied by eomparing seetions of blood vessels of the cat
prepared by a modified Biclschowsky silver technique to show the terminal nervous
network, with scctions of the same blood vessels in which cholinesterase has been
demonstrated histochemically by the long-chained fatty acid ester technique or
by the thiocholine technique. The results of the histochemical techniques have been
checked ench time by subjecting sympathetic ganglia to the same procedures as
ihe blood vessels.

Tn arteries cholinesterase is loealized chiefly in the media. Its appearance as
coarse granules seattered throughout the. media, as somewhat smaller granules
somefimes limited to the periphery of the media, or as a non-granular brownish
gray component of the media is determined in part by the pH of the substrate
solution, Individual variations in amount of cholinesterase of the same arteries,
and the variations in amount in arteries of different sizes in the same individual
appear to correspond with determinations that have been made by other methods.

In the silver preparations, the nervous network is localized in the adventitia. The
portion of the net which is close to the media has been suggested to be efferent
in function. In the preparations studied, the boundary of the adventitia with the

media is the important site where the terminal nervous tissues come into contact
with tissues containing the enzyme.

1 Alded by a prant from the Public Wealth Service (B-497 C5).

177. Morphology and histochemisiry of a vermiform nerve end organ hitherto

undeserived in mouse dermis. C. . U. CHU and C. A. SWINYARD, Depart-
ment of Anatomy, University of Utah College of Medicine.

Whole mounts of mouse dermis separated by immersion in one per cent formie
neid reveal o vermiform structure which, when stained with Holmes ' Romanes’ and
Badinn s tietheds, proves to be a nerve end organ.

. Lach end organ is encapsulated by a single layer of cells. Within the capsule
1 2 thick Iayer of “‘granular substance,’’ in which the myelin is dispersed in
manudnr form. Aniline neid fuchsin stains the entire ‘‘granular substance?’

diffuee red eolor. The axis eylinder of the nerve fiber continues into the ‘‘granu
ar sulatanee?? ceensionally terminnting in a knob.
Many histos

a

. Lemienl tests have heen performed fo determine the composition of
’e :ml organ. Rinee the tissue hae heen freated with one per cent formic acid
whish nipht affee ili i ;
boraght affeet the solubility or chemical nature of a certain compound, a
vt e H 3 3 ) )
#aive reaction dees not necessarily mean its abgenee. However only posit’ivc
ot dndienting 1.0 : i i ’ '
Y Jeplveol, unsaturated fatty acids, amino aej
; atty acids, ¢ acids and i
b precste) and diseuseed. whers il

-
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9. Cerebellar stimulation in unanesthetized fish. Sam L. CLARK, Department of
Anatomy, Vanderbilt University.

Preliminary experiments demonstrated the feasibility of stimulating the cere-
bellum of the unanesthetized gold fish (6 to 7 inches in length) by means of a
small implanted electrode built of balsa or plastic with light insulated wire at-
tached. Fish were stimulated while swimming freely in a porcelain sink in water
about five inches deep. Sufficient free wire allowed the fish to reach any portion
of the pool. Stimulation was done with a constant current stimulator (Mont-
gomery, L. H. and J. W, Ward, 1951) and effects were obtained with less than
1ma. Results of stimulation were observed as changes in direction or spontancous
spurts of swimming, associated with fin and eye movements. The pattern varied
with the point on the cerebellum that was stimulated. Stimulus of posterio-lateral
areas was accompanied by circling or spiralling homolaterally, followed on cessa-
tion of the stimulus by rebound movements tending to be mirrored images of the
phase of stimulus. These resembled in pattern part of the responses elicited from
the cerebellum of the cat with implanted electrodes (Clark, 1939). Thus far no
long after-effect comparable to that seen in the eat has been observed.

85. A possible role of the polymorphonuclear leukocyte in the production of fever
in the rabbit by injections of bacterial pyrogens or antigenic proteins. Sam
L. CLARK, Jr.*, Physiology Division, Naval Medical Research Institute.
(Introduced by R. 8. Farr)

A transient, profound granulocytopenia precedes the fever produced by an intra-
venous injection of bacterial pyrogen. A comparable picture may be produced by
injections of antigenic proteins. Thus, Farr (Abstract submitted to Am. Assn.
Anat., 1954) has shown that those rabbits which develop antibodies in response
to injections of bovine albumin, eventually respond to the injections with fever;
and we find that a granulocytopenia precedes this fever also.

An effect of these substances on the granulocyte can be demonstrated in wvitro.
Incubation of the agents with rabbit blood produces vacuolization and disinte-
gration of the heterophil leukocytes. The cells were observed in wet preparations
by phase microscopy and compared with suitable controls. The conditions neces-
sary to elicit this effect suggest that antibody is required for the action of protein
antigen, and, similarly, that humoral factors operate in the pyrogen system.

These findings suggest that a common mechanism involved in the production
of fever after injections of bacterial pyrogens, or proteins in sensitized rabbits,
may be lysis of granulocytes and the release of a fever-producing substance,
such as that described by Bennett and Beeson (1953).

161. The perforatorium, an extcnsion of the nuclear membrane of the head of
the rat spermatozoon. Y. CLERMONT*, Department of Anatomy, MeGill
University. (Introduced by C. P. Leblond)

By staining techniques and electron microscopy, it is possible to differentiate the
acrosome and perforatorium — two structures which, together with nucleus and
head cap, compose the head of the rat spermatozoon. The acrosome — a rod-like
structure embedded in the head cap —is independent of the nucleus. The per-
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foratorium, on the other hand, is closely associated with the apex of the nucleus
and extends beyond it as a narrow, tapering pyramid. -

To determine the relationship between perforatorium and nucleus, suspensions
of spermatozoa treated with a IN sodium hydroxide solution were examined by
phase contrast microscopy. Under these conditions, the acrosome and head eap
dissolved rapidly, the nucleus more slowly, and the nuclear membrane and the
perforatorium persisted. Thus, the last two structures were found to be continuous.
Furthermore, the three prongs by which the perforatorium is attached to the
nuelear apex could be identified as thickenings of the nuclear membrane.

It is suggested that the perforatorium is an outgrowth of the nuclear membrane
arising as a result of the changes taking place in the head of the spermatid during
the lutter part of spermiogenesis.

165. Histochemical observations on ihe Harderian gland of the albino mousc.
Sidney A. COHN?*, Division of Anatomy, University of Tennessee. (Intro-
duced by Laurenee R. Fitzgerald)

The Ilarderian gland is a compound {ubulo-alveolar, apocrine gland situated
behind the eyeball. The glandular epithelium consists of a single row of pyramidal
cells resting on a basement membrane. These cells are filled with sudanophilie
droplets. Aggregated droplets together with some of the apical portion of the
cells are extruded in the form of globules, The coalescence of several globules
within a lumen forms a large sudanophilic mass within which the identity of the
droplets is retained. In addition to its lipid secretion the gland usually contains
a characteristic porphyrin-pigment in several of its alveolar lumina.

Glycogen is not demonstrable in the mature gland with the periodic acid-Schiff
technie. There is, however, an unknown material in many lumina which recolors
the Schiff reagent; this material shows great variability in amount, intensity of
coloration and disfribution. There is a negative correlation between the amount
of this Schiff-reactive material and the amount of pigment. Pigment ig rarely
{ound except in those lumina that also contain the Sehiff-reactive substance. ;;&

relatiomship may exist between this Schiff-renctive material and the formation
of the porphyrin-pigment.

S6. Subenlancous suspensory mechanism of penis and serofum in 55 series of gross
stclions, photographically recorded. Also the suspensory penile liga‘meni
(ENA4). E.D.COXGDON and J, M. 1

SSENBERG, Department of Anatomy
The Chicago Medical Sehool. ! omy,

. A subcutaneous suspensory meehanism of penis and serotum was photographed
I over 59 ceries of sections in three planes. Tt is formed of eonneeting fibrous
sheets or masses imbedded in fatty arcolur tissue. Tts ecentral part is made u.;
almest entirely of fine elastic fibers, It changes continuously 'in pattern whefx
traced caudally from the Jevel of the anterior superior iliac ;pines to the penis
and rerotum, s structure varies with the thickness of the o
t has a wide dorsal attachment to the museulo-skeletal lav
) The regment of the mechanism eranial to the superfici ;
motraneverse seetion or, if connected with the superfici

subeutaneous layer.
er of the hody wall.
al inguinal rings is oval
al faseia, spindle shaped.
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It is formed largely of a mnet of sheets. Its intermediate division between the
rings and penis and scrotum has a dense central body triangular in transverse
section and a system of sheets extending laterally to form gutters for the spermatic
cords. The medial origin of these sheets from the central part is continued caudally
onto the dorsum of the penis. The cranio-caudal extent of origin and of it and its
gutters is more than 5 em. These gutters open on their medial side, were distorted
in dissection by MeGregor to form his ‘“third inguinal rings.’’

The suspensory penile ligament (BNA) which lies deep to and largely inde-
pendent from the subcutaneous mechanism is a three dimensional net of fibrous
bands several millimeters in thickness.

88. Mast cells and human atherosclerosis® Paris CONSTANTINIDES and Alex-
ander CAIRNS*, Department of Anatomy, University of British Columbia.

Mast cells were counted in toluidine blue stained paraffin sections from the
formalin fixed myocardium of 46 young adults without evidence of atherosclero-
sig, 48 senile adults with marked generalized atherosclerosis, and 48 senile adults
without evidence of atherosclerosis. The three groups were evenly divided in
males and females., Evaluation of the heart mast cell counts of these mixed
populations showed that: (1) Atherosclerotic seniles had a lower count than
non-atherosclerotic young adults (p less than 0.001). (2) There was no significant
difference between the counts of non-atherosclerotic seniles and non-atherosclerotic
young adults. Comparison of male and female counts revealed that: (1) Among
the non-atherosclerotic young adults, the males had a lower count than the fe-
males (p between 0.02 and 0.01). (2) Among the females, atherosclerotic seniles
had a lower count than non-atherosclerotic young adults (p less than 0.001). (3)
Among the females, there was no significant difference between the eounts of
non-atherosclerotic seniles and non-atherosclerotic young adults. (4) There were
no significant differences between the counts of the males in the three groups.

These findings will be discussed in the light of some theories concerning the
pathogenesis of atherosclerosis.

! Supported by the National Research Council of Canada.

93. The pituitary erythropoictic factor.' A. N. CONTOPOULOS*, M. E. SIMP-
SON, D. C. VAN DYKE*, S. ELLIS*, J. H.  LAWRENCE* and H. M.
EVANS, Institute of Experimental Biology and Donner Laboratory, Univer-
sity of California, Berkeley.

Remorval of the pituitary results in a severe and progressive anemia with ap-
proximately 50 per cent decrease in hematoerit, hemoglobin and red cell volume.
Ablation of the thyroid, adrenals or testes, alone or in combination, results only
in 2 mild anemia. Administration of the target organ hormones, singly or in com-
bination, does not repair the post-hypophysectomy anemia, although these hor-
mones repair the anemia resulting from their respective deficiency states. HOw-
cver, administration of pituitary extracts results in repair of post-hypophysectomy
anemia as judged by red blood cell counts, hemoglobin, hematocrit and red cell
volume determinations. The stimulation of erythropoiesis is also shown by an in-
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creased number of circulating reticulocytes and normoblasts. Evidence is pre-
gented that this pituitary erythropoietic factor does not stimulate erythropoiesis
through any of the known pituitary target organs since it stimulates red cell
production in the absence of the pituitary and target organs. This factor when
given orally or parenterally to the normal rat produces polycythemia.

1t Qupported by U. S. Public Health Grant A-366 and the Atomic Energy Commission.

39. Effcets of reduced blood supply on the chemistry and histology of bonel
Carl C. COOLBAUGH, Department of Anatomy, Wayne University. (In-
troduced by F. Gaynor Evans)

Surgical reductions in the blood supply to bone compacta have been shown
o cause an initial postoperative interval in which the density and modulus of
clasticity are reduced; and a secondary postoperative interval in which they are
botl increased.

Previous chemieal analyses of the inorganic constituents of the bone have been
correlated with analyses using Ca® and P* in an attempt to further relate them
{o the changes noted in the physical properties of the bone.

! Supported by a research contract with the National Arthritis and Rheumatism Foundation.

ar. Alloxan inactivation of coenzyme A and the liver acetylating enzyme, S. J.
COOPERSTEIN and Arnold LAZAROW, Department of Anatomy, Western
Reserve University.

In vitro studies were ecarried out in which either the acetylating enzyme or the
coenzyme A was preincubated with alloxan (.002M to .000025M) at pH 7.4 for
60 minutes. The other components of the system (Kaplan and Lipman) were
then added and the rate of sulfonamide acetylation was measured in the pres-
ence and absence of added cysteine. In control experiments the alloxan was
preincubated in buffer (pH 7.4) and the decomposition product (alloxanic acid)
was then added to the test system.

Preineubation with .0005M alloxan inaetivated 709% of the acetylating en-
:tymc.:u\d 30% of the coenzyme A (acetylation measured in the absence of added
(:yslcme). Sinee the probable maximum in vivro concentration of alloxan f‘ollo ;
ing 'the intravenous injection of 40 mg/kg is in the neighborhood of ‘000’4M (“-
saming that the dinbetogenic dose is uniformly distributed throu. hout b?is:
water), the observed enzyme inactivation may le of physiological gimport'u(:ce}

Signifieant in vitro innetivati i
i activation of other enzymes (hexokinase, phosphohexokin

]\hnﬂp!mg ase,

P ‘llt;iiixltn‘x(::( ':::G ts.uccinlic dehydrog.cnasc) has been observed previously
oy “.m‘m . z‘ ra mns..uhout, five times greater than the probable maxi-
alloxan concentration,
N;I!“m’xph the si;:!liﬁr:l.nco of the acetylating enzyme is not known
HiE suguest that the dinbetopenic mechanism of alloxan mav be rel:’sted to its

W hy :i(’n A :”l Qlllx} YUry A 3 Simi r CNnzvINe St ) 1 €S 1w ” l
& ¥ i G l enzyvme lmlh 3 i
181 & . i . - EATS I ._l]‘ utlies 3 T
Y ing !‘(‘ l\‘"ﬂh"ll ;.'2!(.\ li.‘?“!' “f !lch ! e “ndertake'ﬂ:

these re-
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100. Anatomical factors affecting the physical resolution of directional counters
used in I*™ tracer studies of human thyroid glands.! P, L. COX* and L.
G. STEVENS-NEWSHAM?*, Departments of Anatomy and Radiology, Me-
Gill University. (Introduced by Professor C. P. Martin)

In vivo determinations of the overall mass and finer structure of a human
thyroid gland by I'™ tracer studies depends not only on the characteristics of the
isotope and detection apparatus used but also on anatomical and physiological
variables within the gland itself.

To study such variables, a hollow plastic model of a human neck was filled with
a set of cervical vertebrae, a rubber model of a trachea and larynx, a hollow
plastic model of the thyroid gland of an anatomical subject, and water. The
model of the thyroid was filled with a graded series of concentrations of isotope,
either as a simple solution or enclosed in a series of glass or plastic spheroids
similar to the follicles of a normal gland. Such variables as the effect of gland
diameters, distance from detector, size, distance apart and differential in con-
centration between spheroids and general isotope concentration in the gland were
determined by making a series of standard measurements with three types of
counter, namely: beta, gamma and scintillation.

From such measurements the usefulness and errors inherent in the use of such
counters will be discussed as well as their application to typical human tracer
studies.

1 Supported by The National Cancer Institute of Canada.

4. Action potentials in tissue cultures of chick embryo spinal ganglia.! Stanley
M. CRAIN*, Department of Neurology, College of Physicians and Surgeous,
Columbia University. (Introduced by Fred A. Mettler)

Action potentials in response to electrical stimulation have been obtained from
chick embryo spinal ganglia after being cultured by the Maximow slide method
for as long as two months. Intracellular as well as extracellular recordings have
been made via electrolyte-filled glass pipettes whose tip diameters were much
less than 1 micron. The membrane resting potentials of these ganglion cells
ranged from 40 to 65mV., and the evoked action potentials, 50 to 95 mV. The
responses began after latencies of 0.3 to 12 msee. The spike was usually preceded
by a slowly rising ¢¢prepotential’’-and followed by a long phase of hyperpolariza-
tion. The duration of these action potentials, excluding the last period, varied
from about 2 to 5 mseec. Many interesting potential patterns have been observed
as o function of the stimulating and recording relationships, and also during the
process of cellular deterioration following impalement. In some cases, intracel
lular responses could be obtained as long as 30 minutes after penetration, but
usually both resting and action potentials either were seriously distorted or dis-
appeared within a few minutes. Since the experimental arrangement permits
simultaneous visual observation with a high powered microscope, the potentialities
for detailed correlation of structure with function are quite promising.

1S}1pported by research grant mo. 13-105 from the National Institute of Mental Health of
the National Institutes of Health, Public Health Service.
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168. Permeability of the rabbit placenta to glucose and fructose. Jack DAVIES,
Department of Anatomy, State University of Towa.

The placental transfer of glucose and fructose in sixty rabbits %1:}5 been stud-
jed from the fiftcenth to the last day of gestation in normal conditions and fol-
lowing the parenteral administration of controlied amounts of these sugfn's. The
fetal blood and also the ammiotic and allantoic fluids normally contain 50 to
90 mg % of glucose and small amounts of fructose (3-6mg %). The .latter was
estimated by Roe’s method and has also been identified chromatographieaily.

Fructose has been found to penetrate with difficulty into the fetal fluids in
marked contrast with glucose. Fetal blood levels of fructose are also low com-
pared with those following the injection of glucose. There is evidence that some
of the injeeted glucose is transformed into fructose during placental passage.

The possible causes underlying this differential permeability of the placenta to
the simple hexoses, glucose and fructose, will be discussed in terms of the mecha-
nism of placental tramsfer and in relation to the gemeral problem of the fetal
fructose which has remained a biological enigma since the time of Claude Bernard.
Tlistochemical studies having a possible bearing on this problem, notably of alka-
line phosphatase and of glycogen, will also be presented.

174, The cffects of Aminopterin (4-pleroylglutamic acid) and cstrogen on the
phosphoprotein phosphatase of the rat uterus. James S. DAVIS*, Division
of Anatomy, University of Tennessee. (Introduced by S. R. Bruesch)

Previous work has shiown that Aminopterin and estrogen, when administered
simultancously to castrate weanling female rats, cause a striking increase in the
incorporation of radioaetive phosphorus inte the phosploprotein of the uterus, as
compared to uteri treated with estrogen alone. In an attempt to relate this ob-
servation to an effect of Aminopterin on some specific enzyme system, no cor-
relation could be found between activities of acid and alkaline phosphatase and
the turnover of phosphoprotein phosphorus.

In the work to bhe reported uteri treated as above were assayed for phospho-
protein phosphatase activity by Norberg’s method (Acta. Chem. Seand., 4: 1206-
15, 1950). Preliminary experiments indieate that Aminopterin causes little change
in'tho aclivity of this enzyme from which it might he concluded teutatively that
this enzyme is not dircetly concerned in the turnover and synthesis of phospho-
prolein. These experiments also indicate that the activity of this enzyme is

somewhat higher in the uterus of the weanling rat than in that of the adult.
The results will bie disenssed in relation to uterine growth,

{5, Instantancous ares of rotation of the major cxtremity joints? Wilfrid T.

DEMPSTER, Department of Anatomy, University of Michigan,

The wrist, ankle, elbow, kuee, humeroseapular, and hip joints of cadavers have
1:*‘:0!1 analyred kinematieally to determine the location of the effective centers of
suint rolation, Joint contaets are not strietly congruent; for one angular position

¢:~rtnax'-. areas of male and fomale surfaces are in contact, but for another position

!;w trpions of eontact change, In joints of one degree of freedom there may he
thee T feare \ > 3 im i iy

Hee o e conlacl areas {or a piven joint angulation. The number, position

* ?
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shape, and area of contacts change with rotation angle, so that each new contact is
freshly lubricated with synovia. Although joint surfaces slide smoothly, the instan-
taneous axis of rotation for any joint follows a distinctive path as the joint is
moved through its range of angular positions. Accordingly, no joint has fixed axes
like pin-centered mechanisms, Instead the effective joint eenter shifts its Jocation
from instant to instant with different angular positions of the joint. Considerable
variability in axis movement has been found from specimen to specimen for the
same joint. The areas of contact for different joint angles as well as the eurvature
of articular contours and the paths of instantaneous centers for various angular
positions will be illustrated.

1 Supported by a contract with the Aero Medieal Laboratory, Wright Air Development Cen-
ter, Wright-Patterson A. F. Base, Ohio.

126. Observations on iodine metabolism in embryos of the terrestrial salamander
Aneides anaeus. J. N. DENT,* Biology Division, Oak Ridge National Labora-
tory.

The development of numerous specimens of the bronzed salamander, dneides
anaeus, was followed from early limbbud stages throughout hatching and gill
resorption. Its developmental morphology was found to differ from that previ-
ously deseribed for another entirely terrestrial Plethodontid salamander, Plethodon
cinereus (Dent, ’42), only in minor detail. On the basis of histological observations,
Dent (’42) concluded that the thyroid gland of P. cinereus functions only during
the final stages of development. Autoradiographic preparations made from em-
bryos of 4. anaeus which had been immersed in solutions containing I** showed
that their thyroids begin to fix iodine near the end of the ‘‘intraoval’’ period
and shortly before their gills reach maximal growth. The amount of iodine fixed
in the thyroid then inereases greatly as the gills regress and hatching ensues. No
very marked localizations of iodine were found outside the thyroid; however, some
iodine was retained in the developing skin and in the yolk of all stages studied
and in the eye after the beginning of thyroid function. Destruction of the thy-
roid by immersion in solutions containing I** at the stage of maximum gill ex-
tension did not prevent these animals from passing through the final stages of
development.

10n leave from The University of Virginia,

109. A4 submicroscopic vesicular component in nerve satellite cells and in Schwan?
cells. Eduardo D, P. DE ROBERTIS and H. Stanley BENNETT, Depart-
ment of Anatomy, University of Washington.

Electron micrographs of sections of buffered osmic fixed sympathetic ganglia
of bullfrog and leopard frog revealed numerous capillaries, Schwann cells, and
satellite cells attendant on ganglion cells. In confirmation of Palade, the capil-
lary endothelial cells showed numerous vesicles, 400-600 A in diameter, most
abundantly in layers immediately adjacent to inner and outer capillary cell sur-
faces. Many of these vesicles communicated with endo- or pericapillary spaces
by stomata which perforated the endothelial cell wall. Similar vesicles were en-
countered in Schwann cells and in satellite cclls of sympathetic ganglia. These
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vesicles were similar in size to those in capillaries, and some were f)bserved in
like wanner to communieate with intercellular space through tubulfa-hke st‘omata
or openings. Bemg receptive to Palade’s suggestio'n that the submicroscopic ves-
icles in capillary endothelium may represent fluid in tranisp(_)rt by the.process of
pinocytosis on a submicroscopic scale, we postulate a similar behavior by the
Schwann cells and satellite cells.

179. Some afferent conncctions of specific nuclear masses of the hypothalanus?
Gino DI VIRGILIO*, Department of Anatomy, University of Ottawa. (In-
troduced by J. Auer)

With the aid of the Horsley-Clarke stereotoxic apparatus, localized lesions
were placed in 32 cats in the region of the septum, preoptic area, caundate nucleus
and internal eapsule, midline, supraoptic area, lateral thalamie nuelei, midline
nuelei of the thalamus and dorsomedial thalamic nucleus.

The bouton technique confirmed the following tracts: septo-paraventricular,
thalamo-paraventricular from dorsomedial thalamic nuclens, thalamo-periventricu-
lar from the midline nuclei of the thalamus, medullary-paraventricular from dor-
solaterally placed structures; commissural fibers to supraoptic, suprachiasmatic
und ventromedinl hypothalamic nuelei, and a thalamo-infundibular traet to in-
fundibular aren,

Incidental to the above project, cortico-thalamic fibers were observed to reach

the principal midline nuclet of the thalamus, the nuclens centro-median and the
contralateral anterior thalamie nuelei.

! Supported by a grant from the National Research Council of Canada,

&2, Qbservations on ncuroscevetion in the hypothalamo-hypophyseal system in a

case of diabeles insipidus in man. Glenn A. DRAGER and Glenn V., RUS-
SELL*, Department of Anatomy, The University of Texas Medienl Branch.

The patient, a 43 year old white male, was admitted to the neurologieal service
of Jolm Sealy Hospital in April, 1953 after having had several ¢fstrokes’’ be-
ginning in January, 1833, Among other neurological findings it was noted that
he consumed and voided eight to ten liters of water per dn_v.‘ Urine concentration

test showed specifie gravity of 1.000G, confirming earlier suggestions of dinbetes
insipidus. Patient expired in September, 1953 and the hypothalamus and hy-
pophysie were secured at nutopsy., )

Gross examination revealed numerous encephalomalacic areas resulting from
vasenlar accidents, marked dilation of third ventricle, and enlargement of the
median cwminence.  Sections of the hypophysis showed disorganizﬁtion of eyto-
logical clements and absence of neurosceretion in the posterior lobe (nzocm-x;ﬁnc
and Gomeori stains), Serin) seetions of the hypothalamus showed a vascular

‘ ae-
cident had severed the upper area of infundibular stalk resulting in slight retro
ve S H 3 H ‘ ' )
;rnde changes in the supraoptic and paraventricular nuelei, Joss of neuroseere-

: It 4} H H
i i these nueled, and in the hypothalamo-hypophyseal pathway (Nissl, myelin
and Goamord stains) although nenroseeretory m r X ’

aterial can be routinely
' . 1 d demon-
wirated in nnaffected autopsy brains, )

Besulte § ¢ . i insipi i
‘.\ hh m onsecond ease of dinbotes insipidus whick has recently become avail-
bl witl Ve reported. . o
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185. Additional observations on hyperstaining myelin and alterations of neu-
roglia induced by restricting the growth of the spinal cord. Donald DUN-
CAN, Department of Anatomy, The University of Texas Medieal Branch.

The author has previously reported that local restriction of spinal cord growth
in young rats by ligature may cause changes in staining properties of myelin ac-
companied by inereased numbers of supporting cells resembling those of neu-
rilemma. The alterations were found in a group of rats with ligatures placed in
the upper lumbar region. In this group extensive cavities above and below the
ligature and functional impairment of the hind quarfers suggested that trauma
at the time the ligatures were applied might be a cause of the hyperstaining
myelin and the neuroglial alterations. Consequently, in another group of rats
ligatures were placed at the second cervical level with very little or no damage
to the spinal cord at the time of operation. In this series no cavitation of the
cord was produced and the animals were without symptoms between the time of
operation and sacrifice three months later; however, the changes in stainability
of myelin and the appearance of the supporting cells are the same as in the
previous series. It is comcluded that the modifications produced in the structure
of the spinal white matter are not a result of initial trauma to the spinal cord,
not chance findings unrelated to the experiment, but reproducible changes devel-
oping as a result of preventing the normal increase in diameter of the growing
spinal cord. '

120. BMembranous connective tissue. Hans ELIAS, Department of Anatomy, The
Chicago Medical School.

Fibers, when sectioned, appear as dots or short lines. If a fiber is to appear
as a long line, it must be located in its entirety within the slice. This occurs
very seldom. Thus, if van Gieson positive lines are abundant in sections, the
presence of collagenous membranes in the tissue must be postulated.

Collagenous membranes occur in the human liver in eirrhosis; in the zona glo-
merulosa of the normal, human adrenal cortex; in the normal, human mammary
gland and in the degenerated pancreas of dogs after ligation of the duet.

Fibrous and membranous collagenous tissue may be mixed; or one kind may
be present to the exclusion of the other. '

Collagenous membranes are frequently suspended in the meshes of reticular
fiber networks, much as soap films in a net after dipping it into soap solution.

When the patterns of argyrophile and van Gieson positive material are jdenti-
cal as in the adrenal capsule, it is suggested that argyrophile fibers are coated
with eylindrieal films of collagen.

Where membranous collagen is found, fibroblasts are rare or absent. Mem-
branous collagen seems to arise as a product of condensation of ground sub-
stance or tissue fluid. Some of this may be plasma which has seeped out of
capillaries. Decomposition products of necrotic cells may also play a role in the
genesis of collagen membranes.
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3 ion invok intained in female rat hypophyses by
53. Lutecolrophin secretion invoked and main
’ transplantation to the renal capsule. John W. EVERETT, Department of
Anatomy, Duke University School of Medicine.

Adult female rats on the day after ovulation were hypophysectomized para-
pharyngeally and the pars distalis implanted in the left re.nal capsule. In se-
ries I the uteri were traumatized 4 days later and the sub;ect.s were autopsied
on day 8. Completeness of hypophysectomy was established histologically. Re-
sults: large deciduomata in all engrafted animals (6 completely hypophysecto-
mized and 6 retaining minute fragments), no deciduomata in non-engrafted con-
trols (3 completely hypophyscctomized and 6 retaining minute fragmel.lts).

In series TT the test for progesterone secretion was vaginal mucification in the
preseuce of an excess of estradiol benzoate (a total of 125 ug., in oil, given sub-
cutancously during the week preceding autopsy). Four rats were killed 33 days
after transplantation, 1 at 50 days, 3 at 60 days and 1 at 90 days. All had
mucified vaginas and cach had a healthy set of large corpora lutea (ca. 2mm.).
These apparently constituted the original set; other parts of the ovaries were
markedly atrophie.

In part the results confirm Desclin’s (1950) conclusions: hypophyses isolated
from the hypothalamus can nevertheless secrete luteotrophin. However, they for-
ther demonstrate that stimulation by estrogen, as Deselin employed it, is not es-
sential; tramsplantation in itself favors luteotrophin secretion. It is suggested
that during the usual short cycle of the rat the hypothalamus tends to inhibit

this funection, although incompletely, permitting only low-grade corpus luteum
activity.

&9, Correlated cytological and pharmacological observations on the velease of his-

tamine by mast cells. Don W. FAWCETT, Department of Anatomy, Harvard
Medical School.

Experiments were designed to adduce more compelling evidence than is cur-
rently availuble that mast cells produee and release histamine. Solutions known
to affect mast cells or known to release histamine were introduced in 20 ml.
amounts into the peritoneal cavity of adult rats where they had aceess to a
largze population of mast cells in the serous membranes. At intervals, samples
of }‘he injected fluids were withdrawn and assayed for histamine on the atropinized
;':umr'n-pi;: ileum, while the associated morphology of the mast cells was studied
in slained spreads of mesentery.

Injection of distiled water caused osmotic disruption of mast cells and re-

]."rw.) of small amounts of histamine (15-30 pg) into the peritonenl eavity., In-
3(<Tsx<»!1 of Tyrode solution containing 300 ug of the potent histamine lil;erator
‘.‘(.fov.npmmd 487807 resulted in release of many granules from mast cells and
Hbertion of Jarge amounts of histamine (100-190 gg). I¥ fhe mast cells ;1qd
I:wn destroyed by intraperitoneal injeetion of distilled water several day :

Yer, then injection of “*48/80° eaused no rele 5o Oheonn.

ase of histamine. Thes
s, 1h ' . se observa-
nenw strongly support the thesis that mast cells are unusually

wliel K YU . vas
wlich e orelensed under experimenial eonditions which ¢

erinuber,

rich in histamine
ause them to discharge
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15. The nervi tentorii and intracentral pain. William FEINDEL*, Department
of Neurology and Neurosurgery, McGill University, and The Montreal Neuro-
logical Institute. (Introduced by F. L. McNaughton)

The origin and course of the nervi tentorii in man have been studied by
osmic acid staining of autopsy specimens and by stimulation and subsequent
novocaine block of their pain-conducting fibers during intracranial operations
carried out under local anesthesia in conscious patients. They branch from the
ophthalmie division of the trigeminal nerve to form a conspicuous nerve plexus
which is distributed to the tentorium, falx cerebri, and ocecipital dura and along
the venous sinuses enclosed by these leaves of dura. Some small bundles from
the nervi tentorii also leave the dura to course along the large cerebral veins in
the parieto-occipital region. There is an overlap of the territory of the mervi
tentorii by fibers from the middle meningeal nerves and by the dural nerves
from the posterior fossa. Many fibers in the nervi tentorii are larger in diame-
ter than those usually considered to conduct pain impulses, and these may have
other functions., The anatomical features of the nervi tentorii indicate their sig-
nificanee in relation to intracranial pain mechanisms.

146. Effect of gonadotrophic hormone on cross-strain grafting of ovaries be-
tween inbred strains of mice. Lloyd FERGUSON* and Arthur KIRSCH-
BAUM, Department of Anatomy, College of Medicine, University of Illinois.

Many adult normal tissues and organs of mice, e.g., ovary, lung, intestine,
uterus, spleen, ‘‘take’’ when grafted into the subcutaneous tissue of the mouse
ear if the donor tissue and recipient host are of the same inbred strain. If domor
and recipient are of different strains, then the grafts may survive temporarily,
but usually degenerate within 3 weeks.

The effect of gonadotrophic hormone on survival of ovarian grafts between
strains was tested. The C57 BL and Strong A strains were used. Ovaries of
40-day-old mice were grafted into a subcutaneous pocket of the ear as follows:
(1) C57 BL into gonadectomized and intact young adult C57 BL females and
males, (2) C57 BL into castrated male Strong A’s, (3) C57 BL into castrated

. male Strong A’s which received 5iu. daily of pregnant mare serum.

Inter-strain ovarian grafts (from C57 BL into Strong A) all degenerated within
3 weeks unless the hosts were treated with pregnant mare serum. In these the
ovarian grafts contained viable tissue for 5 weeks, when degeneration occurred
although treatment was continued. Inter-strain grafts were hyper-stimulated
by the gonadotrophic hormone as soon as vascularized.

Although intra-strain grafts ¢‘took’’ (6 week survival or greater) in either
gonadectomized or intact mice, the ultimate fate of the graft was determined
by the status of the host, that is, gonadectomized or intact, more grafts persisting
indefinitely in gonadectomized mice.

Treatment of recipients with 400 r of x-rays, or 300 plus 1mg of cortisone
daily, or cortisone alone did not improve inter-strain grafting. This procedure
has resulted in temporary survival of human cancerous tissue in rats (Toolan,
’51).
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04. The development of a strain of mice with a ligh incidence of adiposity-.‘
Frouk 1. J. FIGGE, Department of Anatomy, University of Maryland Medi-
eal School.

1t was noted several years ago that there was a high ix.xei'dence of adiposi?y in
the progeny of black and white mice resulting- from hybfxdxzmg a. CBAXN with a
Strong A mouse. After the initial hybridization, the miee were ml?red for sev-
eral generations and selected for blaek and white coat color. While tl.lere are
severnl strains of obese mice in existence, it appeared desirable to continue the
inbreeding of these mice for the following reasons: The distribution of the fat
and the age incidence of the adiposity appeared to parallel the anatomical dis-
tribution and age incidence of adiposity in the human subject. The mice in
this strain which exhibited obese characteristics beeame overweight at the age
of ahout 4 months. As the abnormally high rate of differentiation of fat cells
continues, the mice of this strain reach an average weight of 1 1/2 times that of
a2 normal mouse. The adipose members of this strain (50%) became 2 to 3 times
the weight of a normal mouse, The weight curves of Jarge numbers of these
mice and mice of nen-obese strains have been studied and compared. Data will
he presented on other physieal characteristics of these mice. The histology of
endoerine organs and other structures will be diseussed.

2 Supported hy a grant from the American Heart Association,

188, Lethality of injected sodinm cyanide foward neonatal mice. Laurence R.
FITZGERALD, Division of Anatomy, University of Tennessee.

When {resh, unbuffered solutions of sodium cyanide are injected subeutanecously
into newbortt and adult mice, marked differences between the two groups are
noted. In newborn mice jujected at 24~26°C, 30~70 minutes elapse before the
animal is obviously dead, in contrast fo the adult, which dies in less than 4
minutes,

If the ultimate death or survival of the animal is the only factor measured,

the newhorn ig found to he more suseeptible to this poison than the adult. The
L1, for newhorn mice is about 2.3

S mg/ke., whereas the LD, for adult males
and females is 5.0 and 3. respectively,

Since most of our information coneerning the resistance of the newhborn to
anoxia and anoxie agents has come from studies in which the persistence of move-

ments hus been measured, the results presented liere seem to eall for a careful
re-csamingtion of the effeets of anoxin,

co . .
JeOo dpparent production of progeslerone by human fetuses at ar near

. L . term?
Thomas R, FORBES, Department of Anatomy, Yale University,

Yo -e - I H
Oue ce, hlond simples were drawn from the umbilical arteries and v

ML IR - . .
wmlnts barn spontanconsty or delivered by Caesarinn seetion
ol )

eing of 15

: ‘ Al samples were
dned prior fo placental separation and just before or after the cord was

el “ The .y oy N
peds Eaeh snmple was citrated and prowmptly refrigerated Plasma pro
- A4 oy ' -

Loeterane fevels were determined by st Bieassay whicl s sensitive and relativelv
Treurites gresteronn e AR ) ‘ -

: Yoy Wf pesterene i the ouly known, naturally occurring enmpound whiel
ERUR O pitve assnw Toapanse, o
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Plasma from the umbilical artery of one baby contained < 0.4 microgram pro-
gesterone/ce., while the corresponding venous plasma contained 5.0 pg/ce. Pro-
gesterone levels were the same or nearly so in the umbilical arterial and correspond-
ing venous plasmas of 5 babies, although progesterone concentrations ranged from
less than detectable levels in one of these infants to 2.3 pg/ce. in another. Umbilical
arterial plasmas from the remaining 9 babies contained 2-18 times as much pro-
gesterone (up to 4.6 pg/ce.) as the corresponding umbilical venous plasmas. When
there is more progesterone in blood leaving than in blood returning to the fetus,
it would appear that the fetus produces the hormone. The fetal source of the
hormone has not been demonstrated; the adrenal cortex may be involved.

1 Supported by a grant from the National Institutes of Health, Public Health Service.

134. Cleavage lines of the abdominal cavity. Joseph H. GARDNER®, Department
of Anatomy, The Creighton University School of Medicine. (Introduced by
R. Dale Smith)

Cleavage lines of the skin have been amply demonstrated in regard to their
development and pattern formation. And it has been shown they represent a
definite arrangement of collagenous connective tissue fibers; and are in reality
lines of tension.

To date studies have been made only in regard to the skin. The present investi-
gation was undertaken in order to determine (1) if cleavage lines existed in the
body cavities and (2) if so, determine their pattern. Fetal specimens and adult
cadavera were used. The peritoneum was pierced by a sharp conical instrument
and the resulting linear wounds were painted black and photographed. Histologic
studies were made from hlocks of tissue containing the linear wounds that were
sectioned in three planes.

A definite pattern was found to exist in the parietal and visceral peritoneum
which reflected not only the influence of gravity but also the effects of internal
forees in the viscera.

189. Energy rich phosphale and other chemical changes in the hearts of vitamin E
deficient rabbits.>* Arthur J. GATZ, Arthur G. MULDER*? and Blanche
TIGERMAN*, Departments of Anatomy and Physiology, Stritech School of
Medieine, Loyola University.

Twelve-hundred gram New Zealand giant rabbits were maintained on a vitamin
E deficient diet. TLittermate control rabbits received the same diet fortified with
ephynal acetate (50 mg/kg). During the 4th week, the vitamin E deficient rabbits
exhibited a marked weight loss, muscular weakness and finally paralysis (being
unable to rise after being placed on their side). The electrocardiograms showed
QRS and T wave changes. Previous reports, by one of us and others, have shown
that some portions of the heart showed necrotic changes.

In this study the beating hearts were rapidly removed from the anesthetized
rabbit, immediately frozen in a mixture of ether and dry ice and subsequently
analyzed for inorganic phosphate, adenosine polyphosphate, creatine phosphate
and glycogen. The inorganic phosphate, adenosine polyphosphate and glycogen
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showed no significant change. The creatine phosphate showed a very marked
reduction, averaging 6.1 mg per cent in the control rabbits and 0.9 mg per eent
in the vitamin E deficient group (P ==0.01). The significance of these changes
will be discussed.

T Supported in part by grant from The Chicago Heart Asgociation to AJ.G.
e .\i(?éd by grant from The National Heart Institute to A.G.DL
2 Decensed.

42, Analysis of sagittal planc forces for the scated subject.! George R. L.
GAUGIIRAN®*, Department of Anatomy, University of Michigan. (Intro-
duced by W. T. Dempster)

Conventional descriptions of muscle action deal with joint geometry and ignore
effects of scgment mass, This study shows how the body produces horizontal
sagittal plane forces by utilization of hody mass for subjects seated without
foot or hack rest. Side view photographs were taken simultaneous with records
of vertieal and horizantal force vectors at the moment of maximum push or pull.
Tstimated masses and centers of gravity of body parts marked on photographs
permitted additional treatment of forces. Under the experimental conditions, up
to 43 pounds of push or pull were found for a 140-pound man. By varying musele
tension over joint systems the subjeet can nlter the position of the resultant
vertienl body component and produce inereased or deereased lever arms. In
pushing, the tendency was to extend the legs, shifting the center of gravity
forward, Similarly, in pulling, the legs were flexed to move the eenter of gravity
backward, Ilip muscle tensions inereased the effective torque by raising the head,
thorax, and abdominopelvic masses so that the opposing force of the vertieal
couple was moved forward. The effectiveness of pulls and pushes was influenced
bath by position of mass and by shifting of fulera.

.—?Sx—x-p‘r;v;n;d—b}‘;‘::o;\trnct with the \ero Medical Laboratory, Wright Air Dev
Wrirht-Patterson A. ¥. Bnse, Ohio, : i iht Air Development Center,

121 A quantitative study on the distribution of phosphorus™ in metamorphosing
tadpolcs (Rana sylvatica). Joseph F. GENNARO, Jr.*, Department of
Biological Sciences, University of Pittsburgh, and Department of Anatomy,

State University Medical Center of New York City, (Introduced by J.
X. Dent)

Ten Iarvac of Rana sylvatica at each of 3 ¢ premetamorphic’’ and 17 meta-
morphic stages of development were immersed individunlly for 24-hr periods in
=3l volumes of spring water to whieh carrier free P (as NaHPO,) had been
added in the amount of 1 pe/ml. Immediately after removal from the radioactive

walution, the gat, liver, panereas, eyes, and hind limbs were dissected free and each
¢ 4

us \':(‘1‘! as the residunl portion of carease, was dried and weighed. The radioactivi-
ties n} each of these structures was then measured and the relative concentrati
ef P7mg dry weight ealeulated in each instance. When the values thus obt'lin(;i1
were pietted apainst the stages of development, it was seen that, in e;xe 1
Wher 11* there wos increase in maes, ossification, or secretion, ther; wasgq :: ,
: Woinerease in the uptake of pliosphorus in the tissues in\'oh'ed‘ 001"
vereely, the atrophie changes of the gut were aecompanied by : o
t}orne uptake, Changes in the 1'% con :

c * . .
K Teln nA N g

r
.
respandit

decreases in phos-

centration of the liv - 3
(yRes in the T cor : t the Nver apparently illustrate
©er the metabolites vsed in development
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183. Axon terminals in the human cerebrum and cerebellum.* William C, GIB-
SON*, Department of Neurological Research, University of British Columbia.
(Introduced by S. M. Friedman)

Normal human cerebral and cerebellar tissue has been examined after staining
with Rio-Hortega’s Double Impregnation Method, using silver nitrate and silver
carbonate. In the motor and visual areas, in the cingulate and hippoecampal gyri,
and in the sub-thalamus and cerebellum, boutons terminaux have been stained
which closely resemble those occurring on the surface of the anterior horn cells
of the spinal cord. The number of axonal endings stained varies conmsiderably
between different cortical areas. The ring-like endings occur on the dendrites as
well as on the cell body of the neuron. Lantern slides will be shown illustrating
their characteristics.

1 Supported by a Federal Mental Health Grant.

17. Correlation of certain neurological dysfunctions with congenital anatomical
abnormalities of the central mervous system in five cats. Lois A. GILLILAN
and Isabel LOCKARD¥, Department of Anatomy, Graduate School of Medi-
cine, University of Pennsylvania, and Department of Anatomy, The Medical
College of South Carolina.

It is possible to correlate certain functional disabilities with anatomical lesions
whether they be traumatic or congenital. These correlations can be made on the
basis of gross funetional relationships to brain segments or in terms of specific
funetion patterns to specific eell groups and fibers or both. In these animals a
variety of ‘‘experimental lesions’’ was present but without the trauma of experi-
mental surgery. The behavior of the cats was observed over a prolonged period of
time and a detailed study was made of the gross and microscopical features of the
brain. One eat with incapacitating motor disabilities was found to have wide-
spread disorders involving motor centers including cerebral cortex, pyramidal tract,
striatum and especially cerebellum. This cat was also very nearly blind and had
a rudimentary lateral genieculate nucleus. Three cats showing extrapyramidal
signs including a fine intention tremor and rigidity of the hind legs had abmnor-
malities of the striatum. In addition, one of these animals was unable to jump
even short distances from one level to another and land on his feet. This cat also
exhibited a marked cellular derangement of the cerebellar cortex. A fifth eat
was unsteady on his feet, had poor righting reflexes and had the high-stepping
gait associated with cerebellar lesions. This animal had small cerebellar hemispheres
and defective cerebellar nuclei,

92. Accumulation of periodic acid Schiff (P.4.8.) positive material during giant
cell formation in vitro. Milton GOLDSTEIN*, Department of Pathology,
Western Reserve University. (Introduced by John W. Patterson)

In a previous paper 2 method was described for the rapid formation of multi-
nucleated giant cells from monoeytes of human blood. Small fragments of the
buffy coat were explanted on the surface of perforated cellophane in D-5 Car-
rel flasks.
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Tn the present study the periodie acid Schiff (P.A.8.) reaction was applied ’fo
fhese cultures after varying periods of incubation. The cultures were fixed in
Carnov’s acetic aleohol for 20 minutes. The material was carried down to water
and the P.A.S. reaction was performed. The P.AS. reaction was negative in the
monocytes in early cultures (one to 5 hours). As the cultures were incubf\'fed
for longer periods of time there was an intense accumulation of P.A.S. pomt'we
material which was non-particulate in nature. The P.A.S. positive material which
accumulated in the mononuclear cells and in the giant cells was not removed by
the action of saliva, amylase, hyaluronidase, pepsin nor methanol/chloroform at
6n° for 24 hours. Acetylation inhibited the T.AS8. reaction and treatment with
potassium hydroxide reversed the effect of the acetylation. This substaunce ap-
pears to be a polysaccharide which has not as yet been identified by the investigator.

1 Past doctoral fellow, National Cancer Institute, United States Public Health Service.

28. The effect of denervation on the regeneration of the pectoral fins of fish.

Richard J. GOSS*, Department of Biology, Brown University. (Introduced
by J. W, Wilson)

The fins of fish regencrate readily upon amputation, exhibiting the first macro-
geopic indications of growth after about two weeks, and regenerating rather
rapidly thereafter. The nerves of the Lrachial plexus ean be exposed by cutting
awny 1 seetion of hone from the lateral portion of the pectoral girdle, immediately
behind the posterior margin of the opereulum. Denervation of the peetoral fin
ean then be accomplished without injuring the blood vessels supplying the fin.
The left pectoral fins of eatfish (Ameinrus) and goldfish (Carassius) wwere
denervated in this manner, and simultaneous amputations of the distal halves of
both fins were performed, the right fing serving as controls. Regeneration of the
denervated fins was completely inhibited, and histological studies revealed that
only wound healing had taken place and that blastema formation was not initiated.
Nao regression was abserved, us has been reported for denervated larval urodele
Taubs nud entfish taste barbels, Furthermore, regencration is arrested even when
denervation is delnyed up to 12 days after amputation. If denervation s not
repeited, the nerve fibers grow back into the fin and regenerative processes start

after 25 o 30 days. After #0 days the originally denervated fins regencrite
nearly one-half as much as the control fine,

i, Funclional vesponses of the nvary of the immature mowse 19 cquine pituitary
gonndotropfiin. James A, GREEN® :

: « Department of Anatomy, University of
North Curolina, .

(Introduced by Charles W. Tooker)

) The wunriee and uteri of Cl-day-old mice of the A strain were examined at
g ary D) ¥ - . )
f:".”"'h v 12 hours for 72 hours after the first of a series of subeufancous
e ting ¢ e . . . ) o ! -
f;f‘""‘,m'“ ol a petent follicle stimulating gonadotropbin from horse pituitaries
seommiections were given three times daily in indivi ‘ " 0.49
; dzily in individual
oy o s al amounts of 0.03, 0.42
-
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atd Btk anierovsepic ehange. Micles

At the intermedinte dose level the follicles
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showed progressive stimulation, and luteinization began 60 hours after the first
injeetion. At the highest dose level the follicles showed intense stimulation, and
luteinization began 48 hours after the first injection. The condition of the endo-
metrial stromal nueclei indicated the presence of progestin in all animals, with a
decline accompanying follicular growth and a more intense return after luteiniza-
tion. The weights of the uteri and the condition of the endometria suggested the
initial presence of low levels of estrogen, followed by a slight increase in the
animals given the lowest dose and by a eonspicuous increase in the other animals.
Upon luteinization, either no further increase in response to estrogen or a decline
in intensity of respomnse was indicated.

11. Electrical activily in hypothalamus and hippocampus of conscious rabbits.
John D. GREEN, Department of Anatomy, University of California at Los
Angeles and Veterans Administration Hospital, Long Beach.

Specially designed coaxial electrodes have been chronically implanted in the
hippocampus and hypothalamus of rabbits and the electrical activity of these
areas and of the cerebral eortex has been studied in unanesthetized animals, often
unrestrained, for periods of up to 9 months. The electrical activity of the com-
scious rabbit hypothalamus is similar to that of the curarized guinea pig and, in
the main, appears to be due to activity conducted to the hypothalamus from the
hippoeampus. Records have been obtained after coitus indicating possible changes
in the anterior hypothalamus and changes in hippocampal activity during love-play.
Castration appears to cause a moderate inerease in hippocampal and hypothalamic
activity, reversed after stilbestrol injections. The effects of change in body tem-
perature, adremalin and insulin injections have received preliminary attention
without conclusive results. The hypothalamus shows the same ‘‘arousal’’ pattern
reported previously in the hippoeampus.

152. Sympathetic components of the vagus cardiac nerves of the dog. Stephen
R. GREENBERG*,* Department of Anatomy, St. Louis University School of
Medicine. (Introduced by Dr. Albert Kuntz)

Dogs were subjected to bilateral operative procedures. The superior cervic?l
ganglia were removed in two animals, the intermediate or middle cervical ganglia
in two, the inferior cervical ganglia in two and both the intermediate and the
inferior cervical ganglia in two. Sufficient time was allowed following operatio‘n
for complete degeneration of the interrupted fibers. The animals were then saeri-
ficed, and the thoraces were removed in toto and fixed in 10% formalin. The cardiac
plexus and the contributing rami were exposed by dissection in each specimen.
Both the vagus cardiac and the cervical sympathetic cardiac nerves were removed
individually and divided in two parts. One part was stained with osmic acid and
subsequently sectioned. The other was scctioned and then stained by Holnes’
silver impregnation technique.

All the cardinc rami of the vagus nerves convey both myelinated and unmye:
linated fibers. The myelinated ones may be classified in three categories on the
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basis of size: large, medium-sized and small. The unmyelinated fibers are chiefly
sympathetic since they undergo degeneration following extirpation of th.e :i\ppro—
I;iﬂte sympathetic trunk ganglia. They oceur in circumseribed bundles within the
vagus cardiac nerves.

1 Life Insurance Medical Research Fund Fellow,

170. The structurc of intrasplenic ovaries in mice.* Mary J. GUTHRIE, Detroit
Institute of Cancer Research.

To determine the sequence of changes leading to the formation of intrasplenie
ovarian tumors in mice, ovaricctomy and implantation of one ovary into the spleen
were performed in day-old mice. Intrasplenic ovaries were recovered at weekly
intervals up to 14 weeks, later recoveries were fortnightly. Serial sections were
gtudied,

Ovaries which remain entirely within the spleen are surrounded by a fibrous
capsule nnd lose their germinal epithelium within a few weeks. Ovaries whieh slip
partiy or completely out of the spleen may retain part of their germinal epi-
thelinm as a single layer of euboidal or squamous cells; in older tramsplants, it
mny be multilaminar in some sectors. Ingrowths from the germinal epithelium
were not found.

The earliest observed differcnees between intrasplenic ovaries and those in situ
occur during the 4th week when many of the multilaminar secondary follicles
became Juteinized and some tfertiary ones became hemorrhagic. These changes
are concurrent with an incrense in number of interstitial cells which begin to be
huteinized. Some of the small secondary follicles are not surrounded by thecal
cells, and in regression their granulosa cells spread irregularly, forming cords
and tubes,

Other follicles eontinue to begin to grow, lacking theeal cells. During the 12th

week, pretumorous sites are established by unrestrained spreading of granulosa
eells from nests of such regressing follieles,

tAdded by Institutional Grant from American Cancer Society.

128, Effeets of acetyleholine and of cpinephrine on the embryonic rat heart* E,

K. ILALL, Department of Anatomy, University of Louisville School of Medi-
cine,

’_I‘lw oficets of acetylcholine (2.5 — 100 mg/kg — median: 20 mg/kg) and of
epinephrine (125 — 50 mg/kg — median: 5mg/kg) were tested on 148 embrv-
ome rat liants of the 10-14-day stages. The hearts were excised and control

comtruetion rates determined in Krebs-Ringer at body temperature; averages
.::m;zm from 140.4/minute (10-day hearts) te 2235 (14-day hearts). In Krebs
e e * 4t 3 A e 3 a1 : ' ) )
SMger cantmning aeetylebioline, 10-day hearts failed to arrest or to decelerate

Wi cqyerYan . oy 1 3
i ....‘.w.\z_« v 11-14-day henrts however were significantle (18-58¢%) decelerated
T of the tests deceleration was preceded by i rtos)
¢ ¢ as rded by a perios i
¢ ernplete npppes, : period (up to two minutes)
Esqnephrine effee

! , te were denumetrated by experimenting with the kearts in
Paites aust alter acetvlelml RYSTRN J 3 o
cToaceivlehdine exporimentation, One heurt wae transferred to

nug In 48T
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epinephrine-containing Ringer, the other (control) to Ringer. Significant (10-
28%) acceleration was observed in some categories; the accelerated rates did not
greatly exceed the control rates established before the acetyleholine experimenta-
tion. Evidently acetylcholine acts direetly upon the myocardium of (pre-innervated)
11-13-day hearts and upon (innervated) 14-day hearts, but not upon 10-day
hearts. The ‘epinephrine effects, though variable, demonstrate the possibility of
responses at stages before innervation.

1 Supported by Grants-in-Aid from the American Cancer Society (Commit_teq on Growth,
National Research Council). the Kentucky State Medical Research Commission, and the
National Heart Institute (Public Health Service).

102. Analysis of the action of propylthiouracil on the pituitary-thyroid awis.!
N. S. HALMI, Department of Anatomy, State University of Iowa.

Thyroid-serum iodide concentration (T/S) ratios and thyroid cell heights
were measured in groups of Purina-fed hypophysectomized rats injected with
thyrotrophin (TSH, .05-2.0 USP units daily for 5 days), propylthiouracil (PTU,
10 mg daily in suspension form for 10 days), or both substances (for 5 days).

The following results were obtained: (a) PTU caused a significant rise of the
T/S ratio in the absence of TSH; (b) the action of TSH, as determined by
thyroid cell height increments, was potentiated by simultaneous PTU administra-
tion; (¢) TSH (1 USP unit dailv) - PTU elevated the T/S ratio to 400 (mean
cell height: 8.8 ), whereas TSH alone (2 USP units daily) only raised the
gradient to 140 (mean cell height: 9.0 x). In uninjected controls the T/S ratio
was 4.5 and the mean cell height 3.7 .

The finding under (c¢) canmot be attributed solely to potentiation of TSH by
PTU. Rather, (a) and (c) together lend support to the thesis that, in addition
to TSH, there exists a mechanism regulating thyroidal iodide uptake which is
activated when the thyroid is depleted of iodine.

1 Aided by grant A-423, USPHS.

136. Extracardiac anastomoses of the coronary arteries in the human newborn.?
Myron H, HALPERN#, Division of Anatomy, Halnemann Medical College.
(Introduced by A. W, Angulo)

The coronary arteries of the human newhorn anastomose with vessels supplying
large non-cardiac areas. Extracoronary structures may be vascularized by way
of the terminal atrial branches of the coronary arteries.

Some of the distal atrinl branches of the right coronary artery continue onto
the ascending aorta, the right pulmonary vessels, and the superior vena cava as
vasa vasorum. Branches of some of the atrial vessels from the left coronary
artery provide vasa vasorum to the left pulmonary vessels. In addition, terminal
branches of many of the atrial vessels of both coronary arteries supply an exten-
sive retroperieardial area. In this location, they freely anastomose with each
other and with the bronchial and mediastinal arteries of aortie origin. Bequc
becoming the vasa vasorum of the great vessels of the heart, some atrial arteries
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send twigs to the perieardial sac. Anastomoses oceur between these fwigs and
the pericardial branches of the pericardiacophrenic arteries. ‘

Beeause of the practieal significance of the collateral coronary circulation in
man, further studies are in progress. The extent of the extracardiac coronary
cirewlation in the humun adult and common laboratory animals will be presented
at a later date,

1 Supported by grant 1-1575 from U. S. Public Health Service.

22, Preliminary observations of the positions of the phagocytic von Kupffer cells
in the living transilluminated livers of frogs and mammalst Fann HARD-
ING*, Department of Anatomy, The Medical College of South Carolina.
(Introduced by Melvin I Knisely)

Are the hepatic phagoeytes a part of the sinusoid linings or are they “stern-
zollen’’ anchored across the sinusoids somewhat like spiders in tubes, partly
obstrueting Hlood flow?

The livers of Wealthy frogs, rats, mice, hamsters, and cats have been observed.
Other species will be studied. A Dbloodless, sludgeless laparotomy exposes the
liver which is trausilluminated by quartz rod technique. In mammals, the lungs
are continuocuslty insufffated with oxygen by the Irwin and Maedonald (1953)
technigue which eliminates respiratory movements and permits detailed obser-
vations at from 50 to 660 diameters.

Observations: Blond flowed through the sinusoids unimpeded by any obstacles
within the sinusoid huminu, The sinusoids are approximately eylinders. No
stationary cefls or any objects were scen suspended in or aeross the lumina of
sinusoids,

To identify the position of the phagoeyte, injections of black, colloidal mercuric
sulfide were given, Black meveurie sulfide was seen within the material of the
linings of sinusoids. No phagoeyte was seen suspended in the lumina of any
sinusoid, )

In the transilluminated living livers of healthy, anesthetized animals where
noarinal conditions of life are :ls.cl(')scly preserved as possible, no “‘sternzellen??
ittt 1he soenied st smapendod sensn ety s

£0-0: E 2 suspended across the sinusoid vepresent

conditions imposed by death, such us collapse of sinusoids with subsequent fixation
and staining,

R s i e« -

P8upportad Ly n ogranmt from ﬂu; (;W)’l“ ;)f :;x: 1 Reeen R 11 5
the Naswy 10 the Medieal Colloge of .\‘nulhtl‘nrn‘linu?‘ Researelt (NR 114-063), Depastment of

-0,

An f.vprr;‘mru(n( anatonical analysis of the topography and polarity of the
sivddte-neacortor intervelationship in the primaie, Pinckney J. HAR\[A\'I
Malevsn TANKARD®, Christinn HOVDE® and Fred A .\II'J:I‘TLER D.e ’l;t-’
n::mt of Anntomy, New York University College of Medicine, and D : t ‘

e Anmemy and Neurology, Columbin University, ' cpariments
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We have studied the head of the caudate nueleus in cell and fiber preparations
of 5 catarrhine monkeys sacrificed 3 months after unilateral decortication of
(1) hemisphere (2) frontal lobe (3) lateral premotor surface (4) dorsolateral
premotor surface (5) orbital surface. Data consist of planimetric measurements
of cross-sectional areas and cell counts, from which are caleculated volumes and
cell numbers (corrected for atrophy).

Orbital removals result in fairly large reductions of rostral eaudate volume
with a de facto cell loss, moderate reduction of eaudal caudate with no cell loss;
ventrolateral is associated with moderate reduection and cell loss throughout;
dorsolateral with moderate reduction and cell loss of caudal caudate only. Thus,
ventral to dorsal in neocortex is represented as rostral to caundal in eaudate.
Atrophy of the Gudden type among the cells of the caudate supports the
existence of a well defined pathway originating within the caudate nuecleus and
terminating in the neocortex.

16. Studies on the neural action of protoveratrine. Frank HARRISON and An-
dres GOTH¥, Departments of Anatomy, Pharmacology and Pathology, South-
western Medieal School of The University of Texas.

Experiments with protoveratrine (4 microgm/kg) have been performed on
cats and dogs under chloralose-urethane anesthesia in order to study the mechanism
of the resulting hypotension. Bilateral section mnear the jugular foramen of the
ninth and tenth nerves following protoveratrine injection permits the blood pres-
sure, as recorded from the femoral artery, to return toward the control level.
Insofar as these experiments have paralleled those recently reported by Moe and
his co-authors, the latter work has been confirmed. In the few experiments so far
completed on the effect of protoveratrine on the bloed pressure rise to hypo-
thalamice stimulation in the cat, there seems to be no marked change; and this
in spite of the fact that protoveratrine potentiates the pressor effect of epinephrine.
Since protoveratrine produces some additional fall in blood pressure when given
after autonomic blockade (Etamon; or atropine and Regitine) it may have 2
direct peripheral action in addition to its apparent pressoreceptor sensitization.
The possible mechanisms of this action are being investigated further. Proto-
veratrine does mnot alter to any marked degree the skin resistance decrease to
hypothalamie stimulation in the eat.

86. Studies on the respiratory pattern of exudate leukocytes.* John D. HART-
MAN, Department of Anatomy, Temple University.

This work has attempted to define the in vitro respiratory pattern of exudate }
leukocytes and to begin a study of the factors responsible for this pattern.

Guinea pig exudate leukocytes were suspended in a balanced salt solution.
Oxygen uptake was measured by standard manometric methods, and respiration
rates were expressed as mm30./million cells/hour. Cell counts tere done 0T
aliquots at half, one, and two hours. The respiratory pattern was demonstrated
by plotting the changes in respiration rate with time. )

If the respiration rate is measured at 30 minute intervals, there are mo Si5
nificant changes with time. If the respiration rate is measured at 10 minute
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intervals, the respiratory pattern is quite variable for any one- experiment. How(i
ever, if the changes in respiration rate for sevelzal expen.ments are ’treate
statistically, a characteristic curve is obtained. This curve is characterized by
a rapid decrease in the respiration rate over the first .20 minutes z-\nd a grad}lal
inerease over the next 80 minutes. Serial cell counts indicate a definite destructlo.n
of the eells from shaking. Quantitatively the initial drop in respiration rate is
not correlated with the deerease in number of cells. The period of maximum cell
destruction corresponds to that phase of the respiratory pattern characterized
by a slow increase in the respiration rate.

1 Supported by U. S. Public Health Service grant E-525,

24. Dircel wvisualization of mammalian glomeruli, Mary Ellen HARTMANY,

Department of Anatomy, Temple University. (Introduced by John Franklin
Iuber)

Using the quartz rod technique and a combination of oblique and transillu-
mination it is possible to visualize active glomeruli in the kidney of the 4 to 5 gm
mouse. At this age tlhe primitive zone of cortical material lying immediately
under the capsule has almost completely disappeared; and, since the overgrowth
of tubules has not yet begun, many glomeruli lie at or near the surface of the
kidney. The glomeruli were obgerved in approximately 50% of the animale
attempted. The failures are attributable to the hazards of anesthesia in this
gize animal, and to operative trauma. The glomeruli range in size from 29 to
5%, and an individual glomerulus has been observed for as long as one and
a half hours,

Prior to the onset of intravascular agglutination eapillary intermittence oceurs
hut glomerular intermitience usually does not. Only rarely has glomerunlar inter-
mittenee preceded the onset of intravascular agglutination. Following the ap-
pearance of intravascular agglutination total glomerular intermittence may occur.

. Segmental anatomy of the liver with special reference to partial hepateetomy.
Jolm E. HEALEY, Jr., Jefferson Medical College.

Although radieal operations upon the Jiver have been performed from as early
A< 1886, the surgien) techuic of sueh resections has changed very little. This hz;s
been mainly due te the fact that surgeons have been unaware of the intrahepatie
course nnd distribution of the larger vascular and biliary channels and that,

therefore, incistons through the hepatic parenchyme have been rather blind and
crude in perfonmance,

Frem an examination of the liver easts in which the bile ducts, hepatie artery
and yert re

al vein were injected with a vinyl acetate solution certain fissures were
olveryed which divided the liver into its lobes and segments. These three svstems
vote sepmentally arrunged and elosely followed one another in their intrahepatic
CHidse,

i

T ETINT T Vreitin

Fhe Yepatie veins were net segmentally arranged, however;
[3 PYE v . A H 3

U ke aeing were found in the mtersegrmental planes and

oot The aforementiong
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the main trunks

drained adjacent

: ‘ 4 fissures conld not Lie seen in easts in which the
e tins were injeeted
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With the establishment of a prevailing pattern of intrahepatic gross anatomy,
radical liver surgery may be performed on a more sound surgical-anatomical
basis; i.e.,, by means of the individual ligation technic, and thereby increase the
operability and lower the mortality of such procedures.

107. The ground substance of the developing ceniral nervous system' Arthur
HESS, Department of Anatomy, Washington University School of Medicine.

In the gray matter of the central nervous system, a homogeneous substance
occupies the spaces between cells, dendrites, axon terminations and neuroglia .
fibrils. On the basis of histochemical reactions, this substance has been classed
tentatively as a neutral mucopolysaecharide and has been regarded as an inter-
cellular ground substance of adult central nervous system (Hess, ’53). Brains
of 32 guinea pig fetuses, varying in gestation age from 39 to 60 days, were
subjected to the periodic acid-Schiff (PAS) procedure. Occurrence of the PAS-
positive ground substance in the cerebral cortex was noted and a rating assigned
to the amount and intensity of staining of this substance. The ground substance
makes its appearance at 45 days in fetal guinea pigs. It thereafter inereases in
amount and in intensity of staining until by 50 days fetal age, it is similar to
that of the adult. The source of this ground substance is discussed. Neurons and
vascular feet of astrocytes are suggested as elements responsible for elaboration
of this substance. A pathological role for the ground substance in cerebral edema
and swelling is suggested. It is also suggested that the ground substance provides
the colloidal substrate and is the material responsible for orientation of developing
fibers of the central nervous system to their destination or synapse.

1 Supported by a grant from the Public Health Service (B-341),

1. Monozygotic twin haman embryos with an estimated ovulation age of 17 days.
Chester H. HEUSER, Department of Mieroscopic Anatomy, Medical College
of Georgia.

This specimen was obtained from Dr. Edgar R. Pund, Professor of Pathology,
Medical College of Georgia, who discovered the implanted ovum in a uterus removed
surgically because of cervieal disease. The external measurements of the chorion
were approximately 6 X 10 X 14 mm. By dissection of the chorion it was found
to contain presomite twin embryos which appeared normal in form each with its
own amnion and spherical yolk sac—and attached about 4.4mm. apart. The
sagittal sections of the embryos and plastic sheet reconstructions permit ready
comparison. The lengths of the germ disks, measured with a flexible scale, are
approximately 0.9 and 0.66 mm. The structural details are similar in the two
embryos. In each the primitive node, situated in the center of the disk, the noto-
chordal process which reveals the first evidence of canal formation, primitive streﬂ'k
and allantoic duct are vwell established. Angioblastic tissue is normal for this
stage of development (Horizon VIII). The specimen is believed to be the
carliest known example of twin formation in man and it presumably emerged
from a morula in which two groups of formative cells were demarcated gimulfane-
ously quite apart from each other.
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23, Development of cardiac myofibrils as seen with the electron microscope.
Richard G. HIBBS?*, Department of Anatomy, University of Minnesota.
(Introduced by J. Francis Hartmann)

Development of cardine muscle in the chick embryo rwas followed from the
ond day of incubation, when no indication of myofibrils was seen, through the 6th
day, at which time many myofibrils of adult type were present.

Qections of ventricular tissue, fixed in buffered OsO,, were studied with the
clectron microscope. In early stages, the muscle fibers are spindle-shaped, and
resemble smooth musele cells, The cytoplasm is homogencous in appearance, and
contains many longitudinally arranged submicroscopic filaments. Numerous mito-
chondria are present near the nuclei. The first appearance of myofibrils oceurs
during the 3rd day, when they first appear as parallel groupings of the iso-
diametric longitudinal filaments. Some of these groups exhibit dark bands that
correspond to the Z bands of later stages. By the 4th day, well-formed myofibrils
with complete banding were seen in the cytoplasm., The A bands show great

variation in appearance from one myofibril to another, some being very dense,
others very light, indieating that the accumulation of ‘“A substance’’ is gradual.
The widest range of developmental stages among individual myofibrils was found
between the 4th and 6th days of incubation, In areas containing differentiating
myofibrils, numerous mitochondria (identifiable by the mitochondrial crests) were
observed, many of them being arranged along the edges of the myofibrils.

195, Temperature regulation in the opossum. A. C. HIGGINBOTHAM?*, Depart-
ment of Physiology, Florida State University. (Introduced by Elsie Taber)

Most of the studies on temperature regulation have heen on mammals high in
the evolutionary seale. Little has been done on primitive forms.

When ambient air temperature was inereased about 1° every fifteen minufes
over a range of 30°—40°C., the rectal temperature of young opossums gradually
rose from about 34° to about 39.5°C. That of mature animals increased at about
the same rate but rose only to about 38.5°, indicating a more effective macha-
nismin the adults, As their rectal temperatures approached 38°, both young and
:*.'dul.{ animals became restless and spread saliva over their legs and tail “b
licking themselves. Panting started at about the same time. Sweating con‘l; );
b:' d(:h-(‘tt‘d on any part of the hody. Regional surface temperatures gave n Ifo
dieation of a diffcrential increase in periphieral eireunlation. gire mo

Anesthetis s simi i

Q nesthietized adults similarly heated began panting rather suddenly at a rectal
vinperatyr ®. No licki ! ,
; nee 1:\ of 38°. No licking oceurred. Reetnl temperature reached n hipl
ovel than in eonseious animale. ‘ i

.
Thexo o i 3 3 1
) T erpeniments indicate that the adult conscious animals use the evaporati
#5 vsbna cpread upon their fur Hoir hent

. and tails as an indispens i
disvdpating weehanisms, pevsatle part of their heat
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78. Some histochemical studies of epiphyseal cartilage of rachitic rats, with re-
lation to calcification in vitro. Albert HIRSCHMAN*, Department of Anat-
omy, State University of New York, College of Medicine at New York City.
(Introduced by Jack Gross)

White rats were maintained on Rachitogenic Diet no. 2, U.S.P. (enriched with
2% brewers yeast) for three weeks after weaning. Longitudinal sections of
tibia were cut (0.2-0.4 mm. thick) and incubated in a basal salt solution or a
caleifying solution for 5-6 hours. The sections were fixed in 4% basic lead ace-
tate in 10% formalin, Rossman’s fixative, and 10% formalin, and sectioned at
10 miecra.

The Von Kossa stain showed a blackening of the matrix in the region of the
most recently hypertrophied chondrocytes, in only those sections incubated in the
caleifying solution.

The PAS reaction was strong in the matrix and weak in the chondrocytes. In
the matrix, the reaction localized mostly on the fibrils and on the capsules of
the chondrocytes. It appeared to be more intense in the region of in witro cal-
cification. The control sections showed a very weak staining of cells and matrix.

Metachromasia was strongest in the region of proliferating cartilage, being
mostly localized in the capsule. It did mot appear to have any definite relation-
ship to in vitro calcifieation.

Sudan black B stained deeply in the chondrocytes, but was absent in the ma-
trix. Oil red O and Sudan IV showed a similar localization to Sudan black, but
the staining was much weaker. Lipid distribution did mnot change during in ¢itro
calcification.

78. Influence of dietary liver upon initiation of spermatogenesis in tmmature
rats! Eugene H. HORN*, Bureau of Biological Research, Rutgers Univer-
sity; Department of Anatomy, Albany Medical College. (Introduced by
Richard A. Miller)

A synthetic protein-free diet containing 5% dessicated liver powder was fed
to immature male rats for 30 days during which time maturation of the repro-
ductive system was thereby prevented. Transfer of these animals to an 18%
casein diet for 20 days resulted in a marked, although incomplete, testis weight
recovery which was slightly greater than that found in controls on an 18%
casein diet, initially fed a diet free of both protein and liver. Howerver, mature
spermatozoa oceurred in 75% of liver-fed animals as opposed to only 12% in
the controls. Additions of 0.2¢% thyroid to the protein-free diet in the presence
of liver permitted the appearance of mature spermatozoa in 25% of the
animals after refeeding 20 days on an adequate diet. Previous investigation
(Howell; Leathem, 1953) revealed a 779% mortality in immature rats fed a
protein-free diet with 0.29% thyroid, but without liver supplements. Acecessory
organs failed to recover in all instances. Although testis weight recovery Wwis
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only slightly influenced by the liver powder, the maturation of spermatozoa was
i . en 3 : ;@ animals.
decidedly augmented, even In the hyperthyrol - .
The increased test’iculnr lipid and decreased RNA and DNA, histochemically
determined, in all experimental groups was little affected by liver supplements.

- ‘Fl}{mnrtod by the Protein Metabolism Fund, Rutgers University.

28. Studics on the nature of the boundaries between broncho-pulmonary segments.
John Franklin HUBER, Department of Anatomy, Temple University School
of Medicine.

At the boundary between adjacent segments the alveoli of one segment are
separated from the alveoli of the other segment by a small amount of fibroelastic
conneetive tiesue. The tributaries of the pulmonary veins which drain blood from
the segments are in this connective tissue, the corresponding arteries being cen-
trally pluced in the segments in relation with the bronehi. Studies designed for
the purpese of learning more about the possibilities of passage between segments
were earried out as follows: A waler suspension of pigment particles 3-5p in
dinmeter was allowed to run slowly through a eanula tied into a segmental bron-
chus from a reservoir about 15 inches above the specimen. About 4000 cc of
the suspension ran in during 1% to 2 hours. The segment into which the canula
wiig tied beeame distended and deeply colored. In a signifieant number of in-
stanees the adjacent segments received no apparent pigment granules although
these segments heeame distended with water. All of the water except that filling
the lobe of the Jung in which the colored segment was located, leaked out through
the pulmonary arteries and veins and the bronehi of the adjacent scgments, A

greater pereentage of the water eame out through the arteries and veins than
through the bronehi.

125, Non-specific esterase in the embryonic development of the frog, Rana pi-

pirnst Robert L. HUNTER®, Department of Anatomy, University of Michi-
ran.  (Introduced by Bradley M. Patten)

. A mudifieation of the method of Hugpins and Lapides (1947 for the quantita-
the estimation of esternses was used to investigate the amount of non-specifie
vsterase in the g, embryo and young larva of the frog, Rana pipiens. The
substrate used was penitrephenol propionate. The total amount of non-specific
u‘:w:m\ per embryo was found to decrease from the time of fertilization to the
taillnd #tage, Transverse segments of the tailbud stage were found to contain
tenspreific (sterace approximately in proportion to their size whereas a x;w-

disn fromtal ecetion divided the embryo into a dorsal part containing 206% of the
trrvme nnd the ventral part containing 71¢

«f rrvme in ‘ cc of the enzyme. This concentration
= vhIyme an the ventral moeicty was show , . 3

bt et ! 3 shown to be due to enzyme in the yolk-
Larine of &y

mmway stape 16 and olde : . e . ey -
This capmeit ) Fe 16 and older hydrolyzed the substrate while still in-

'Y was< reduced one third following

favy,

cardicctomy although the
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amount of enzyme in the larva was not substantially reduced. Removal of the
larva from the medium stopped the substrate hydrolysis. This suggests that the
hydrolysis of the substrate by the intact larva was not due to the secretion of
enzyme into the medium.

! Supported in part by a Predoctoral Research Fellowship from the Atomic Energy Com-
mission.

131. Skin transplantation in the rat. Myron S. JACOBS¥*, Graduate School of
Arts and Science, New York University. (Introduced by Earl O. Butcher)

Skin from offspring of predominantly black hooded rats was used as donor tis-
sue. The donors ranged in age from 12 day fetuses to 21-day-old postpartal rats.
Litters of albino rats ranging from 17 to 48 days in age were employed as hosts.
Subcutaneous implantation of donor skin resulted in the formation of palpable
cysts within a week. Cysts of fetal origin remained large and movable for many
months, while those postpartal in nature appeared to attain maximum size within
2 weeks and then they gradually decreased.

Following a 2 to 4 week implantation period, the majority of eysts were ex-
teriorized. Exteriorization consisted of removing a small piece of overlying host
skin, incising and flapping open the cyst, and suturing the peripheral border of
the opened cyst wall to the cut host skin edge. Many cysts contained black hair as
well as fluid and sebum.

To prevent infection and mechanical destruction of the grafts, terramyein oint-
ment was applied topically and each animal was placed in a restraining bandage.
Periodie examination revealed that most of the postpartal grafts dried up and
sloughed. In several fetal grafts apparent permanent attachment was effected.
Pigmented hair continued to grow from the graft and appeared to parallel the
alternating stages of the host hair eycle. At present these successful homografts
have been followed up to 6 months.

127. A histochemical study of the glycogen in the nervous system of the develop-
ing salamander, Amblystoma maculatum? Ivan D. JANOSKY¥*, Department
of Anatomy, University of Kansas. (Introduced by Paul G. Roofe)

A histochemical study of glycogen in the nervous system of 4mblystoma maci-
latum has been made. This study was concerned with the embryonic stages of
development described by Coghill. A total of 126 animals was prepared and stud-
ied using the periodic acid-Schiff method.

Glycogen was found in varying degrees in all parts of the nervous system excfzpt
in the cell nuclei which appear to be completely negative. The axons connectl_ﬂg
ganglia to the brain are, in most cases, more glycogen positive outside than inside
the meninges, the line of demareation being sharp.

In general, there is an overall increase in glycogen activity from the non
stage to the early flexure stage followed by a decrease from then until the early
swimming stage. The notable exceptions to this are the retina (rods and cones),

-motile
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the choroid plexus, the epiphysis and Mautlmer’s neuron. In these areas, glycogen
activity is higher in iater stages than in the earlier ones. o .
The production and use of glvcogen is one of the characteristies of nervous ?xs-
sue. Tt is synthesized and stored in the cells of the central nervous system during
prolifcmtic;n and is rapidly metabolized in the active process of differentiation.

1 Supported by a grant from the National Institutes of Health, U. S. Public Health Service,
B 113 (C2).

72, Palc of individval Haversian system formation? Webster S. S. JEE* and
James 8. ARNOLD?*, Radiobiology Laboratory and Department of Anatomy,
University of Utah, College of Medicine. (Introduced by Edward X. Hashi-
moto)

As a part of a scrics of experiments on bone growth and ealeium metabolism,
the rate of formation of individual sccondary Haversian systems was investigated
radioautographically using Ca® in the tibine of growing rabbits. Studies were
made on animals saerificed at 31, 7 and 21 days following Ca® administration
(Aruold and Jee, '53). Done whieh was actively depositing at the time of Ca® ad-
ministration was deteeted by its ability to concentrate Ca®. All secondary Haver-
sian systems which concentrated Ca* were classified as to the stage of formation
at both time of injection aud time of sacrifice. The data indicates that the rate
of bone apposition js greatest during the first half of the process of Haversian
svstem formation (filling of a resorption cavity). This is demonstrated by two
types of datn: (1) the frequeney distribution of various stages of formation and
(2) direet measurement of hone deposition in individual aversian systems aftfer
7 and 21 days. At the time of Ca® administration 60-709; of forming Haversian
svstems of all animals were more than half completed. Growth arrest was fre-
quently observed in all stages of formation. Of the Haversian systems which were

Just beginning formation at the time of Ca® administration, 20-309, were com-
pleted nfter 21 days.

P Sapperted by AEC Contract AT(11-1)~119 and the U, S, Public Health Service,

[

-
~e

Jnatomical distribution of strychnine parorysms in the brain stem. Beau-
mont JOHNSON®, Department of Anatomy, Northwestern TUniversity Medi-
cal School  (Intreduced by Ray S. Srider) '
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lar peduncle. The ventralis lateralis, a known thalamic termination of the su-
perior cerebellar peduncle, was excluded from the paroxysm as was the central
thalamic nuclear group. Certain systems did not actively particpiate as a whole,
namely, pontine, vestibular and pyramidal.

The physiological aspects of this phenomenon are being studied.

1 Aided by contract with the Office of Naval Research.

57. Experimental study of spino-reticular connections in the cat. Fred H.
JOHNSON*, Division of Anatomy, Hahnemann Medical College. (Intro-
duced by R. C. Truex)

Cajal described a system of collaterals from the spino-thalamic and ventral
spino-cerebellar tracts which terminated in the reticular formation. This and
other collateral systems of ascending tracts were studied by placing lesions in
the spinal cord. Cats were killed on post-operative days, 3, 4 and 7. The brain
stems were prepared by Nauta’s method.

Spino-reticular connections to lateral reticular nucleus described by Brodal,
and spino-olivary connections (Brodal, Walberg, and Blackstad) using Glee’s
method are confirmed. The observations based on Marchi preparations showing
that the spino-reticular system is extensive and extends medially (Morin, Schwartz,
and O’Leary) are corroborated.

Distribution of degenerated axons in the nueclei of the reticular formation were
as follows (Olszewski’s terminology) : subnucleus reticularis dorsalis and ventralis
medullae oblongatae, reticularis gigantocellularis and its pars alpha, lateralis
oralis medullae oblongatae and subnucleus tractus spinalis trigemini oralis, reticu-
laris pontis caudalis and its pars alpha, reticularis pontis oralis. Nucleus reticu-
laris parvocellularis is almost devoid of degenerating axons, as is the nucleus
reticularis superioris pars lateralis of von Bechterew.

Other systems that degenerated were: spino-vestibular tract of Collier and
Buzzard terminating in Deiter’s nueleus; spino-aqueductal of Le Gros Clark ter-
minating in aqueductal gray at rostral level of inferior colliculus; axons ter-
minating in VII nucleus; spino-pontine system terminating in lateral dorsal
nucleus. No degenerating fibers issue from cortico-spinal tract. A1l the above
collateral systems are principally homolateral.

26. Results of Lidney tissue auto- and homo-transplanis in single and parabiotic
albino rats. Benjamin B. KAMRIN*, Department of Anatomy, State Uni-
versity of New York, College of Medicine at New York City, and Robert
P. KAMRIN#*, Department of Zoology, Cornell University. (Introduced by
J. P. Parnell)

Autogenous transplantation of slices of kidney tissues has been reported in
the literature as being wholly unsuccessful. Schnapauff (Beitr. z. Path. Anat,,
1928) concludes that such transplants to the kidney or eclsewhere become areas
of infarction and connective tissue replacement within a period of three weeks.
Homo-transplantation of slices of kidney tissue results in even earlier destrues
tion of the transplant.
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In the present investigation, the fate of glices of kidney tissues, sever(?c'l ang
reimplanted on the same Xidney in 20 albino rats, z}ml the transplantation _0
homogenous slices of kidney tissue hetween both parflblonts of 12 su.ec:fzssful pam:
biotic pairs, was explored. In all the operated animals, the.remammg healthy
Yidnevs were removed within one month, The animals were sacrificed 6 to 12 weeks
nftor’the initial implantation or transplantation. . .

Results of these procedures demonstrate that in 50 per cent of the single ani-
mals, such auto-transplants remain histologieally viable at the end of the ex-
periment. The homo-transplants were viable in more than 50 per cen‘t of the
animals in successful parabiosis and presented the same histological picture as
the auto-transplants. Injection of thorotrast into the remal artery and ureter
demonstrated union of the transplant with the original kidney.

125, Incorporation of radioactive glycine inlo proleins of developing oocytes of

Tana pipiens! Norman B. KEMP, Department of Zoology, University of
Michigan,

Adult female frogs were injected with solutions containing 10 or 20 micro-
enries of glyeine-2-C-14. Animals were sacrificed at various intervals up to 5
days after injection. Samples of seclecfed organs (heart, lung, liver, stomach,
intestine, ovary, kidoey, spleen and brain) were fixed for sectioning. Other
amples of the same organs (brain omitted) and of blood were homegenized in
109 trichloracetic ncid to precipifate proteins. Geiger counts of sections revealed
the greatest radioactivity in liver, stomach and ovary of most specimens, Intes-
tine, kidney and spicen usually had intermediate activity; heart, Jung and brain,
the lowest activity, Autoradiograms confirmed these findings and revealed loealiza-
tion of active protein synthesis. In the ovary uptake of radioactive glyeine was
demonstrable chiefly in the outer cytoplasm where volk was being deposited.
Furthor evidenee that uptake of glyeine was eorrelated with synthesis of yolk
came from Geiger counts of isolnfed proteins. Samples of protein from ov:;ries
containing eocytes in stages after the initiation of yolk deposition had higher
specifie activities than samples from ovaries in pre-yoik stages. .

Memorinal-Phoenix Project.

PAfded 1y a geant (rom the Michizan
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The direet branches to the posterior rectal wall arise as 6-8 independent
branches from the third and fourth sacral nerves. They course medially to join
the nerve plexus on the posterior wall of the rectum. The upper branches of
this group join the plexus surrounding the superior hemorrhoidal artery and fol-
low its anastomotic branches to the sigmoid colon.

The indirect branches via the pelvic plexus arise from the second, third and
fourth sacral nerves. Within the pelvie plexus nerve fibers of sacral origin
can be followed dorsally to enter the rectal wall. Of the others, many turn cau-
dad within or lateral to the pelvic plexus to supply the anterior pelvie viscera.
Several other bundles turn rostrad to supply the descending and sigmoid colon.
These can be followed only a short distance before they are lost in the superior
hemorrhoidal or the hypogastric plexuses.

L Aided by a grant from Hoffman LaRoche, Inc.

91. Heteroplastic mitosis in leukoblastic cells responsible for the formation of
ring nuclei. Riojun KINOSITA*, Susumu OHNO* and Jeremy P. WARD,
Departments of Infectious Diseases and Pathology, School of Medicine, Uni-
versity of California at Los Angeles and Medical Research Institute, City of
Hope Medical Center. (Introduced by Horace W, Magoun)

A high percentage of atypical mitotic figures, unlike those of typieal homo-
plastic division, were observed in cells of normal rat bone marrow. One type of
atypieal figure was a ring form. Ring anaphase figures were frequently ob-
served. The ring form remained through telophase and eventually showed com-
mencement of nuclear reconstruction. The daughter cells at the final stage of
division presented the appearance of ring myelocytes or when accompanied by
cytoplasmic maturation, the appearance of ring leukocytes. Ring and segmented
ring metaphase figures were occasionally observed. Some of these figures showed
chromosomal resolution and even nucleolar formation, indicating reversion of mi-
tosis directly to the resting nuclei of the corresponding forms. The reversion from
metaphase being accompanied by cytoplasmic maturation, resulted in eells show-
ing an appearance transitional to ring and segmented ring leukocytes. As a T¢
sult of this study it is believed that ring and segmented ring nueclei of myelo-
cytes and leukocytes, which are difficult to interpret in terms of the prevailing
concepts of serial maturation, are actually the result of heteroplastic mitosis of
the myelocytes.

158. Regenerative ability of the preganglionic fibers of the cervical sympathetic
trunk of the cat Homer D. KIRGIS, Departments of Anatomy and Sur-
gery, School of Medicine, Tulane University and Section on Neurosurgery,
Ochsner Clinie.

The ability of the preganglionie fibers of the cervieal sympathetic trunk of th'e
cat to regenerate long distances and through tissue barriers has been investi-
gated. The extensive recovery of function of sympathectomized smooth muscle
of the cephalic region of the cat following excision of the cervicothoracic gam
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glion has Dbeen reported. That such recovery of funetion might be. due‘ to the
re-establishment of sympathetic connections in the ganglia of the inferior por-
tion of the cervieal sympathetie trunk instead of by regeneration of the pre-
ganglionic fibers throughout the length of the cervical s?mpathetic trunk fo}-
lowing cervicothoracic ganglioneetomy has been excluded in the present experl-
ment by removal of the middle cervieal sympathetic ganglion. The sympathecto-
mized museles demonstrated recovery of approsimately normal function in the
six experimental animals used. The ability of the preganglionic fibers to regen-
erate through or about tissue barriers was investigated in three cats by removing
a segment of the sympathetic trunk lem in length immediately inferior to the
superior cervical ganglion. A ligature was placed tightly about the lower pole
of the panglion and the latter turmed and firmly anchored with its longitudi-
nal axis at a right angle to its normal position. The carotid sheath and its
contents were fixed by sutures between the upper end of the severed trunk and

the ganglion. Recovery of function of the sympathectomized muscles oeeurred
in each animal.

! This investigation was supported by n research grant [PHS B-496 (C5)] from the Na-

tional Institute of Neurological Diseases and Blindness, of the National Institutes of Health,
Public Health Service,

. Specifically localized, fibroma-like tumors induced in Syrian hamsters by
trcatment with androgen and cstrogen administered simullaneously? Had-
ley KIRKMAN, Lynn ROBBINS* and Masako A. BABA®, Department of
Anatorny, Stanford University Scheol of Medicine.

Benign tumors develop in the tela subeutanea under the pigmented costo-
vertebral spots of Syrian hamsters implanted subcutaneously with pellets of
dicthylstilbestrol and testosterone propionate. When the spots are excised prior
1o treatment the tumors fail to develop. When the spots are transplanted to the
ablomen the tumors develop under them there, but not at the original site. The
tumors may be indueed equally well in ecither sex, intact or gonadectomized. Fol-
lowing removal of the pellets the tumors stop growing, but show no regression.
The shortest period of treatment followed by grossly visible tumors is 59 davs:
ordinarily tumors are not expected within less than 150 or 200 days of tre.at’—
ment. Progesterone does ot prevent tumor induction. After the tumor has
“}‘I‘«~nrc~d the spot may be removed withont interfering with tumor growth, or a
fm:-' fragment may be transplanted subeutanecously, or to the cheek pouch ,where
it praws quite independently of pigment, but only in the presence of e’strogen
nnd nndropen., Hxpophyseetomy does not stop growth of the tumor or interfere

With . .

::.h e suceessful transplantation. Subeutancous transplants metastasize regu
1- to the - im i . .
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20. Preliminary observations of the catch-trap architecture of pulmonary artery
tips in health and their responses following distant somatic burns® William
H. KNISELY* and Melvin H. KNISELY, Department of Anatomy, The
Medical College of South Carolina.

Living transilluminated lungs of anesthetized young and old cats and dogs,
and of mature rabbits have been observed. The lungs were supplied with oxygen
by the Irwin and Macdonald (1953) technique, which eliminated respiratory
movements and permitted detailed observations at from 50 to 950 diameters.
A Dloodless, sludgeless thoracotomy exposed the edges of lung lobes.

Living pulmonary artery tips have a special architecture. They are wide and
have rounded, blunt tips. For long distances the walls of the sides and ends of
the blunt tips consist largely of the rims of the afferent orifices of pre-capillary
and true capillary-sized vessels.

At the instant of burning an animal across the hack and rump, many visible
terminal pulmonary arteries constricted completely shut. Shortly, most of them
reopened.

Within 30 seconds to one minute masses of agglutinated-blood cells, some large,
some small, eame down into pulmonary artery tips. The Dblunt, porous-walled
pulmonary artery tips trapped the largest masses immediately. Blood continued
to flow down the arteries around and over the trapped masses.

Trapped masses slowly broke up, perhaps affected by chemicals from passing
blood or adjacent tissues.

Thus, pulmonary artery tips have a ‘‘catch-trap’’ architecture which catches
and holds some sludge masses until they disintegrate.

1 Supported by a grant from the Office of Naval Research (NR114-065), Department of the
Navy to the Medical College of South Carolina.

160. Studies of basic dye-nucleic acid interaction. Harold KOENIG, Ruth
KOENIG*, Jerome EISENBERG* and Daniel SCHILDKRAUT?, Depart-
ment of Anatomy, Chicago Medical School.

Thionin in aqueous buffer at low pH (3.5) stains nucleic acid-bearing structu.res
selectively in formalin-fixed sections of mervous tissue, no differentiation heing
required. Microspectrophotometry of stained nerve cell cytoplasm reveals inter-
esting alterations in the absorption spectrum of the hound dye. The amount
of dye bound by cytoplasmic ribonucleic acid as measured by the Dewmu reaches
a masimum value after 20 minutes of staining and remains unaltered even after
18 lhours of staining. The staining of nerve cell eytoplasm follows Lambert’s
law, i.e., staining intensity as measured by Dgwma iS a linear function of section
thickness. These data suggest that nucleie acid and thionin under these conditions
of staining combine in a stoichiometric manner and that such staining can be
utilized for quantitation of nucleic aeid in tissue sections by microspectropho-
tometry. The question is being investigated biochemically with fixed homogenized
brain which is stained with thionin under standard conditions that duplicate tl.xc
staining of tissue sections. After washing out of excess dye, the nueleic acid
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and dye are extracted with perehloric acid and the plx.osphorus, sugz_u' 'and nitro-
gcnou;: bases of the mucleic acid determined along with dye.. Preliminary data
indicate that thionin combines with nucleic acid in the proportion of one mole of
the dye to two moles of nueleic acid phosphorus.

1 Supported in part by 2 grant-in-aid from the U. 8. Public Health Service.

121. The morphology of the contractile apparatus of papillary muscle. S. L.
KORNIIAUSER and George R. SCHRODT*, Department of Anatomy, Uni-
versity of Louisville School of Medicine.

Materinl was sheep hearts, Tlelly fixed, stained with silver for reticular fibers
and Crossmon’s acid-fuchsin fast-green for tissue detail. The Z-lines mnot only
extend aeross the musele fibers through the sarcoplasm, but beyond to the inter-
fiber retienlar network, where they ean be clearly seen connceting with fairly coarse
longitudinal reticular fibers and pericapillary reticular networks. The connections
with the fairly coarse longitudinal fibers produce a zig-zag appearance resembling
@ elosed zipper. The longitudinal reticular fibers are connected with a fine trams-
verse set lving o sarcomere or less apart. This forms a close network about every
cardiae musecle fiber and capillary, all intimately united with the Z-lines at the
periphery of every musele fiber. The longitudinal reticular fibers converge and
unite into strong bands as they reach the apex of the muscle. Lying between the
terminal eardiae fibers these coarse silver stained strands unite with the green
collagenous fibers of the chordae tendineae. In the area of union numerous fibro-
cyte nuelei and capillaries are seen. The distal ends of the terminal eardiac muscle
fibers are only tenuously comnected by means of a few green staining fibers,
Thue the traction of the musele upon the chordae is transmitted from the sides
of each muscle fiber through the Z-lines to the rvetienlar network, then to the
strong longitudingl retienlar strands and finally to the chordae.

Gi. Conncetions of the superior pavictal gyrus (arvea i or PE) in the monkey.

Wendell 3. 8, KRTEG, Department of Anatomy, Northwestern Universitv
Medieal Schaol, '

Doraal aren 5 sends a strong albal stalk ventrally and forward, hecoming nar-
row at hifurention above eaudate. The surface is represented topically as sagittal
bands. The projectianal braneh drops ventrally into lateral end of pedunele and
end= sumengr ateral amd dorsal pontile nueled, except for a few fibers which con-
tinue throngh bulbar pyramid. None enter tegmentum. The ecallosal braneh is
weak and finefibered but widely distributed, though not to liomotopic site, Cortico-
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Suleal 5 (intaparietal) has much reduced stalk and connections of all sorts,
corticofugal and corticopetal; likewise paracentral dimple; supporting earlier
discovery that suleal cortex has sparser conmections than corresponding gyral
(except thalamocortical). Depth of intraparietal sulcus reflects funectional sepa-
rateness of areas 5 and 7.

Midget or shallow lesions show as widespread connections as inclusive lesions,

181. Observations on meuronal transport of wesicular stomatitis virus through
the rhinencephalon of the mouse. Hartwig KUHLENBECK and Maria
WIENER KIRBER*, Department of Anatomy and Bacteriology, Woman’s
Medieal College of Pennsylvania.

In 1937 and 1938 Sabin and Olitsky studied neuroinvasiveness of vesicular
stomatitis virus in the mouse and demonstrated axonal as well as transsynaptic
spread, With strains of VS Indiana and VS New Jersey virus supplied by Dr.
Peter Olitsky we have repeated a series of intranasal instillations in order to
obtain additional data concerning histopathology and distribution of cerebral
lesions. We furthermore tried to ascertain whether these virus strains could be
utilized as implements for a convenient and reliable method of neuronography.
Young albino mice of 4-5 weeks were used after determining a suitable degree
of infectivity by repeated adult mouse brain passages.

The lesions are characterized by pyknosis, a peculiar type of karyorrhexis,
cytoplasmolysis, ghost cells and complete disappearance, often resulting in areas
of diffuse gelatinoid degeneration. Localized meningoencephalitis with perivasculifl‘
cuffing was a variable additional feature. The presence of inclusion bodies 18
dubious.

In prosencephalon olfactory bulb, olfactory tubercle, anterior and posterior
piriform lobe, amygdaloid nucleus, fundus striati, septum, cornu ammonis, hypo-
thalamus and epithalamus displayed lesions, occasionally spreading to thalamus.
Spread into reticular formation of brain stem, also affecting additional structures,
was the probable cause of death.

Although these virus lesions provide data for evaluation of neural pathways
and functional systems, the numerous variables involved, causing an uneven and
capricious distribution, appear to limit the usefulness of this method.

150. Autonomic meuroeffector formations. Albert KUNTZ, Department of An-
atomy, St. Louis University School of Medicine.

In successfully impregnated silver preparations, arteries appear to be invested
with a neural plexus in the adventitia and a deeper one that is located in relation
to the media. The deeper plexus consists predominantly of sympathetie fibers,
since it undergoes almost complete degeneration following postganglionic sympa-
thetic denervation of the artery. Most of its fibers lie in a mnarrow zome at the
surface of the media. They are arranged in a meshwork of slender bundles from
which some fibers extend parallel to more superficial cireular muscle fibers.
Discrete nerve endings in the media could not be demonstrated with certainty.
In preparations of the gastro-intestinal tract, the plexiform neural structures
associated with the smooth muscle in general lie parallel to the muscle fibers,
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but frequently give off lateral branches that cross n-mscle ﬁ.bers oblique?ly or at
right angles. The plexiform neural structures assoeiated with gland tissue are
intimntcl_;' related to the gland cells, but discrete nerve endings are not apparent.
The hypothesis that autonomic neuroeffector mechanisms require n? discr.et‘e nerve
endings is supported. Inclusion of cellular clements, such as the interstitial cells
of Cajal, in the neuroeffector formation is not indicated.

140. A4 quantitative study of the brain, of its parts and of the spinal cord in an
inbred race of rabbits (race X).! Tomer B. LATIMER, Department of
Anatomy, University of XKansas, and Paul B. SAWIN, Roscoe B. Jackson
Memorial Laboratory,

The weights of the brain, its 4 divisions and of the spinal cord were studied in
100 tabbits. Fifteen of the males and 20 of the females were heterozygous for
the dwarl gene.

All measurcments are greater and more variable in the females but are larger
as pereentages of the body weight in the males, Of the total brain weight, the
prosencephalon comprices 6765 ; mesencephalon, 8% ; eercbellum, 159 and medulla,
10%.. The vord weight is 4397 of the brain weight in the males and 46% in the
femnles, and #ts length i= 619 of the body length.

Although the parts of the female nervous system are more variable, they are
better correlated. The correlations vary from - 0979 to -+ 0.286, the lowest
heing with the midbrain.

The dwarf gene reduces body size more than the size of the nervous system,
and all ave reduced more in the females than in the males. The weights of the
meseneephalon and medulla are reduced more than the prosencephalon and cere-

bellmn, and the proportions of the heterozygous brains are more constant as
evidenced by their percentages of brain weight,

Vrhix fnveetigation was supported (in part) by research grant PHS ¢-©
Nntional Cancer Institute, National Institutes of Health, Public Health Servigcjfo from the

77, Hormonal and nutritional influences on the male reproductive system. James

L LEATHEM. Burcau of Biologieal Research and Department of Zoology,
Rutgers University,

Adult mnle rats exhibited no atteration in testis size or in spermatogenesis when
fed a protein free diet for 20 days. Furthermore, 0.25 mg of testosterone pro-
pionnte daily maintained spermatogencsis in hypophliysectomized rats fed a diet
l:u’);}n{: protein, Protein free feeding for 00 davs induced a varied degree of
testie ntrophy in normal rats but seldom abolished spermatogenesis despite a
marked rediction in pituitary gonadotrophin content.  Seminal vesicle weight,
?mmjn"r. n-.’u‘lu"d cxxtrate tevels, To further evalunte the need for dietary protein
otesdic Tunetion, adnlt male rats were protein de
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groups of hypophysectomized rats were given 0.25 mg of testosterome propionate
daily. Testis weight and seminal vesicle responses were improved by feeding
protein but testis water and protein concentrations were comparable regardless
of diet. The androgen maintained spermatogenesis and alkaline phosphatase,
Lipid accumulation was prevented in rats fed protein but some spermatogonial
lipid appeared when 0% ecasein was fed.

1 Supported by USPH Grant A-462.

99. Quantitative relationships between dietary iodine and sodium chlovide in the
induction of goiter in the C3H mouse. C. P. LEBLOND, H. ISLER* and
A. AXELRAD*, Department of Anatomy, McGill University.

To determine the effect of sodium chloride on the iodine requirement of the
mouse, 174 C3H (Heston) male mice were divided into 4 groups fed diets supplying
0.13, 0.4, 1 and 3 ug of jodine per animal per day respectively. Each group was
further divided into 4 subgroups receiving 0, 0.1, 1.0 and 3.0% sodium chloride
mixed with the respective diets.

At autopsy 67 days later, thyroids were found to be enlarged 8 to 12 times -
in the animals ingesting 0.13 ug of iodine per day, the size increasing with the
amount of sodium chloride in the diet. Thyroid enlargement was completely
inhibited at levels of 0.4 ug or more of iodine per day whether or not sodium
chloride was added to the diet.

Histologically, the thyroids were strongly activated in all animals ingesting
0.13 pg of iodine daily. At levels of 0.4 and 1.0 but not 3.0 ug of iodine, the
degree of thyroid aetivation was increased by sodium chloride.

In general, the aceumulation of radic-iodine by these thyroids was inversely
related to the iodine intake of the animals. At each level of iodine intake, the
radio-iodine accumulation was increased by ingestion of sodium chloride.

Thus, the iodine requirement of the mouse — as judged by the maintenance of
normal structure and function of the thyroid gland — varies over a wide range
depending on the amount of sodium chloride in the diet.

190. The effect of anoxia upon the lipemia-clearing property of heparin Virgil
S. LeQUIRE, Lee M. WORLEY* and Mary E. GRAY, Department of
Anatomy, Vanderbilt University.

In a study of the enzymatic nature of the lipemia-clearing effect of heparin in
dogs, it was observed that anoxia alters this effect in wivo. Lipemias were pro-
duced by feeding olive oil 8 to 4 hours before the time of the experiments. Optical
density was measured by means of a Beckman Spectrophotometer, Model B. )

It has been reported that in the normal lipemie dog, a standard dose of heparnn
(30mg.) will cause a reduction in the optical density of the plasma of 77 Per
cent of the total amount possible within 5 minutes (LeQuire, Gray and C_OI?b’
1053). Anoxia produced by rebreathing previous to heparin injection, inhlbfts
this clearing response to a degree apparently relative to the degree of :mo.\‘?ﬂ-
Intravenous sodium cyanide which is presumed to produce a cytotoxic nno:\'m,
also inhibited the lipemin-clearing response to heparin. The quantitative relation-
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ship between the cyanide dosage and the degree of inhibition .'wa-s .more al')pm'e-nt
in thege experiments. Intravenous 2,4-dinitrophenol did not inhibit th.e ].1pen.na-
clearing response to heparin, No effects similar to these were observed in in vitro
experiments. .

1t is suggested that the production of lipemia-clearing factor in response to
heparin is dependent on oxidative enzymes at a cellular level.

1 Supported by a grant from Eli Lilly and Co.

50. The reestablishment of the necurosecretory pathicay following total hypophys-
cetomy in the rat.! Theodore F. LEVEQUE*, Department of Anatomy, Uni-
versity of Colorndo School of Medicine. (Introduced by Ernst Scharrer)

A generally applieable explanation has never been advanced for the fact that
experimental removal of the posterior pitunitary does not neeessarily result in
permanent polyuria. Seme investigators have attempted to implicate the ¢pitui-
evtes’? in the pituitary stalk. It has been shown, however, that these cells do not
eluborate the posterior lobe hormones.

An explanation for the lack of development of permanent diabetes insipidus
could possibly be found in the regeneration of nerve fibers with a concomitant
reestablishment of a storage and liberation center for the hormones elaborated
by the cells of the supraoptic and paraventricular nuelei. Sueh a regeneration
appears to take place (Stutinsky, ’53). In an effort to study this phenomenon
in more detail, young adult white rats were kept from 5 to 8 weeks following
total hypophysectomy. Subsequent to this period, the proximal end of the eut
stalk has regenerated into a posterior pituitary-like body within which an aceumu-
lation of ncurosceretory material can be demonstrated. It is known that the
neursrecretory material and the hormones cannot coexist independently. "If, there-
fore, these animals are dehydrated and the aceumulated neurosecretory material
disappears, it could be concluded that the regenerated stump is again })hysiologi-
cally functional.  Experiments completed thus far indieate that the process of
dehydration does indeed result in the depletion of some animals, but not of others.

PONR Contract Gonr-231.VIIL,

{i. Studies on the mechanism of dise herniation? I1. R, LISSNER* and F. Gavnor

EVANS, Department of Anatomy and Department of Engineering Me-
chanies, Wayne University,

The influenee of statie vertie: ansvers i i

g e e of statice \(.rhc..\l and transverse (bending) loading on lumbar
1“  hermintion has been studied in intaet lumbar spines from fresh and embalmed
adics of mdult male individunls, The specintens were statieally loaded to failure
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curve plotted by an automatic stress-strain recorder attached to the testing ma-
chine. The ultimate compressive strength of individual lumbar intervertebral
dises, both fresh and embalmed, was tested to determine the influence of em-
balming upon the stremgth of the dises. All specimens were moist when tested.
The results obtained by the various tests will be illustrated and discussed.

! Supported by a research contract with the Aero Medical Laboratory, USAF, and (in_part)
}I)iv lliiseélrch Grant A-377(C4) from the National Institutes of Health, United States Public
ealt ervice,

178. Study of the innervation of Clarke’s nucleus in the cat} Chan-nao LIU,
Department of Anatomy, University of Pennsylvania.

It has been stated that Clarke’s nucleus receives its afferent fibers only from
the dorsal roots. If so, this nucleus should be suitable for testing the effects of
dorsal root seetion upon the intact neurons of Clarke’s nucleus and supply data
as to the mechanisms of transneuronal degeneration. Experiments to establish
distribution of spinal afferents in this nucleus have been made. Each dorsal root
was severed near the ganglion and after 4 to 7 days degeneration was determined
by Nauta’s technique which selectively stains degenerating axoplasm. Clarke’s
nucleus receives extensive ipsilateral innervation from a single dorsal root. In-
nervation is maximal at level of entrance of spinal root and gradually diminishes
over as many as 11 segments of the nucleus. For example, dorsal root T10 supplies
all of the nucleus except the two or three most rostral and caudal segments, L7
supplies the lower 8 segments of the nucleus. The extensive overlap of afferent
supply indicates the need for extensive dorsal rhizotomy in the study of effects
of denervation on the cells of this nucleus.

Preliminary experiments indicate that complete unilateral section of dorsal
roots caudal to T10 results in chromatolytic changes in some cells of the ipsilateral
Clarke’s nucleus.

1 Supported by a grant from U. S. Public Health Service.

21. The effect of prolonged fixation with osmic acid on the electron microscopy
of lung tissue. Frank N. LOW, Department of Anatomy, Louisiana State
University School of Medicine.

Small pieces of lung tissue were fixed in buffered osmic aeid (Palade) for
periods varying from a few minutes to more than 50 hours. Most structural
features remain unchanged after fixation times up to 4 hours. The basement
membranes of endotheliwn and epithelium may or may not be osmicated. Sox.ne
fragmentation may be present in endothelium and epithelium, marking the beguf'
ning of eytoplasmic dissolution. After 17—20 hours fixation endothelial and epi-
thelial eytoplasm have dissolved in most areas, but the basement membranes of
both are intact and heavily osmicated. At this stage blood leucocytes and alveolar
epithelial cells are represented by naked nuclei. Alveolar macrophages are more
resistant but show cytoplasmic thinning and fragmentation. After 40-50 hours
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most structural identities and relationships are obseure be'cause- of e.\:‘.censrt's
fragmentation. The dissolution observed after prolonged fixation with osmic act

is most evident in thinly attenuated evtoplasmice shects exl?osed to free surfaces.
1t is less ecomplete in rounded up free cells and least so in cells closely packed
together.

19. Dust concentrations in mammalian lungs as clews to non-hemic fluid flow
jrom alveoli into lymph vessels? Charles "C. MACKLIN, Department of
Histological Research, University of Western Ontario.

Although most of the dust that reaches the mammalian alf'eoli is eliminated
via the glottis, a small fraction aberrantly enters the Jung tissue and som'e of
this reaches the hilar nodes and beyond. The portal of entry is spongy tissue
particularly in the walls of transitional bronchioles and stems of respiratory
bronchioles but also upon pulmonary vemules and arterioles and even in sub-
plenral tissue. These inlets of lymph vessels (outlets of alveoli) apparently re-
ceive the overflow of alveolar surface fluid, Much of this fluid is normally
vaporized and exhaled but the remainder is presumably climinated as Iymph.
Thus is provided a means of escape for this redundant fluid from the lungs
whereby the alveoli are guarded from edema and the bronchial tree from flood-
i, The Iymph drainage of the Jungs, sometimes copious, is thus explained. In
pereolating through the epithelinm of the airway-outlets and around the reticule-
endothetial receptors of these initial lymph canals the fluid relinquishes much
of its dust content as fine phagoeytized particles. It is suggested that these ae-

cumulations of dust reveal the sceret of the origin of probably most of the
lymph of the lung.

(M Par thic and other recearch herein recorded by me, assistance was furnished by the
Natnn! Cancer Institute of Canada and the Nationnl Research Couneil of Canada.

115, Degeneration and regeneration in skeletal mnscles of vitamin E deficient
homslers as a basis for bioassay of alpha-tocophcrol and other anti-
dustrophic substances? Karl E. MASON and William T, WEST”, Depart-

ment of Anatemy, The University of Rochester School of Medicine and
Drentistry,

Byrinn hamsters reaved from weaning on vitamin E deficient diets manifest,
nlter whout 60 days, rather widespread microscopie lesions of muscular dystrophy.
Interspersed smong normal fibers i .
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generation and repair. These results form the basis for a proposed bioassay
procedure for anti-dystrophic compounds. The results obtained to date, indicating
that when administered orally beta-tocopherol, alpha-tocopherylhydroquinone and
alpha-tocopherylquinone possess approximately one-half the anti-dystrophic activ-
ity of alpha-tocopherol, and that certain esters of the hydroquinone and other
oxidation products of tocopherol are inactive, will-be discussed.

* Aided by Grant-in-aid from the Muscular Dystrophy Associations of America, Inc.

194. Comparison of skin and colonic temperature reactions in rats subjected to
total body stress with those due to localized thermal stimuli* L. C. MAS-
SOPUST, Jr.* and W. R. MC CRUM, Department of Anatomy, University
of Colorado.

When rats are placed in a cold environment they respond by peripheral vaso-
constriction, as indicated by decrease in skin temperature, without appreciable
change in colonie temperature. If these animals are given a vasodilator drug,
peripheral vasodilation occurs, accompanied by a fall in colonic temperature.
When anesthetized rats were subjected to a localized cold stimulus while in en-
vironments maintained at 24 to 26°C., a parallel decrease in skin temperature
and colonic temperature was regularly observed. When these animals were sub-
jected to a localized heat stimulus at mormal environmental temperatures, there
were parallel and simultaneous increases in skin and colonic temperatures.

On the basis of these experiments it appears that, while peripheral vasocon-
striction plays an important role in the reaction to cold stress, under normal
environmental conditions and while generalized peripheral vascular reactions to
localized thermal stimuli are as expected, body temperature responds paradoxically
in the latter situation. The change in body temperature may reflect an increase
in metabolic activity which is due to nervous stimulation of, or simple thermal
changes in, the hypothalamus.

S  Supported by grants from Armour and Company and the United States Public Health
ervice.

184. Gross observations of peripheral nerve regemeration in the white rat with
small doses of the drug piromen? A. W. MC CULLOUGH, Department of
Anatomy, University of Arkansas School of Medicine.

Litter-mate pairs of weanling Sprague-Dawley rats were operated upon, m{der
nembutal anaesthesia, the right sciatic nerve being cut through half to two thm?s
of its cross dimension with fine scissors. The experimental member of each pair
was given piromen in a sodium lactate R soluton while the control member re-
ceived the lactate solution in the same dilution without the piromen, a$ 2
placebo. Dosage varied from 0.25 to 0.75 pg/kg body weight. Injections were
made subcutaneously adjacent to the operative site on the day of operation and
on cvery fourth post-operative day for periods of from two to five weeks. Both
members of a pair were sacrificed at post-operative periods ranging from two
weeks to six months.
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Gross findings include (1) the frequent presence of meuromata at thetsxte ?f
nerve section in the control animals and o complete absence of s1?ch strue ulres 1;1
the experimental animals; (2) markedly less subcutaneous and mtermusc'u ar fi-
brosis in the experimental animals as compared to the cont:rols 'for periods up
to threc months after operation; (3) better return of function in the operated
leg of the experimental animals, a difference noticeable three weeks after opera-
tlO;Ii.icuroscopic findings will be reported later in relation to these gross observa-
tions,

1 Piromen nnd piacchbo were provided by the Baxter Laboratories, Morton Grove, Illinois,
Dr. Willinm F, Windle, Scientific Director.

189. Blood supply of the caudate and quadrate lobe of the human liver? Nicholas
A. MICHELS, Danicl Baugh Institute of Anatomy, Jefferson Medieal Col-
lege. .

A statistical estimate based on extrahepatic dissection of 50 specimens. Ar-
teries entering caudate lobe were derived from (1) right hepatic or aberrant right
hepatic (60%) via branch that descended behind portal vein giving off bifur-
cating twigs to caudate process before ending in papillary process with grapevine-
Jike distribution of twigs; (2) right and left hepatic (14%), former supplying
braunches to caudate process, latter to papillary process; (3) middle hepatie derived
from right hepatic (6%); (4) right, left and middle hepatic (4%); (5) right
and middle hepatie (86%); (6) solely from left hepatic or hepatie (8%). Cau-
date branches varied from 3-10. Prevailingly, they were shori, tiny, communi-
cating, subeapsular branches that bifureated before entry.

Quadrafe lobe (part of medinl segment of left lobe as demonstrable in 150
vinyl acetate plastic easts of human livers made at this Institute by Healey and
Schroy) was supplied mainly by the middle hepatic derived in about equal propor-
tion from right hepatic (509%) or left hepatiec (44%) and in 6% from other
sources (celine, hepatie, gastroduodenn), right gastrie). In umbilical fossa middle
hepatie intermittently and at different levels gave off small branches (3-7) to
left side of quadrate lobe and to floor of fossa, Distally it supplied branches to
faleiform ligament which communieated with branches from internal mammary.
In instances, it gave off branches to left lobe, as comparably, the left hepatic
supplied branches to quadrate lobe. Subeapsular terminals of middle hepatic

frequently anastomosed with one another and with branches from the right or
left hepatie.

! Aded Ly a grant from the Ameriean Philosophicnl Socicty.

40, The lumbar certebral column at vest and in abduction. Meryl MILES and
Walter SULLIVAN, Department of Anntomy, University of .Wiscansin.

The Inmbosacral and lumbar intervertebral jointg were studied 3n 20 young
sdulte. Abduetion, as used here, refers to both the lateral flexion and th’e tor
M ¥). » ’ ) )
a‘.nzx. Phetegraphe and x-rays were made of cach subjeet standing at rest: ab
dueted to the right and to the Ieft. Th i ' ‘ Tur i
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At rest displacements from the vertical and/or torsion could he seen in 13 col-
umns. The maximum deviation of the cephalic border of the sacrum from the
horizontal was 5°; that of the first lumbar vertebra was 9°; that of any single
vertebra was 6°.

In abduction, displacement in the lower segments is usually contralateral. Only
5 individuals showed homolateral movement at all 5 joints and in only 2 of these
was it bilateral. Abduction was minimal at the lumbosacral joint. It was usu-
ally maximal at 1 or 2 of the 3 upper joints but ocecasionally it was maximal
between L4 and L5. For any single segment the movements to the right and left
were equal or unequal in about the same frequency. The total maximal displace-
ment in any one individual was 36°; the minimal was 6°.

5. Pattern perception after implantation of dieleciric plates in the wisual cor-
tex Nancy MINER* and R. W. SPERRY, Division of Biology, California
Institute of Technology.

It has been found that demse implantation of tantalum wires throughout the
visual cortex or extensive subpial slicing of the visual cortex in eriss-cross
patterns fails to produce any marked disturbance of detailed pattern perception
in the eat. On the possibility that implanted wires and knife scars may not
distort significantly the configuration of DC flow in the cortex, another test was
conducted in which thin plates of mica were inserted vertically into the visual
area. Most of the mica plates invaded the white matter for variable distances.
They were placed in patterns designed to sparo the optic radiation fibers but to
effectively distort tangential direct current flow across the cortex. In 3 cats so
treated, visual pattern diserimination was only slightly impaired and rapidly
returned to approximately the preoperative level. The impairment was greater
in two other eases, but in these latter two visual diserimination returned gradually
in the course of 3 months to near the preoperative level. The degree of ful.lc-
tional impairment seemed to be correlated primarily with the degree of 1n-
vasion of the white matter and secondly with cortical damage. Taken together
the findings fail to indicate a dependemce of visual pattern perception upon the
massive DC currents in the cortex as conceived in electrical field theory.

- lsdllppm‘fed in part by funds from the National Institute of Neurological Diseases and
'indness.

2. A reappraisal of the formation of the hair germ in hair follicles. Willialzn
MONTAGNA and Herman B. CHASE*, Department of Biology, Brown Uni-
versity.

The belief that hair follicles during the transition from the active to Fhe
quiescent state set aside a ‘‘hair germ’’ is not tenable. Chase (1954, Phy siol.
Rev.) has recently compiled abundant evidence against this view, and our ?b-
servations on the effect of X-rays on human hair follicles are of particular im-
terest. After the scalp is X-irradiated with 750 T, the entire matrix of the bulb
degenerates. The upper bulb degenerates more gradually and becomes reduced to
an attenuated cord of cells. Since a club fails to form, the hair is shed and
the whole follicle becomes a solid cord of cells composed of cells from the ex-
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ternal sheath. As the lower part gradually degenerates, .the cord is'shortened
and its base retreats within the dermis. The dermal papilla, always in contact
with the base of the cord, retreats upward with it. After 5 to 7 \veelfs the bas_e
of the follicle and its associated papilla, rest halfway up n the dermls_. At th}s
{ime the cells at the base of the cord in contact with the delzmn.l papilla begin
to proliferate and they grow around the dermal papilla: This is the on'set of
recovery and growth of a mew hair bulb. These observations focus attention on
the esternal sheath in the upper one half of the follicle as the sou.rce of th.e
“‘hair germ.”’ The lower half of the hair follicle, including the bulb, is a transi-
ent strueture which must be formed anew from the cells of the external sheath
at the onset of each hair gemeration. During the periods of growth and rest,
the upper one half of the external sheath is the only permanent portion of a

nair follicle. We believe that the events in normal eatagen are essentially similar
to those outlined above.

172, Effects of uterine distention during the estrous cycle on ovine reproduction?

W, W, MOORE* and A. V. NALBANDOYV, Department of Animal Science,
TUniversity of Illinois.

Uterine distention alters the estrous cyele through a newrogenic mechanism.
Experiments were designed to determine the degree of uterine distention neces-
sary f{o cause aberrant cycles and the effects of distention initiated at various
stages of the estrous cyele.

Distention was produced by suturing a plastic bead (2, 4 or 8 mm in diam.)
into the uterine lnmen during metestrus, diestrus, or proestrus of normal ewes.

Two-mm beads had ne apparent effect on the lengih of the estrons eycle.
Aleo Sm beads introduced during proestrus had no significant effect on cyele
length (174 =2 0.80 days), but inereased the variability. Iowever, 4- and 8-mm
beade introduced during metestrus caused a significant deerease in eyele length
(128 = L77 and 13,0 2 1.23 days respectively) compared to the normal of
}ﬁ:i = 0.30 days. Eight-mm beads introduced during diestrus caused a significant
merease in estrous eyelr length (228 = 1.21 davs). but denervation of the dis-
'wlil.‘lud portion of the uterus resulted in eveles of normal length (17.0 £ .55 days).
; The "t-’ﬁv(-ts on eyele length which follow uterine distention vary with the
me of the evele at whie PR S . .
:,r;(:k ‘1:: :{\\«h\ \' Jnc}x diztention is 'shmed. andgd snpp?rt the.h:vpothcsxs that

sHce i Ay evele result from alteration of the endoerine activity of the an-
SHOT pstwmitery gland through a neural or neurohumoral mechanism.
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or cross sections were made. The sections showed the tissue layers characteristic
of mammalian mandibular condyles. These consisted of an outer dense fibrous
layer, a cellular fibrous layer, a hyaline cartilage layer, and then the bone which
continues into the peck and ramus. As vispalized by most investigators, ramal
height growth is accomplished by proliferation of the cellular fibrous layer,
this is converted to hyaline cartilage which in turn becomes calcified, destroyed
and replaced by bone. Since the condylar head is larger than the ramus, inves-
tigators have assumed bone resorption occurred in the neck region. Growth in
mandibular length is accomplished by bone deposition on the ramal posterior
border with simuitaneous bone resorption on its anterior border.

Osteoclasts were found internally adjacent to the calcified cartilage spicules,
under the periosteum on the neck medial and lateral surfaces, and the anterior
ramal horder below the condyle.

The number of osteoclasts seen on every temth section in these regioms was
tabulated and averaged. Sagittal, frontal and cross sections all showed a con-
stantly decreasing number of osteoclasts per slide with increasing age from Ssix
through fifty-eight weeks. The osteoclast count taken from animals two to six
weeks of age show more variability.

1 These studies were aided by a contract between the Office of Naval Research, Department
of the Navy, and the University of Kansas City, School of Dentistry (NR 180 031).

151. Innervation of the ocular blood wessels in the cat. T.eonard M. NAPO‘LI-
TANO*, Department of Anatomy, St. Louis University School of Medicine.
(Introduced by Albert Kuntz)

Cats were subjected to surgical removal of either the ciliary or the supef_i(’r
cervical sympathetic ganglia. Twenty to 28 days were allowed for degenerafion
after which the entire orbital contents of 9 cats were serially sectioned at 20
microns and stained with a modified Gros-Bielschowsky, or Holmes’ silver tech-
nique, or with hematoxylin and eosin. R

Removal of the ciliary ganglion did not result in complete parasympathetic
postganglionic degeneration within the eye due to accessory ganglia in the shorb
ciliary nerves both without and within the selera. This operation resulted in 1o
observable changes in the innervation of the ocular vessels.

Superior cervical ganglionectomy resulted in degeneration of most of the nfarve
components to the blood vessels, but a small number of nerve fibers remained
intact. Some of these undoubtedly were afferent. Some may have arisen from
accessory sympathetic ganglia. Removal of the superior cervical ganglion probably
results in degeneration of few if any sensory fibers of the ocular blood vessels.

No discrete merve endings were observed in the blood vessels. Most of the nerve
fibers are involved in a plexus located at the surface of the media.

63. Observations on the efferent conmections of the thalamus. Blaine S. NASH-
OLD*, John HANBERY*, Jerzy OLSZEWSKI, Department of Neurolog¥
and Neurosurgery, McGill University and the Montreal Neurological Tnsti-
tute.

Extensive cortical ablations and foeal lesions of the striatum were made. in f‘ﬂfi‘
and monkeys, and the degeneration of the thalamic nuclei was studied it Niss
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stain after survival periods of two months or longer. Degeneration in the
thalamus does not follow the ‘‘all or nothing’’ principle. Between the extremes
of entircly normal appearance and complete degeneration with loss of ganglion
cells and heavy gliosis there exists an array of intermediate changes. Their
significance in the organjzation of thalamic efferents will be discussed.

Lesions restricted to the caudate or putamen did not result in degeneration in
the thalamic nuclei. Lesions of the caudate which involved the adjacent portion
of the internal capsule were followed by extensive cell loss and gliosis which
involved the oral portion of the reticular nucleus, the nucleus ventralis anterior
and the oral portions of the intralaminar nuelei.

Cortical removals consisted of hemidecortication, either complete or limited to
the isocortex. In addition to degeneration of the specific projection nuclei, marked
chianges were present in the intralaminar nuclei. The changes were observed after
removal of the isocortex alone with varying amounts of damage to the under-
lying white matter. In complete hemidecortication the extent of degeneration of
the intralaminar nuclei was only slightly modified. The details of these findings
will be presented and their significance discussed.

60, Terminal distribvution of some afferent fiber systems in the cerebral cortez.
Walle JJ. H. NAUTA, Department of Neurophysiology, Army Medical Service
Gradunte School. (Assisted by David G. Whitlock)

The intracortical distribution of degenerating axons was studied following
(a) lesions of various specific thalamic nuclei in the cat; (b) small ipsilateral
cortieal lesions, mostly in the striate and auditory I areas of rat and cat;
(¢) smaller or Inrger contralateral cortical lesions in rat, cat, and monkey. All
eases of thalamic lesion showed profuse terminal degeneration, mainly of the
pericellular type, in layers IV and TII of the corresponding cortical area; and
fewer degenerating fibers (probably corresponding to Lorente de No’s non-specific
cortical afferents) were observed to continue and arborize into layers IT and I.
Ipsilateral intracortical and corticocortical fibers show an extrémelv complex
arrangement such fibers apparently terminate in all cell layers, but.most pro-
fusely in Jayers VI to ITT. Degenerating callosal afferents likewise could be
followed to 0l cell layers; the largest proportion of such fibers appears to dis-
tribute to Iayers VI to XTI, while only few could be traced into IT and I. Both
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under way at thirty-five days and is complete at sixty days. If animals are injected
with estradiol or testosterone during the period of nitrofuran treatment testicular
size is greatly diminished, but recovery is markedly accelerated. Thus recovery
begins about the sixth day after withdrawal of both nitrofuran and hormone, and
is complete by the thirty-fifth day. When animals received nitrofuran, estrogen
and gonadotrophin (usually pregnant mare serum) marked depression of testicu-
lar size did not occur and recovery took place as in animals receiving nitrofuran
only. Studies on glucose utilization by testes from nitrofuran treated rats
(Featherstone, Weldon and Nelson, Federation Proc., 1954) show an interference
with the terminal oxidative stages, notably pyruvate utilization. When treatment
was withdrawn recovery of this function occurred at a rate parallel to the recovery
of spermatogenesis. In animals treated with estrogen and nitrofuran recovery
of the capacity for pyruvate utilization was accelerated.

1 Aided by a grant from United States Public Health Service, R.G. 1778.

90. Mitotic abnormalities in hematopoietic cells following splemectomy. Susumu
OHNO*, Jeremy P. WARD* and Riojun KINOSITA¥, Departments of In-
fectious Diseases and Pathology, School of Medicine, University of California
at Los Angeles and Medical Research Institute, City of Hope Medieal Center.
(Introduced by Daniel Pease)

Howell-Jolly bodies were observed in erythrocytes of splemectomized rats and
appeared to be composed of two even-sized bodies coupled together. Structures
with the same characteristies were also observed in the leukocytes of peripheral
blood and in the normoblasts, myelocytes, megakaryocytes and monocytic cells of
the bone marrow of these splenectomized animals. Some cells, belonging to these
four kinds of bone marrow cells, showed mitotic abnormalities. A pair of chron}o-
somes was dislocated from the metaphase plate and remained in the equatorial
region as an unseparated pair, while the main ehromosome group SeP“mted_ and
moved to the poles as mitosis progressed to ana- and telophase. The pair of
deserted chromosomes was included as a coupled body in the eytoplasm of one of
the separating daughter cells. The coupled bodies were persistent in the erythro-
blastic cells after the resolution of nuclei. Absence of the spleen appeared 10
cause a disturbance in the karyokinetic control which affected many types of
hematopoietic cells. As a result of these observations it is believed that the
Howell-Jolly type of cytoplasmie ineclusion oceurs in other llema’coPOieﬁe.ccns
besides cells of the erythroblastic series and that such structures are 2 result
of mitotic abnormalities.

33. The prenatal development of the human centrale. Ronan O'RAHILLY,
Department of Anatomy, Wayne University College of Medicine.

. 5 ' !
Fifty human embryos and fetuses ranging from 16 to 195 mm. CR lenq%‘t\e'
were examined in the region of the centrale carpi by serial seetioning. -
nelu-

centrale was found as a free element in specimens between 16 and 19 mm. 1
sive. A variable degree of fusion with the seaphoid had oceurred in SP’:‘C“”C?S
from 22 to 49 mm.; at later stages, although the centrale could be jdentified 1:11
many instanees, fusion was complete. Fusion commenced palmarly, oceurre
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before cavitation, and involved obliteration of a homogeneous il.lterz.one. No
evidenve of disintegration of the centrale was found in this inv.estl.gatlon. Pal:-
ticular attention was given to the relations of the centrale, on which its hox‘no]og:l-
zation must depend. Serial projections at early stages revealed the relationship
to the seaphoid, capitate, and trapezoid; proximity to the lunate, .extent of
contact with the trapezium, and the degree of exteriorization were vanabl.e. T‘he
findings were compared with those in adult cases of free centrale and bipartite
scaphoid, and also with comparative primate data.

128, The ventricular system in hydrocephalic rat brains produced by a deficiency
of vitamin By or of folic acid in the maternal diet? M. D, OVERHOLSER,
J. R. WHITLEY*, B. L. O’DELL* and A. G. HOGAN*, Departments of
Anatomy and Agricultural Chemistry, University of Missouri.

Hydrocephalic rats were obtained from dams fed a diet deficient in By, or folic
acid,

In 25 hydrocephalie brains from day-old rats the cerebral aqueduet was closed
in 2 and abnermal in shape and size in 23. The fourth ventricle was normal. Con-
trols showed a group of ependymal, scereting cells in roof of third ventricle and
aqueduet which were partially or completely missing in hydrocephalies.

Fifty brains from litter mates of hydrocephalies appeared grossly mnormal;
sections showerd 15 normaly 12 had partially closed aqueduets with the special
ependymal cells partially missing and 4 of these had moderate hydrocephalus;
23 showed slight aqueduet eonstriction, normal ependymal cells and no hydro-
erphnlus,

Twenty-one embryos from B,; depleted dams which had produced 3 conseccutive
hivdrocephalic litters were sectioned; 12 at 16 or 17 days of gestation had normal
braine; 0 at 18 days were bydrocephalic. 8ix of the latter had hydroeephalus
with aquednets completely cloged. The speeial ependymal cells were missing while
prominent in controls. Three had slight hydrocephalus with special cells partially
nis-ingr, :

Geclueion of agueduct oceurs between gestation days 16 and 18, due to absence
af speeial group of cells in roof of aqueduct and third ventricle, Seeretion from
thewe eelis prevents collapse of aqueduct before cerebrospinal fluid is formed.
Vsunlly before birth cerebrospinal fluid pressure from choroid plexus distends
sentrich s and partially reopens the aqueduet,
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L]

The axon and dendrite appeared to be separated by their respective plasma mem-
branes, which at the level of closer contact were denser and thicker. The space
between the synaptolemmae was ~ 200 A. Similar cytoplasmic and membrane
appearances were encountered in the glomeruli cerebellosi and the molecular layer.
As for epidermal cells, the thickening of the apposing membranes at the level
of the synapse may represent a zone of intimate adherence.

The neuromuscular synapses were studied in rat skeletal muscles. The axon
endings had the same eytoplasmic appearance as in central synapses. The sarco-
plasmic sole showed large accumulations of mitochondria and small granules.
The axon and the muscle fiber were separate. The membrane of the latter showed
a number of deep, narrow infoldings ~ 700 A thick and 0.2-0.4 4 apart, within
which thin, dense lamellae were sometimes encountered (subneural apparatus of
Couteau). No teloglial component was apparent between the nerve and the muscle
fiber.

1 Department of Anatomy, Yale University School of Medicine.

111. Electron microscope study of the cytoplasm of neurons. Sanford L. PALAY,
The Rockefeller Institute for Medical Research. (Assisted by George E.
Palade)

Representative neurons were examined in thin sections of sympathetic and dorsal
root ganglia, medulla oblongata, and cerebellar cortex. Tissue obtained from
living, anesthetized rats was fixed in 1-39 buffered osmium tetroxide and em-
bedded in n-butyl methacrylate. In electron micrographs of such neurons the most
conspicuous cytoplasmic features are compact masses of Nissl substance. Like
basophil material elsewhere, Nissl bodies comprise two components: a thin mt.am-
branous endoplasmic reticulum arranged as more or less parallel, anastomosing
tubules or flattened vesicles, upon and between which Lie clusters of punct{tte
granules, 10-30 mu in diameter. The cytoplasm between Nissl bodies contains
numerous mitochondria, rounded lipid inclusions, and fine filaments 6-10 my 10
diameter and of indefinite length. In addition, there is a second system of mem-
branes distinguished from that of Nissl bodies by narrower lumina and tighter
packing of the membranes and by absence of granules. Intermediate forms between
the two membranous systems exist. Nissl substance extends into dendrites for a
short distance. Beyond this point dendrites and axons have similar struc’cu-res-
The endoplasmic reticulum loses its associated granules and becomes drawn into
parallel slender strands among which are occasional mitochondria and numerous
fine filaments like those in the perikaryon. A collection of mitochondria and small
vesicles (20mp in diameter) fill the axon termination. The cell membrane at
this site is thickened and denser than elsewhere.

1 Permanent address: Department of Anatomy, Yale University School of Medicine.

18. Some observations on certain large granules (LG) in the exocrine panm‘eaﬁ‘t’
cells of 14- to 17-day-old C,H mice. Harold F. PARKS*, Depﬂrfm‘;’%
of Anatomy, University of North Carolina. (Introduced by Charles -

Hooker)

Is the typical zymogen granule (0.5 to 1.5 4 in diameter) derived from a 'tin'{
germ that grows continually until it matures (Jirvi, ’40; Xeros, ’51), or 15 1
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larger at some developmental stage than at maturity (Hirschi ’32) i” This‘ conflict
in the literature emphasizes the importance of the LG (L5 to 2.5u diameter)
liere deseribed.

There were usually only 3 or 4 LG fo a cell, situated just bencath the mass of
ordinary zymogen granules or in para- or subnuclear location (ﬂ.lese were seen
to chiange their positions freely in living cells). Sometimes a single cell, and
mare rarely every cell in an acinus, was filled exclusively with LG. In the latter
2 instances, LG were refractory to pilocarpine stimulation. It was therefore
casy to obtain tissue in which LG were very conspicuous,

The following observations indicate that LG are not homogeneous spherules:
(1) When blackened with acid haematein (Baker, ’46), many were resolvable
into irregular vesicles similar to certain vitaliy-stainable cytoplasmie structures
which wax and wane in number during the process of zymogen granule restitution.
(2) Osmication following Altmann’s fixative darkened LG peripherally, and the
internnl parts of the largest ones were stainable with aniline acid fuchsin.

These morphologic and pharmacodynamic characteristics suggest (1) that LG
are immature zymogen granules, and therefore (2) that some (not necessarily all)
zymogen granules derive from larger precursors,

195, The cffect of localized beta trradiation on the skin cycle of the rai. Jerome
P. PARNELL and Joseph F. GENNARGO, Jr.*, Department of Anatomy,
State University of New York, College of Medicine at New York City.

Ceramic head sources of Strontium™-Yttrium™ and Cesium®®* containing 2 miero-
euries of isotope per bead and inactive control beads were implanted subeutane-
ously in the ears, dorsum and venter of rats of the Long-Evans strain. The sites
of irradiation were excised at 2, 4, §, and 16 days following implantation, the
beads removed, and the tissue prepared for microscopic examination.

After 2 days the tissue reaction to the initial trawma subsides in the control
arest whielr then appears normal. The area of inflammation in the irradiated site
spreads coneentrieally to ahout 4 millimeters in diameter and at 8 days ean e
noted wmacroscopically by a center of cornifieation. Initial mieroscopic changes
include cellular hypertrophy and increases in connective tissue and fat. Later a
centrnd zone of damage occurs within the cirele of inflammation. This is char-
acterived by destruction of the more actively growing structures in the epidermis,
The damaging effects are therefore expressed differently at various stages in
the exelie growth of such elements as sebaceous glands and hair follicles. The
effvcts produced by the different jonizing emanations are compared.

183

+ A statistical evalvation of cardiac measurements tmplemented by X-ray
“intion pi > ; D N y
: ' pieturest Panl R, PATER and Samuel WEISMAN®, Departments

of Anntomy and Medieine, University of Sonthern California School of
Midicine,
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the entire group, 108 subjects met rigid qualifications which indicated no ecardiac
or other possible pathology. The data obtained from the selected subjects were
statistically studied. A partial regression analysis was made, and equations for
predicting the long, broad and transverse diameters of the heart were established.

1 Supported by a grant from the National Heart Institute, United States Public Health
Service.

67. Replacement and differentiation of the intestinal epithelium in the Urodele.
Stanley F. PATTEN** and Warren ANDREW, Departments of Anatomy,
Western Reserve University and Bowman Gray School of Medicine.

A critieal study of the cells composing the intestinal epithelium of the Urod.elc
was made with respect to their method of replacement in the adult animal. Nine
species of salamanders were utilized. A survey of the so-called intestinal glanfls
of the Urodele was made with emphasis on their function and possible relatio.nslllp
to the erypts of Lieberkiihn. Specimens of Triturus viridescens were given .mtr.a-
peritoneal injections of nitrogen mustard and colchicine and their effect on mitosis,
cell migration, and differentiation was observed. )

Submucosal aggregations of cells or ‘‘cell-nests’’ were observed in all specl-
mens. These aggregations were found to be transient structures entirely de-
pendent upon the funetional state of the mueosa. Their function appeared to
be that of epithelial replacement alone, although early differentiations of the
nidal cells resulted in the formation of .mucous elements. The nidal cells would
seem to possess migratory properties. Normal mitotic activity Wi’gllin the. ¢4 cell-
nest’’ was present in 0.57% of the cells, was entirely absent after nitrogen
mustard, and was not significantly altered after colchicine. Mucous cells com-
prised 2.8% of the ‘‘cell-nest’’ population and after nitrogen mustard made
up 12.5%. The possible relationship of mesodermal elements to the nidal cells
and the relative lack of mitotic activity is suggestive of a secondary method
of epithelial replacement in the intestine.

: 3 er
* Supported in part by a U.S.P.H.S. Predoctorate Fellowship from_the Ng\ttlronnl Canc
Institute while at the Department of Anatomy, The George Washington University.

J %

141. The architecture of the normal adrenal cortes of the rat. John E. PAULS;f
Department of Anatomy, The Chicago Mediecal School. (Introduced ¥
John J. Sheinin)

The adrenal cortex of the rat is composed of a continuous mass of cells tunnelﬂ?
by blood vessels. The three zones of the cortex can be identified by two meaI}S;-
(1) the arrangement of blood vessels within the continuum and (2) the relative
size and appearance of the cytoplasm and nueclei of the individual cells.

The subeapsular arterial plexus gives rise to the capillaries of the zona glOUH
erulosa. The vessels of this zone penetrate the continuous parenchyma at o
angles to the capsule.

In the zona fasciculata the eapillaries are parallel to each other and perpen-
dicular to the capsule. . A hich
In the zonma reticularis the ecapillaries dilate into irregular sinusoids Wwh

penetrate the continuum obliquely toward the medulla.
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When the parallel capillaries of the zoma fasciculata and the siuuso.ids of Fhe
sona reticularis are longitudinally sectioned, one gets the erroncous impression
that these two zones arc composed of cords of ecells. Actually, the whole cortex
i« 1 continnous mass of cclls tunneled by blood vessels. .

The collagenous, fibrous eapsule is continuous with reticular fibers which form
the stroma. Argyrophilic fibers support the individual cells in all three layers.
Occasionally collagenous fibers from the capsule project into the parenchyma
along with the larger vessels. Small membranous accumulations of van Gieson
positive material are often seen between the cells of the zona reticularis.

51. Qbservalions on the gubernaculum in human embryos and fetuses' Anthony
A. PEARSOXN and Donald S. BOOTS*, Department of Anatomy, University
of Oregon Medieal Sehool.

The gubernaculum was studied in a series of human embryos and fetuses stained
with silver methods. The question is still raised as to whether or not the guber-
naenjum extends through a liatus in the abdominal muscles. Photomicrographs
will be shown demonstrating that the gubernaculum does extend through the
subeutanenus inguinal ring. Superfieinl to this ring it fuses or is continuous with
a fasein-like layer which resembles in position the deep layer of the superficial
fasein, This layer extends Interally toward the thigh, inferiorly into the labio-
serotnl swelling where it is lost, superiorly over the abdomen where it gradually
fades ouf, amd medinlly over the lower end of the rectus sheath where it has
attachments,

A rich network of nerve fibers supplies the lower end of the gubernaeulum.
These are derived {rom the genitofemoral and the ilio-inguinal nerves,

Strands of strinted musele fiber derived {rom the abdominal muscles become
arranged around the lower end of the gubernaculum in anticipation of the for-
mation of the cremaster muscle. In the female these muscle fibers extend along
the gubernnenlum toward the uterus. In some adults strands of striated musele
fibers enu be demonstrated in the round ligament of the uterus,

AR By o ogrant from the U, & Public Health Service.

wao Further studies of the Fidney corter by eleetron microscopy.r Daniel C,
PEASE, Department of Anatomy, School of Medicine, University of Cali-
fornin at Loo Angeles and Sawtelle Veterans Administration Hospital,
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the entire group, 108 subjects met rigid qualifications which indicated no cardiac
or other possible pathology. The data obtained from the selected subjects were
statistically studied. A partial regression analysis was made, and equations for
predicting the long, broad and transverse diameters of the heart were established.

S 1 Supported by a grant from the National Heart Institute, United States Public Health
ervice,

67. Replacement and differentiation of the intestinal epithelium in the Urodele.
Stanley F. PATTEN** and Warren ANDREW, Departments of Anatomy,
Western Reserve University and Bowman Gray School of Medicine.

A eritieal study of the cells composing the intestinal epithelium of the Urodele
was made with respect to their method of replacement in the adult animal. Nine
species of salamanders were utilized. A survey of the so-called intestinal glands
of the Urodele was made with emphasis on their funetion and possible relationship
to the erypts of Lieberkiithn., Specimens of Triturus viridescens were given intra-
peritoneal injections of nitrogen mustard and colchicine and their effect on mitosis,
cell migration, and differentiation was observed.

Submueosal aggregations of cells or ‘cell-nests’’ were observed in all speci-
mens. These aggregations were found to be transient structures entirely de-
pendent upon the functional state of the mucosa. Their funetion appeared to
be that of epithelial replacement alome, although early differentiations of the
nidal cells resulted in the formation of .mucous elements. The nidal cells would
seem to possess migratory properties. Normal mitotic activity within the ¢‘cell-
nest’’ was present in 0.57¢, of the cells, was entirely absent after nitrogen
mustard, and was not significantly altered after colchicine. Mucous cells com-
prised 2.8% of the ‘‘cell-nest’’ population and after nitrogen mustard made
up 12.5%. The possible relationship of mesodermal elements to the nidal cells
and the relative lack of mitotic activity is suggestive of a sccondary method
of epithelial replacement in the intestine.

* Supported in part by a U.S.P,H.S. Predoctorate Fellowship from the National Cancer
Institute while at the Department of Anatomy, The George Washington University.

141. The architecture of the normal adrenal cortex of the rat. John E, PAULY?,

Department of Anatomy, The Chicago Medical School. (Introduced by
John J. Sheinin)

The adrenal cortex of the rat is composed of a continuous mass of cells tunneled
by blood vessels. The thrce zones of the cortex can be identified by two means:
(1) the arrangement of blood vessels within the continuum and (2) the relative
size and appearance of the cytoplasm and nueclei of the individual eells.

The subeapsular arterial plexus gives rise to the capillaries of the zona glom-
erulosa. The vessels of this zone penetrate the continuous parenchyma at all
angles to the capsule.

Tu the zona fasciculata the ecapillaries are parallel to each other and perpen-
dicular to the capsule.

In the zona reticularis the capillaries dilate into irregular sinusoids whieh
penetrate the eontinuum obliquely toward the medulla.
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When the parallel eapillaries of the zonma faseiculata and the sinusoids of the
zonn retieularis are longitudinally sectioned, one gets the erroncous impression
that these two zones are composed of cords of cells. Actually, the whole cortex
is 1 continnous mass of cells tunneled by blood vessels.

The collagenous, fibrous capsule is continuous with reticular fibers which form
the stroma. Argyrophilie fibers support the individual cells in all three layers.
Oceasionally collagenous fibers from the eapsule projeet into the parenchyma
along with the larger vessels, Small membranous aceumulations of van Gieson
positive material are often seen between the cells of the zona reticularis.

51. Obzervations on the gubernaculum in human embryos and fetusest Anthony
A. PEARSOXN and Donald S. BOOTS*, Department of Anatomy, University
of Oregon Medieal Schiool,

The gubernaenium was studied in a series of human embryos and fetuses stained
with silver methods. The question is still raised as to whether or not the guber-
naculum extends through a hiatus in the abdominal musecles. Photomicrographs
will Bie shown demonsirating that the gubernaculum does extend through the
subentancons inguinal ring. Superficial to this ring it fuses or is continuous with
4 faseia-like laver which resembles in position the deep layer of the superficial
faseln. This lnyer extends laterally toward the thigh, inferiorly into the labio-
serotul swelling where it is lost, superiorly over the abdomen where it gradually
fades out, and medially over the lower end of the rectus sheath where it has
aftachments,

A rich network of nerve fibers supplies the lower end of the gubernaculum.
Theee arve derived from the genitofemoral and the ilio-inpuinal nerves.

Strande of striated musele fiber derived from the abdominal musecles Decome
arranged wround the Inwer end of the gubernaculum in anticipation of the for-
mation of the eremaster musele. In the female these muscle fibers extend along
the gubernacelum townrd the uterus. Tn same adults strands of strinted muscle
fibvrs ean Iv\ demoenstrated in the round ligament of the uterus,
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throughout the endothelial sheet. These pores were of nearly constant diameter
(approximately 0.1 micron). At the time of this writing it seems impossible to
decide whether or not these pores represent fixation artifacts, for in life a thin
film of watery cytoplasm might span these gaps. Some cytological details relating
to other parts of the cortex will be considered.

1 Aided by the Los Angeles Heart Associatior_x and the U. S. Public Health Service.

187. Renal function. I. Excretion of phenolsulfonphihalein by the amphibian
(Rana pipiens) kidney. Harold M. PECK, Pharmacology Section, Research
Division, Sharp & Dohme Division, Merck & Co., Inc.

Richards and Barnwell (’27) described a series of experiments in which their
objective was to determine whether the amphibian renal tubules actively secreted
phenosulfonphthalein (PSP). Concentration of PSP in the lumen of the tubules
was observed to follow perfusion of the kidney through the aorta, the portal vein,
or the ureter, They concluded that the concentration of PSP observed in these
tests was the result of the reabsorption of water by the nephron although tubular
secretion of PSP was not necessarily disproved.

Benemid, an agent that inhibits the renal excretion of PSP (Beyer, ’50), was
incorporated into experiments similar to those deseribed by Richards and Barn-
well. (1) When Benemid and PSP were injected together into the lumen of the
tubules by way of the ureter, concentration of the dye was not inhibited con-
clusively. (2) Perfusion of Benemid with PSP through the portal vein or their
co-injection into the Iymph sac of the frog resulted in definitely less or no appar-
ent, concentration of PSP in the renal tubules, but (3) if PSP and Benemid
were injected then into the ureters of- these kidneys concentration of the dye
occurred in the lumen of the nephron. (4) These results indicate that Benemid
inhibited the tubular secretion of PSP but did not interfere with the reabsorption
of water.

157. Functional recovery after section of the cervical sympathetic trunk in the
cat.! Edward McC. PEEBLES*, Department of Anatomy, Tulane University.
(Introduced by Adrian F. Reed)

The right cervical sympathetic trunk was sectioned in 25 cats, at levels from
0-65 mm caudal to the superior cervical ganglion. In three additional animals
the sympathetic trunk was sectioned at two levels, at 10 mm and at 30 mm caudal
to the ganglion. Daily observations were made to determine the earliest recovery
of approximately normal funection. The criteria used were right-left comparisons
of the sizes of the pupils, positions of the nictitating membranes and degree of
dilation of vessels in the pinnae. Indications of regeneration were checked by
clectrical stimulation. Observations have been completed on 15 cats with single
sections; full functional recovery was found to exist after an average of ome day
per millimeter of regenerated merve. This, expressed as a rate, is approximately
1.0 mm/day, the range being 0.4-1.3 mm/day; calculations were based on measure-
ment from the section to the middle of the ganglion.
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Histological preparations of this material are being studied.

Addifional investigations are being made to determine the maximum gap in
the trunk which ean be bridged by regenerating fibers and the functional regen-
eration rate across such gaps.

3 Thix investigation was supported by a research grant [I’H§ B-496 (05)'] from the Na-
tinnn! Inxtitute of Neurologienl Discares and Blindness, of the National Institutes of Health,
Public Health Service,

58. An erperimental analysis of the mesencephalic nueleust J. H. PERRY* and
J. C. HALEY, Department of Anatomy, Baylor University College of Medicine.

Transeetion of the communieations between the trigeminal and facial or hypo-
sloxsal nerves results in chiromatolysis of cells in the trigeminal ganglion and
wexencephalic nueleus of dogs. An excess of chromatolytic cells over the number
of fibers in the communications was found. This diserepancy was exaggerated
further by the ohservation that 30409 of the fiberg in the communications were
fine myelinated and unmyelinated fibers of trigeminal ganglion and sympathetic
origin, In view of the difficulties using the retrograde method, lesions of the
meseneephalie nucleus were placed in nine monkeys, Degenerating fibers were
found in the communications hetween the trigeminal and faeial, and also the
trigeminal and hypoglossal nerves. The possibility that the tongue and mimetic
musenlature have proprioceptive afferents is considered.

! Rupported by a grant from the M. D, Anderson Foundation,

17, Cytology of the adenohupaphysis as revealed by pII staining. Roy R. PETER-

SOXN and Jules M. \WEISS*, Department of Anatomy, Washington University.,

The degree of basophilia, acidophilin, and the PAS reaction was determined
for eclls of the adenohypophysis of the cat, rabbit, rat and mouse. This was
aceamplished through the use of 2 u serial sections in which the reactions of single
¢ellx to these staining procedures could be studied in three consecutive sectjons.
X fl‘?x'\ P‘\.S negative, alpha eell granules were stained with fast green up to pIl
8l with methylene Blue down to pll 7.0, The PAS positive, beta cell granules

were wluined with methylene blue down to pIl 4.0, and with fast green up to
P Nonpranular eytoplasmie areas in alpha cells ax well as small areas of

gammy eclls were etained with mwethylene blue down to pH 4.0, In all cell types
freoeytaplasmic or granular basophilia was observed below PIT 6.0 following ribo-
et A N1 ¢ Al b & .

reefeae dpetion bt the PAR reaction and fart green staining were unaffeeted
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48. Effect of total body irradiation on the blood corpuscles of adult hypophys-
ectomized rats. Bdward C. PLISKE, John F. KENT#*, J. G. VAN DYKE*
and F. H. BETHELL*, Department of Anatomy and Atomic Energy Com-
mission: Biological Effects of Irradiation Laboratory, University of Michigan.

The effect of irradiation with X-ray (500r) on the blood corpuscles of hy-
pophysectomized and non-hypophysectomized rats was compared. Irradiation was
carried out 21 days after hypophysectomy. Blood samples were taken for study
one day prior to irradiation and weekly thereafter for 11 weeks. Irradiation re-
duced the mean erythroeyte count in non-hypophysectomized rats to a low of 5.9
million/mm?® at two weeks and to 4.3/mm® in hypophysectomized rats at 4 weeks.
Recovery occurred in each case but the count failed to reach the level of mnom-
irradiated hypophysectomized and non-hypophysectomized controls, respectively.
Hemoglobin concentration paralleled the changes which occurred in the erythro-
cyte count. The mean hemoglobin of irradiated non-hypophysectomized rats was
reduced from 16.1 gm/100 ml to 12.3 at two weeks and in hypophysectomized rats,
from 15.9 to 8.5 at three weeks. The hematoerit in hypophysectomized rats was
lower than for non-operated rats but regained the level shown by the hypophys-
ectomized controls. Reticulocytes were depressed from 1.33% tfo .35% in non-
hypophysectomized rats and from .38% to .16% in hypophysectomized rats. Re-
covery in the latter reached 5.91% by 4 weeks. Post-irradiation depression in
the number of leucocytes was approximately equal in hypophysectomized and non-
hypophysectomized rats, both showing good recovery thereafter. It is concluded
that after depression induced by total body irradiation the bone marrow of hy-
pophysectomized rats exhibits a significant but limited capacity to recover.

114. The myo-tendon junction in Iar*vafj"orms of dAmblystoma punctatum. Keith
R. PORTER, The Rockefeller Institute for Medical Research.

In a further investigation of relationships between extracellular fibers and tis-
sue cells, some preliminary observations have been made on the junction between
muscle cell and tendon in the caudal myotomes of Amblystoma larvae. Electron
micrographs of this material show that each muscle fiber is clothed in a thin
sheath of fibrils which in general are oriented lemgthwise the cell. This sheath
is closely applied to a thin coating of non-fibrous material which covers the plasma
membrane externally. Together these constitute the sarcolemma. At the end of
the muscle cell the unit fibrils of the sheath come together into bundles to form
the tendomous connection with the cells of the adjacent myotome. TUnit fibrils
entering the tendon also arise from complex narrow recesses in the ends of the
myoblasts. In these early embryonic forms, the unit fibrils are very slender
(~ 100 A in diameter) and, unlike collagen, show no clear-cut evidence of perio-
dicity. They are not continuous with myofibrils or other intracellular fibers but
appear to originate from, and have their insertion in the cuticular layer covering
the plasma membrane. The myofibrils frequently terminate one or two microns
short of the end of the muscle cell and, in such cases, their only connection with
the tendon attachments appears to be through longitudinal arrays of the fine
fibrillar elements of the sarcoplasmic ground substance.
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159. The definitive response of the dilator pupillac, the retractor of the nictitating
membrane and the blood vessels of the pinna of the cat following sympathec-
tomy? Adrian F. REED, Department of Anatomy, School of Medicine, Tu-
jane University.

The definitive reaction of the dilator pupillae, the retractor of the nictitating
membrane and of the blood vessels of the pinna to preganglionic sympathectomy
(cervicothoracic ganglion) and ganglionic sympathectomy (superior cervical gan-
plion) has been observed in 9 cats, over periods ranging from 18 months to 5
vears after operation. The reaction present one year after the activity of the
experimental muscles has become stabilized postoperatively has been considered to
be definitive. Stabilization of nactivity at a mear norma) range has been the
charneteristic reaction of the three groups of experimental muscles following pre-
ganglionic sympathectomy, The definitive reaction of each group of museles fol-
lowing this type of preganglionic sympathectomy has been characterized by a
slight degree of hyperactivity, The definitive reaction of each group of experi-
mental museles following ganglionic sympathectomy has been characterized by
moderate to pronounced degrees of hypoaetivity,

The vecovery of function has not been parallel in the groups of experimental
musreles following preganglionic sympatheetomy. Typically recovery of funection

was most rapid in the smooth museles of the vessels and slowest in the dilator
pupillae.

1 Thic investigation was rupported by a research grant (PHS B-496 (C5)] from The Na-

tional Inftitute of Neurological Diseases and Blindness, of the National Institutes of Health,
Public Healtls Servien,

182, The origin of a familial character: 4 study in the cvolutionary anatomy of

moles, Charles A, REED, College of Pharmaey, University of Illinois.

Anatomists have generally ignored the search for those incipient pre-ndaptive
rhanges which, baving once become established in a population, can then furnish
the basis for a new trend in adaptive evolution, leading ultimately to extreme
eenlogieal and anatomical specialization. Of the moles (Talpidae) all but one
are uniquely specialized for burrowing by possessing two peetora) characters:
(1} On the humerus the pectoral ridge has shifted medially to abmt against
{vmetimes ta fuse with) the clongated lesser tuberosity, forming a transverse
hiripital tunnel for the tendon of origin of the M, biceps brachii. (2 The
elaviele hne Jost ite scapula articulation and iustead forms a svnovial joint with
thi preatery tnberasity of the Iaterally-held humerus, Neither (:!mmctex: is found

ioany other mammal. In the most primitive talpid (Dropsilus, from the sav

tiohle O H inli
:Natunvd» of China} neither of thees specinlized characters i found; presomably
the nnimal does not burrow., However, the peetoral ridpe is shifted distinetly

?:nhrvd tovard the leeser tuberosity, and thus the fendon of origin of the long
08y e}, fee i :
mvb el the bieops muet paee at an angle around the dictal end of this displaced
preteral shdoe, 16 s eoneluded that this <ligl i Ty
sede st this shight ehange in bone.musele meehanics
" . e, . LS ot
nal ehange toward a hnmeraclavienlar Joint, wax the
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116. Electron microscopy of the motor end-plate in iniercostal muscle of the
rat! James ¥. REGER*®, Department of Zoology, State University of Iowa.
(Introduced by F. A. Stromsten)

Intercostal musele of the rat was fixed in 2% osmium tetroxide. Areas con-
taining motor end-plates were isolated, embedded in methacrylate and thinly sec-
tioned for examination with the eleetron microscope.

Evidence is presented for the following conclusions: The nerve branches of
the motor end-plate are epilemmal in position and accompanied at the motor end-
plate area by ‘‘arborization’’ nueclei, which are smaller, have a smoother sur-
face and greater electron density than the sole-plate ‘¢fundamental,’’ musecle nu-
clei. At the level of contact of nerve and motor end-plate the sarcolemma splits,
one layer continuing sub-neurally and separating the sole-plate protoplasm of the
muscle from the branching nerve fibers, while the other is continuous with the
nerve sheath. The sub-neural sarcolemma is perpendicularly laminated in certain
areas, the laminations projecting into the sole-plate protoplasm. These laminated
areas are depressed regions within which the ramifying nerves apparently lie.
The sole-plate protoplasm lying beneath the sarcolemma contains mitochondria
and ‘‘fundamental’’ nuclei. The latter are often convoluted on the surface facing
the motor end-plate and somewhat more oval in shape than muscle nuclei found
in other areas. Evidence is also presented for the fact that the Z membranes
extend into the sole-plate protoplasm.

1 Aided by grant from the National Institutes of Health, administered by H. W. Beams.

45. Correlation of diaphragm excursion in nmormal respiration with body iype —
a cinefluorographic study. Irving REHMAN and George D. MASOX*, De-
partment of Anatomy, University of Southern California and the University
of California, Los Angeles.

Fifty normal young men were grouped as follows into three basie body types;
16 in the ectomorph, 28 in the mesomorph and 5 in the endomorph groups. High
speed x-ray motion pictures (60 exposures/second) were taken of these subjects
in the erect position. This enabled visualization of the continuous movements of
the diaphragm and chest wall during 2 minimum of two complete normal res-
piratory cycles. Tracings of the films projected to life size were made and the
following measurements obtained: (a) diaphragm excursion at the -costo-
diaphragmatic junction, the cardiae-diaphragmatic junction, and through a plane
midway between the two; (b) chest wall, internal movements, i.e., transverse
diameter at the costo-diaphragmatic junction. Correlations were made between
the body types and these measurements.

The average diaphragmatic movement in the ectomorph is 29 mm. on the left
and 27 mm. on the right; in the mesomorph 28 mm. on the left and 25 mm. on
the right and in the endomorph 24 mm. on the left and 25 mm. on the right.
The average movement irrespective of body type is 27 mm. on the left and 26 mm.
on the right. Diaphragmatic excursion during normal respiration was greater
in our series than that found by others. Constants for each body type were ob-
tained by dividing the average diaphragmatic movement by the average trans-
verse diameter and multiplied by the surface area within less than 3%.
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82. Development of the malleus and incus. Shafik F. RICHANY* and Theodore
1. BAST, Department of Anatomy, University of Wisconsin, and Barry J.
AXNSOX, Department of Anatomy, Northwestern University Medical Sehool.

Completing their study of the developmental and adult anatomy of_ the auditory
ossicles in man, the authors have traced the steps in the morphogenesis of the mal-
leus and ineus and have determined the nature and extent of struetural modifica-
tions in the long erus of the Iatter ossicle, which may continue throughout life.

Bone formation begins in the mallens at the 120-mm. stage and in the incus
nt 117 mm. (earlier, in both instances, than in the stapes).

Ossifiention spreads from a single center in each ossicle (at the junetion of
malleolnr head and manubrium, and in the area of continuity of inecudal body
and long crus). Envelopment by periosteal bone, with matching spread of sub-
jacent endochondral bone, is almost complete and adult dimensions attained at
the 222.mm, stage, that is, only 9 weeks after the beginning of ossifieation.

The mnnubrium belongs in a special category, since it ossifies endochondrally
without perichiondral bone, and may, throughout life, remain cartilaginous at its
tip. The nnterior process is likewise exceptional in that it develops independently
as n rod of membrane bone, finally fuses with the mallens at the 161-mm. stage.

Meckel’s cartilage undergoes deorganization (bepginning in the 161-mm. fetus),
its tissne piving rise to the anterior suspensory and sphenomandibular ligaments.

70, Large amounts of testostcrone propionale and the devclopment of sexunal
hehavior in the young male guinea pigt Walter RISS*, Department of
Anatomy, University of Kamnsas. (Introduced by William C. Young)

Differences in sexual hehavior appear to be determined in part by genetic fac-
tors (1. Comp. and Physiol. Psychol., 1954). New data supporting this hypothe-

sig are reported. The development of sexunl behavior was followed during the

first 17 weeks in males castrated within 2 davs after birth and injected daily

with 500 g testosterane propionate per 100 gm body weight, Seven were from
u hicterogeneous stock (under the conditions of this experiment, {requent copula-
tore) and 7 from a strain inbred by brother.sister mntings sinee 1006 (infre-
auent ropulatars). Performance was tested weekly with estrous females. Seven
sntrented Sntact males from each stock served as controls. Eaeh animal was iso-
Ited excopt for o lactating female during the first 25 days,

I deweending order the rate of development as determined by the first
monnts, intromiecions and cjnculations, and by the seore, was (1) tre:;tc«l hetero-
ftn!zw'\::& males, (2) intaet heterogeneops males, (3} treated inbred males {4
mtart Inbred males, 1t s coneluded that whereas Inrge quantitics of (ecmq’enmp
}“‘wi;ri;mn!:; aceclernted sexunl development, the amount of arceleration was ]%,;,.
::rrd ';'\";:1‘:::n:::;:\:‘i ”‘\i‘\\':t)x:fz\\r::t: <?}(‘m:~‘)-’ prosumed o .}m“‘i been influ-
o aris . phnsize however that the basie for differences

T Sirmte 1enet wholly genetie — contart with other animale i alsy involved
IValrretein, s program),
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117. Electron microscope observations on a replilian myoneural junction?t J.
David ROBERTSON¥, Department of Pathology and Oncology, University
of Kansas Medical School. (Introduced by Robert E. Stowell)

Preliminary electron microscope observations on a myoneural junction in the
chameleon (Anolis carolinensis) will be presented. In thin sections groups of
axoplasmie processes measuring about 1-3 microns in diameter are seen in a zome
of myofibril-free sarcoplasm just inside the very thin sarcolemma. The penetra-
tion of the sarcolemma by the processes will be deseribed. The intra-sarcoplasmie
axoplasm is surrounded by a complex membrane of the order of magnitude of
500-600 A thickness. The membrane consists of thin dense outer and inner layers
with a third distinet layer in between. The two outer layers of the membrane
form numerous evaginations into sarcoplasm which appear in cross sections as
spike-like projections measuring about 0.3-0.6 micron in length and under 0.1
micron in overall thickness. Mitochondria are seen in clusters in the axoplasm and
adjacent sarcoplasm. Small nerve fibers whose myelin sheaths exhibit an ap-
proximately 100 A repeat period are seen in adjacent regions outside the sarco-
lemma.

1 Supported by a grant from the National Institutes of Health.

75. Some data on the productivity of the seminiferous tubules of the ratr Ed-
ward C. ROOSEN-RUNGE, Department of Anatomy, University of Wash-
ington.

In whole mounts of seminiferous tubules stained with hemalum, germ cells and
Sertoli cells can easily be observed and counted. In 500 Sertoli cells in stage
5 (Leblond) an average of 8.85 spermatozoa were found per cell. Spermatogonia
and primary spermatocytes were counted in photographs from areas in stage
8. Tor each Sertoli cell, 2.70 spermatogonia and 2.36 spermatocytes were counted.
The actual numerical relationship between spermatogonia, primary spermatocytes
and spermatozoa is not the theoretical ome of 1:1:4, but 1:0.88:3.28. This
is also in marked contrast to Rolshoven’s findings (Amat. Anz. 91, 1941). It
was concluded that nearly 20% of potential sperm cells are normally deleted
during stages which comprise 2/3 of the total duration of rat spermatogenesis.
More than half of these are probably lost as primary spermatocytes. Degenerat-
ing cells can be demonstrated at certain stages in whole mounts.

From the data it is caleulated that 115,000 spermatozoa are produced by a
tubule of 1 cm length during one ‘‘spermatogenic wave.’’ Therefore, 4.35 meters
of tubule or more than 5% of the combined length of all tubules will produce
50 million spermatozoa, the average number in one ejaculate of the rat.

In whole mounts Sertoli cells appear as well defined cells and not as a syncytium.

1 Aided by a grant from the Biological and Medical Research Fund of the State of Waosh-
ington.
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108. The application of the scanning densitometer to the study of the human
cercbral corfex. Ralph ROSSEN* and Maria RYZEN™. Hastings State Hos-
pital, Minnesota. (Introduced by Robert Good)

The application of the secamning densitometer to the study of the cerebral cor-
tex is presented. The frontal lobes of three senile brains were examined. The
specimens were removed within three hours after death, treated with standard
histological procedure, and blocks of tissue were taken from various regions of
the frontal Jobe. Alternating scctions were stained with cresyl violet, gallocyanin
at pIl of 1.70, and Feulgen reagent.

The slides were scanned with a narrow rectangular beam of light which after
being transmitted through the cortical layers falls on a photocell producing a
current varying with the density of the tissue. The recording unit of the machine
records this current ns a continuous line and thus translates denmsity variations
to amplitude variations. One is able to obtain profiles representing the distribu-
tion of various components such as cells, fibers, nucleic acids, ete., in terms of the
cortical depth.

The applieation of the densitometer for the cell counts in the ecerebral cortex
js discussed. The Beer-Lambert Law is used for the caleulation of cell number
at anv point of the recorded curve.

The value of this machine for the study of the cytoarchitectonies is evaluated

in the light of the varicus difficultics as well as the amount of information which
such g study offers,

70. Further obscrvalions on histological evidence of osscous tissue resorptiont
Elbert B. RGTH, Department of Anatomy, The Johns ITopkins University.

Rasophilic amorphous areas are present in the compaeta of rat femurs where
resorption is effected in Q suckling young while maintained on Ca-free diet, but not
present in controls. These areas are designated incipient resorptions sites beeause of
intimate relation to resorption spaces and sequence of changes in histologrieal
traits, Traditionally such arcas are nassociated with substitution bones, and
named ‘Ceartilage reets,”’ The following additional cvidenece is offered in sup-
port of the ““incipient resorption’’ concept. (1) Nonexistence in middle third of
femoral cortex of rat 6 days old, but extensive distribution throughout cortex
2t 17 duys nccompanying evidence of internal cortieal reconstruction. (2) Exten-
fienr of theeo areas through appositional lamellae to subperiosteal surface of
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87. Does the M-nadi test locate cylochrome ozidase in leucocytes? Dwight L.
RYERSON, Department of Zoology, Pomona College.

It is becoming apparent from the work of Gomori (’53), Lillie and Burtner
(’53) and others, and repeated in part by the author, that the classical techniques
for the identification of the myeloid cells by the- oxidase (and peroxidase) reac-
tions do not locate or identify intracellular sites of enzymatic activity in dry
smears.

Work of Hoffman et al. (’51) was repeated with clear ewdence that only the
mitochondria (as identified with janus green) of living blood cells (including
nucleated erythrocytes of non-mammalian vertebrates) show a positive M-nadi
reaction; specific granules of living granulocytes are negative. It should be em-
phasized that air-dried cells of smears (either untreated, or subsequently exposed
to a variety of chemical agents, applied at buffered pH levels, and with various
times of exposure; and at temperatures between 50°C and 132°C both moist
and dry) do not give reactions which are commensurate with customary enzyme
(oxidase and peroxidase) reactions,

Therefore it is concluded that in living leucoeytes the M-nadi positive granules
(mitochondria) may show the presence and locations of an enzyme (presumably
cytochrome oxidase, demonstrable biochemically from macerated cell-suspensions) ;
but that the sites of action in fixed leucocytes do not correspond with those of
the living cells. In fixed granuloeytes the specific granules are positive; fixed
lymphoeytes are entirely negative while living lymphoeytes clearly show positive
janus-green and M-nadi reactions on their mitochondria.

61. Morphology of corpus striatum in small mammals. Maria RYZEN*, Mental
Health Research Laboratory, Hastmgs State Hospital, Minnesota. (Intro-
duced by O. Larsell)

The morphology of the corpus striatum in several species of the Insectivora
and Chiroptera was studied. Serial sections stained with cresyl violet, activated
copper protargol, and Golgi technic were examined. The corpus striatum shows
the classical subdivision into the paleo-, archi-, and neostriatum. Nucleus basalis
and globus pallidus comprise the paleostriatum and are in close association with
the scattered cells of the entopeduncular nucleus of the hypothalamus. The
archistriatum consists of a well differentiated amygdaloid nuclear complex. The
caudate nucleus and the putamen of the neostriatum are only weakly separated
by the diffuse fibers of the internal eapsule. Rostrally the caudate nucleus is
continuous with the nucleus acecumbens septi.

Camera lucida drawings demonstrate the cell types found in the Golgi prepara-
tions of the bhat. No fiber connections between the neostriatum and the cerebral
cortex were found. Only few cells located at the rostral boundary between the
putamen and the neocortex send their processes to the deep cortical strata. Fi-
ber connections between the neostriatum and the anterior and medial nuclei of
the dorsal thalamus are shown.

The interrelation between the volumes of the neostriatum, the anterior and me-
dial thalamie nuclei, and the frontal neocortex is discussed.
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148. Influence of cortisone on the mortality of z-irradiated adrcnalc?tomi::cd
micc George A. SANTISTEBAN”, Department of Anatomy, Medical Co}-
lege of Virginia, and J. Z. BOWERS*, Department of Radiobiology, Uni-
vcisity of Utah. (Introduced by Erling S. Hegre and Thomas F. Dough-
eriy)

The differences in mortality between x-irradiated adrenalectomized non hormone-
treated CBA mice and those given daily entraperitoneal injections of graded doses
of cortisone (.003, .05, .5, 1 mg/day) were compared by making standard sta-
tistical tests on final mortality, and on slopes of the cumulative mortality curves
as fitted by the method of least squares,

The final and cumulative mortality of mice adrenalectomized after receiving
630 1 total body x-irradiation was significantly greater than that of the intact
irradiated and adrenalectomized non-irradiated controls. Cortisone replacement
therapy failed to fully restore the radio-resistance of adrenalectomized animals.
However, statistienl analysis of the fitted curves diselosed that the hormone pro-
grossively decreased the slopes, increased the mean survival time and delayed
the death times (any per cent level) and day of mean death frequency as the
desage was inereased. These relationships were statistically significant.

Compurisons of the slopes of the mortality curves suggest that the increased
mortality in the experimental animals was associated primarily with an adrenal
cortienl insnfiicieney. The presence of the adrenal cortieal sceretions thus seems
to he essential for the resistance to x-irradiation injury. Cortisone, however, may

partially restore radio-resistance in the event of an adrenal cortical insufficiency
associated with x-irradiation.

! Bupparted by grante from the Atomic Energy Commiscion and the Committee on Growth
of The Natiounl Resrarch Conneil at the University of Utah,

54, Aetivation of the rabbit adenolhupophysis by intraventricular injections of

Mietamine} Charles I, SAWYER, Department of Anatomy, University of
California at Los Angeles and Long Beach Veteran’s Administration Hospital,

Reeent studies indicate that neurogenie control of the adenohypophysis involves
humearal medintors, Among naturally occurring agents, histamine has been found
in the hypothalamus and hypophysis, and injeeted histamine stimulates ACTIH
velease, The present investipation inquires whether histamine may also activate
ponmlatrophin refense, Ovolation in the estrogen-primed rabbit was the index
of pituitary activation, and clectroencephalographic records were taken during
!z«:x:n:v::t, While intravenous histamine failed to induce cither chanpes in the
f'!,'{’ er avalation, injection of rimilar total dosages (0.25-0.5 mg) into the
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histamine-evoked changes in the electrical activity of the brainstem. The re-
sults indieate that intraventricular histamine activates the adenohypophysis by
stimulating the hypothalamus rather than by serving as a final chemical media-
tor to the hypophysis.

1 Aided by ONR Contract NR 113-223.

165. Granular structures (‘‘inclusions’’) in human cerebral cortical Diopsies
from non-psychotic patients. Melvin SCHADEWALD, Ira J. JACKSON*®
and Marilyn BEAVERS*, Department of Physiology and Department of
Neurosurgery, University of Texas Medical Branch.

Previous reports by Papez, Papez and Bateman as well as from this labora-
tory, have indicated the abundant presence of unique granules in cortices and other
parts of brains of psychotic patients. Variation of methods of fixation, refixation,
mordanting, dehydrating, embedding, pre-staining treatment, and of differentia-
tion in 206 separate combinations have resulted in a uniform and reliable technic
for demonstration of these granules. A total of 22 neurosurgical biopsies from
non-psychotic patients demonstrates the ubiquitous distribution of these granules
in the cortex and their very probable pathognomonie insignificance for mental
illness. Analysis with 93 X objective and 15 X ocular demonstrates that the
intra-neuronal structures are skeins or branched units. The granules or rods pre-
viously deseribed are nodal acecumulations on these skeins or branches. Frag-
ments of the intra-neuronal structures appear as if they had been extruded
from the nerve cell eytoplasm to the interstitium. The granules arve smaller in
nerve cells, larger in the interstitium, and larger yet in the perivascular areas.
Comparison of these data on non-psychotic biopsies with previously reported re-
sults on psychotic biopsies from the cortex reveals no essential difference.

51. The mode of release of neurosecretory material in the posterior pituitary of
the dog Ernst SCHARRER and Rowen D. FRANDSON*, Departments of
Anatomy, University of Colorado School of Medicine and Colorado A. and M.
College School of Veterinary Medicine.

In the posterior pituitary, the quantity of hormone present is directly related
to the amount of stainable neurosecretory material. Thus, in dehydrated mam-
mals the demand for antidiuretic hormones reflects itself in depletion of the
neurosecretory substance; return to water balance is followed by its reaccumula-
tion in the nerve terminals which surround the blood vessels. The question
arises: how does the neurosecretory material enter the circulation? In order to
provoke acute release of neurosecretory substance, an antidiuretic and stressing
agent, nicotine tartrate, was injected subeutaneously into greyhounds (2 to 10 mg
per kg body weight in single or repeated doses 1 to 5 hours preceding death
by nembutal). The pituitaries were fixed in Zenker-formol and embedded in
paraffin. Sections (5 and 7 micra) were stained with Gomori’s chrome hema-
toxylin-phloxin. In one case, considerable amounts of neurosccretory material
were seen within the greatly dilated vessels of the neurohypophysis in whose tis-
sue hemorrhagic arcas abounded. Evidently the walls of the dilated vessels had
become permeable to formed particles, namely neurosecretory granules and red
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cells. This observation confirms corresponding findings of Hanstrdm (1952) in
the giraffe and Rothballer (1953) in the rat. It is probable, therefore, that
under normal conditions the neurosecretory substance also passes through the
walls of the vessels in granular form presumably to be dissolved in the blood.

1 (ANH contract No. Gonr-231-VIIIL,

164. A histological intestigation of anaphylactic reactions and contralateral re-
flex inflammation in the rabbit’s eye. John SCHMEDTJIE", Department of
Anatomy, St. Louis University School of Medicine. (Introduced by Ker-
mit Christensen)

1y nseptically introducing a soluble foreign protein into the vitreous of a rab-
bit’s cye, the tissue of that eye will be made hypersensitive to that protein. If
the same protein is given intravenously two weeks later, an acute aseptic in-
flammatory tissuc reaction occurs not only in the uveal tract of the injected
eye, but usually also in the contralateral eye.

This clective sensitization of the other eye cannot be explained satisfactorily
on a humoral basis, the sensitization dose of protein having been immobilized
in the vitreous of the inoeulated eve. The aim of this investigation has been to
determine whether the inflammatory process in one eye can cause a reflex in-
flammatory response in the other eye through neural pathways invelving non-
visual afferent fibers from the first eye and sympathetic fibers to the blood ves-
sels of the gecond cye.

To do this sympathetic anaphylactic reactions were studied in normal control
rabbits. Cervieal sympathectomies were carried out in the experimental group.
To date, contralateral flare-ups have not oceurred in the sympathectomized
abhits,

These results sugpest that the unexplained clinieal entities of bilateral second-
ary nnaphylactic iridocyelitis, sympathetic anaphylactic iridocyelitis and sympa-
thetie (well named) ophthalmia may be due to sympathetic nerve impulses, and
if 0, could possibly be avoided by appropriate drug therapy.

M4, Effcets of ACTH on pregnant mankeys and their offspring. 1da G.

BCHMIDT and Richard G. TOFFMAN, Department of Anatomy, College

of Medicine, University of Cincinnati, and the Christ Hospital Institute of
Medieal Researeh,

Seven pregnant rheses monkeys were treated with o0 mg. doses of ACTH
FIRI I ., - - M H s
dnly during the last 17 to 67 days of their pestation periods, one non-pregmant
Foovnint ., Teeile 0 g * ‘ .
demie wne similarly treated for 132 days, and ten untreated pregnant monkevs
AN e H n ) L
Pord o me eontrels. Thic treatment produced a marked reduetion in cireulating
* ~
flehends

eositinnlite Lt kad ne effeet on the numbers or didribution of other formed
R
! ooy the Tratioee N Sereer ey s .
st on the eonerntration of sndivm and potnecium in serum, or the levels

I plovess dn whiols Bland,

e o Y ., S E T gy e

Tin P e Ve pregnant Areated mondheys aborted, the other four pursued

Tt ntfal peniree s nyy 1 £ 1 ors
craful eenee snd gnee Yirth e sppoarentiy heahhs offspring. AN mothers

v oturre eeerifies] within 04 bs e

e Tegvw ¥ Yol
Roust nlter partarition,  Maternal spleens




352 AMERICAN ASSOCIATION OF ANATOMISTS

and lymph nodes showed characteristic suppression of activity. These same or-
gans were unaffected in the fetuses but fetal thymus glands showed -cortical
atrophy.

Maternal adrenals responded typically to ACTH by hypertrophy of fascicular cells
and loss of vacuolation in their cytoplasm. Fetal adrenals, on the contrary, were
very small, with enlarged glomerular zones and atrophie fascicular zones — changes
similar to those produced in adult adrenals by cortisone, This suggested that
excessive amounts of cortical steroids from the enlarged maternal adrenals passed
into the fetal circulation and inhibited activity of the fetal adrenals.

69. Regulation of blood flow through the stomach of the rat. Harold N. SCHNITZ-
LEIN*? and Calvin A. RICHINS, Department of Anatomy, St. Louls Uni-
versity School of Medicine.

The macroscopic blood supply of the rat’s stomach is similar to that of man.
The blood vessels are innervated by a nerve plexus lying at the myo-adventitial
junction. This varies in extent directly with the amount of muscle in the vessel.

A modification of Persson’s (’52) freezing dehydration technique was employed
for study of blood flow. The abdominal contents were frozen in sitw with liquid
nitrogen. Tissue was removed and dehydrated with alcohol at —40°C. Sections
were stained with hematoxylin and eosin or with the Holmes’ silver technique
for peripheral nerves. Rapid freezing of the tissue inhibited agonal spasm and
made possible relatively direct observation of the physiological vascular conditions.

Intravenous injections of ergotoxine or pilocarpine and subdiaphragmatic vagal
stimulation tended to cause engorgement of the capillary beds in the gastric
muecosa. Sympathetic stimulation resulted in ecapillary ischemia. The activity of
the submucosal arterioles was greatly affected by the experiments and secmed
to indicate that gastric blood flow is regulated primarily by changes in these
vessels. Direct application of acetylcholine to the gastric musculature caused
blanching of the musculature and mucosal ischemia. The contraction of the
stomach musculature, therefore, may also be an important factor in regulation
of blood flow.

1 Public Health Service Fellow.

101. Some effects of histidine deficiency in the rat.* Earl B, SCOTT, Department
of Anatomy, School of Medicine, University of South Daketa.

Young male rats were pair-fed a purified diet composed of sucrose, fat, salts,
vitamins and ecrystalline amino acids. The experimental diet omitted the amino
acid under investigation.

The total lack of histidine resulted in severe atrophy of the testes and accessory
sex glands. The non-functional state of the testicular interstitial cells was evi-
denced by the atrophic condition of the prostate and seminal vesicles.

The thymus glands of the deficient rats were not demonstrable grossly. The
thyroids were smaller than normal but histologically unaltered. The adrenals
were smaller than normal and compression of the zona glomerulosa was apparent.

The pituitaries were reduced in size with extensive alteration of the chromophilic
cells of the anterior lobe. The acidophils were reduced in size but their number
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and distribution compared favorably with the normal. The Gomori basic fuchsin-
paraldehyde stain was used to study the thyrotrophic basophils. Thesel cells were
not altered in size, number or distribution. The periodie acid-Schiff (PAS)
reaction was used to study the gonadetrophie basophils. By this method it was
observed that these cells were greatly reduced in number to the point of their
being completely absent,

t Supported by o grant from the U. S. Public Heslth Service.

162. Cytochemical observations in the prostate gland of the dog.! Arlene SEA-
MAN®, Department of Anatomy, State University of New York, College of
Medicine at New York City.  (Introduced by James B. Hamilton)

This investigation deals with the cytochemical loealization, identifieation, and
probable metabolic significance of histochemically demonstrable lipid, polysac-
charide, and protein components of normal dog prostate gland throughout its
sreretory activity, Results show that the prostatic secretion is a lipoprotein poly-
eaccharide complex.

The lipids of the acinar epithelium are predominantly neutral fat, which is
secreted into the lumen. Phospholipids, ester phosphatides, cholesterol and its
esters also oceur in the acinar epithelium, Evidence indicates that most of the
phospholipids were nssoeiated with mitochondria. The acid-hacmatein procedure
{Baker, "0) followed by pyridine extraction and further corollary evidence shows
the presence of ester phosphatides, probably lecithin located in the acinar cyto-
plasm, No lecithin was demonstrated in the aecinar lomen. Birefringent lipids,
possibly neutral fats, cholesterol and itz esters were loeated in both epithelium
and stroma,

The total PAR reactive material in the acinar cells was found to be due to thc
oxidation of the 1.2 glyeol group polysaccharides. A part of the PAS positive
materinl was demonstrated to he acid mueo-polysaccharides by the lalvsed iron
method {(Hale, 746; Rinclart, *30). Interference in the PAS reaction also sug-
freetx the pre<ence of unsaturated lipids in the phosphatide class. The basophilia
and metachromasin of the secretion antecedents and products will be diseussed.

The following positives protein tests were obtained: Millon, sulphydryl, xantho-
protede,

P Thin vork was done in the Department of Anatomy, Emory University, Georgin,

- r L. . .

S Tle vumbrer of occipital searients in Luman cmbruos, 1. Carl SENSENIG,
eelies ", N v - . .
Medieal Collegr and Schiool of Dentistry, University of Alabama,
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3 segments. On the material studied it is evident that there are definitely more
than 3 segments involved and at least 4 segments are incorporated into the human
oceipital bone. The contribution of 5 segments cannot be determined but there
is some indication of the existence of an additional one on the basis of the number
of nerve rootlets. This questionable segment would be the most rostral of the
oceipital segments and represents de Beer’s 5th head segment or the second metotic
somite. Thus there may be some support for de Beer’s and Reiter’s view that
5 segments are involved in the occipital bone. The existence of this most rostral
segment cannot be proved by the descriptive approach but requires experimental
evidence,

46. Reticular fiber changes in the human pituitary in the different age groups.
William M. SHANKLIN and Carmine D’ANGELO¥*, Department of His-
tology, American Unijversity of Beirut Medieal School, Department of An-
atomy, Medical College of Virginia, and Ospedale Psichiatrico Provinciale
di Roma.

This study is based on a series of 100 human pituitaries varying in age from
the mewborn to 96 years. Paraffin sections are stained by hematoxylin-eosin,
Masson trichrome, and frozen sections by a Hortega silver impregnation method.
In the anterior lobe of the newborn there are already numerous thin reticular
fibers. These fibers become more numerous and thicker with inerease in age. In
the neurohypophysis of the newborn reticular fibers are very sparse and are
limited to the walls of the few large blood vessels present. By the twentieth
year some reticular fibers extend from the blood vessels into the surrounding area.
By the fortieth year there is a considerable increase in these fibers, with some
fibers spreading out from the main fiber bundles. This process continues and in
the older age groups the original bundles of reticular fibers have mostly dis-
appeared, leaving behind a meshwork of widely seattered reticular fibers. At the
periphery of the neurohypophysis reticular fibers are continuous with the col-
lagenous fibers of the capsule.

142. Some relationships of adrenals, gonads, and thyroid to lymphatic tissues
and to blood and thoracic duct leucocytes. Marvin M. SHREWSBURY, Jr.*
and William O. REINHARDT, Department of Anatomy, University of
California (Berkeley).

The effects of adrenalectomy, gonadectomy, thyroidectomy, and treatment with
thyroxin, separately and combined, were compared in terms of alterations in weights
of thymus and lymph nodes, blood and thoracic duct leucocyte counts, and thoracic
duct lymph flow in male rats. Gonadectomy resulted in a marked inerease in
the weight of the thymus, but had slight effect on the weights of lymph nodes.
Adrenalectomy resulted in marked increase in weight of all these tissues. Thyroxin
administration was demonstrated to exert a hyperplastic effect on lymph nodes,
this effect being accentuated by adrenalectomy, whereas thyroxin administration
had no effect on the weight of the thymus in the intact animal. Removal of the
thyroid prevented the inereases in weight of the thymus and lymph nodes noted
after castration and/or adrenalectomy. Thyroxin administration markedly in-
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creased the volume of thoracic duct lymph flow when combined with removal of
the adrenals and gonads. Changes in the weights of the Iymphatic tissues were
not necessarily directly related to alterations in numbers of blood or thoracic
duct leucoeytes. The cosinophilic leucocytosis consequent on removal of the
adrenal glands was significantly augmented by removal of the gonads and thyroid.
The observed findings are discussed in terms of the relative influence of the
various endocrine glands on mass of lymphatic tissues and numbers of circulating
leucocytes.

62, An czperimental investigation of the strio-nigral relationships in the cat brain,
Donald T. SMITI*, Department of Anatomy, University of Oregon Medical
Sehool.  (Introduced by William A. Stotler)

The polarity of fiber conuncetions between the corpus strintum and substantia
nigra has heen investigated in the eat by destruction of nuclear components and
study of resulting degeneration. In a series of cats, lesions were made in the
caudate nucleus, putamen, globus pallidus, mesencephalic tegmentum, and frontal
cartex, After survival from 10 to 21 days, the animals were saerificed and sections
prepared by the intensified protargol and carbothionine techniques.

Caundate lesions produce an extensive primary degeneration of the striofugal
fibers passing ventrolaterally through the internal capsule. This degeneration
passes into the globug pallidus and entopeduncular nucleus and shows an almost
complete destruction of the afferent fibers to these nuclei. The degeneration then
passes to the medinl portion of the rostral cerebral peduncle, and at suecessive
Irvels extends dorsad into the reticulata and compacta of the substantia nigra.
No degencration extends eaundal to the limits of the nigra.

Lesions of the putamen result in loss of afferent fibers to the pallidum, par-
tieularly its lateral portion, and the substantia nigra. Degeneration of nigral
afferent following strintal lesions was accompanied by extensive gliosis in the
nigra. Lecions of the pallidum produced degeneration of nigral afferents, pre-
sumably by interruption of the striatal outflow,

Exuminotion of Nissl preparations of the cells of the substantia nigra shows

iy minimal eytologieal changes resulting from either striatal or lateral teg-
mental lesions, -

On taceular patterns in red and white museeles. R, Dale SMITH and Rubort
P. GIOVACCHINTY. Department of Anatomy, The Creighton University,
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In the cleared specimens it was observed that the the white thigh muscles
generally received two or three small arteries which, after entering the muscle,
branched profusely to end finally in capillaries running parallel to the fibers;
In the red thigh muscles the supply came from arteries which, before entering
the muscle, branched frequently so that these muscles had a larger number of
small branches entering them, for example, the semitendinosus has 8~14 branches
entering it. The distribution of these vessels affer entering the muscle appears
to be similar to that of the white muscles. These cleared specimens also revealed
areas in which the ink did not get into all of the smaller vessels and hence along
the length of the muscle there appears to be regular alternation of open and
closed vessels. Since these unopened vessels are directed at right angles to the
fibers, any given fasciculus would have areas of injected vessels-alternating with
uninjected areas.

The ratio between the number of fibers and the number of ecapillaries was
studied in sections. Areag in which all of the capillaries appeared to be filled were
selected for counting in these sections. It appears that the red muscles have
about three times as many capillaries per musele fiber as do the white museles.

95. Cytoplasmic inclusions and neurosecretion in paravertebral sympathetic gang-
lionic neurons of wertebrates; a survey.! Stuart W. SMITH, Department
of Anatomy, University of Colorado.

Cytoplasmic inclusions in sympathetic neurons first reported by Marinesco
(1904) and interpreted by Gaupp (1939) and others to be mneurosecretory have
previously been thought rare. Regular oceurrence of large, spheroidal, fluid drop-
lets of medium density and refraetility in perikarya and their ‘‘discharge’’ into
axons of sympathetic neurons in Bufo marinus (Smith, 1952) led to examination
of sympathetic gang