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I. INTRODUCTION.
This study is a continuation of the preliminary work by

Ottenberg and Gies who found in this laboratory that crude

elastose, after its subcutaneous or intraperitoneal injection,

can readily be detected in the urine by the heat precipitation

test. Since the Bence Jones protein has various properties in

common with elastoses, Ottenberg and Gies suggested that

osseoalbumoid (bone elastin?) might be the forerunner of the

Bence Jones protein, which appears in the urine of people
with multiple myeloma of the bones.

It was thought that perhaps the osseoalbumoid of the bone

might be so acted upon by the enzymes present in the cells

of the myelomatous growth, as to give rise to a body having
the properties of the Bence Jones protein.

II. HISTORICAL.

It was the writer's intention before beginning his study of

the literature of the Bence Jones protein and multiple myel-

oma, to make a list of all the known cases of myeloma and

Bence Jones albuminuria, with the characteristics of each,

but this was found to have been done by Anders and Bos-

ton, who record cases up to 1903 and give a report of three

new cases; by Weber, who records 28 cases up to 1904 and

gives the history of ten more cases; by Moffat, who records 39

cases up to 1905; and by Permin, who records 40 cases up
to 1907. Decastello in a recent paper gives a description of

two more cases and an analysis of the previously recorded

cases.

In 1847 Bence Jones presented before the Royal Society of

London, a paper
" On a New Substance Occurring in the Urine

of a Patient with ' Mollities Ossium,'
"

in which he described,

for the first time, the substance since known as the Bence

Jones protein. In the Philosophical Transactions of the

Royal Society (1848, i, p. 55) he described several properties
of this body, and gave his results of a study of it in his case of

Mollities Ossium. The Bence Jones protein was rediscovered
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and described by Kiihne in 1869. It has since been the subject

of many investigations, especially by Matthes, Bllinger,

Magnus-Levy, Jochman and Schumm, Bradshaw, Park,

Moffat, Simon, and others.

Ellinger succeeded in obtaining the Bence Jones protein

in small amounts from diseased bone marrow and ascitic

fluid. Virchow found it in the bone marrow in cases of os-

teomalacia, so called. Barr could not find in the bone marrow
or bone tumor substance, any trace of the Bence Jones protein

or of enzymes. Wood claims to have separated the Bence

Jones protein from a portion of bone affected by multiple myel-

oma, but could not obtain it from the bone marrow in any
other portion of the body of the patient. Askanazy was able

to demonstrate its presence in the bone marrow of a case of

multiple myeloma but was unable to find it in the blood from

this patient. Lowy could not detect a trace of the Bence

Jones protein in the marrow of the affected ribs and humerus

of Kalischer's case. Weber, however, was able to prove the

presence of a substance giving reactions similar to those

of the Bence Jones protein, in the vertebrae and ends of the

femur in a case of multiple myeloma, but he could not detect

this substance in any organ or tissue. Bruce, Lund, and

Whitcomb found, in a case of multiple myeloma, that the

fluid obtained from an affected bone, after sawing through

it, gave the reactions of the Bence Jones protein. Ribbinik

could not find the Bence Jones protein in the bone marrow

substance of the case studied by him. Fleischer, however, has

found a substance giving the reactions of the Bence Jones

protein in normal bone marrow.

Bradshaw and Warrington, in an analysis of a rib affected

with multiple myeloma, found the relation of organic and in-

organic substances to be practically normal. Magnus-Levy
and also Grutternick and deGraaf have succeeded in obtaining

the Bence Jones protein in crystalline form.

Moitessier on subjecting the Bence Jones protein to gastric

digestion obtained acidalbumin, primary proteoses (except

heteroproteose), secondary proteoses and peptone. After

peptic digestion of the Bence Jones protein, Simon could not



detect primary proteoses, among the products formed, but

found deuteroproteose "B" (Pick) and peptone "A" (Pick).

Magnus-Levy published results of a study of the digestive prod-
ucts of the Bence Jones protein, its reactions and content of

amid, diamino and monamino nitrogen. Huppert records results

of various elementary analyses that have been made of the

Bence Jones protein. Abderhalden and Rostoski made an

analysis of the Bence Jones protein with regard to its content of

the amounts of the various amino acids. Reach gives the

results of an analysis of the Bence Jones protein in terms of

its nitrogen partition.

Zuelzer obtained the Bence Jones protein in the urine of

dogs poisoned with pyrodin (monoacetyl-phenylhydrazine),
a strong hemolytic agent. Stokvis found the Bence Jones

protein in the urine of dogs after its intravenous or rectal

injection. Matthes also found it in the urine of a dog after

the subcutaneous injection of the Bence Jones protein. EHinger
introduced 5 grams of the Bence Jones protein intravenously
in a dog but the urine yielded no precipitate with (NH4) 2SO4 ,

although the filtrate gave a strong biuret reaction suggestive
of peptone (Kuhne), which may have been derived from the

injected material.

Allard and Weber found that the Roentgen ray treatment

of the bone tumor had no effect on the urinary output of the

Bence Jones protein. Voit and Salvendi report a case in

which diet modified the elimination of the Bence Jones pro-

tein, but Weber found that changes of diet had no influence

on its elimination in his case of multiple myeloma.
Ribbinik and Askanazy could not find the Bence Jones

protein in the blood of a patient with multiple myeloma.
Coriat found the Bence Jones protein in a pleural effusion in

a patient suffering from multiple neuritis associated with

extreme tenderness of the ribs, while it was absent from the

urine. He found that on tryptic digestion it went into com-

plete solution.

In a case of Weber's, microscopic section of some of the or-

gans showed the presence of a homogeneous hyaline substance

which he thought might possibly be the Bence Jones protein.
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Rostoski found that the method of "precipitin" detection

fails to distinguish the Bence Jones protein from various pro-
teins of human origin.

III. PROTEOSURIA AND THE BENCE JONES
PROTEIN.

Proteoses have been found in the urine in many conditions,

usually in minute quantities and as temporary constituents

of the urine during the course of specific fevers, inflammatory

processes and other diseases. The urinary proteoses present
different characteristics from those of the Bence Jones protein,

however, and must be sharply distinguished from the latter.

Among the most prominent of these differences between the

Bence Jones protein and the ordinary proteoses, the following

may be indicated in terms of the Bence Jones protein:

1. Soluble in water (different from heteroproteose).

2. Coagulated at low temperatures (unlike other proteoses

collectively), though elastoses are precipitated by heating their

aqueous solutions but redissolve as the temperature falls.

3. Convertible into acid and alkali albuminates (unlike other

proteoses collectively).

4. Digested by pepsin-HCl, yields primary proteoses except

heteroproteose (unlike protoproteose).

5. Not acted upon by erepsin (different from the primary

proteoses).

6. Excreted in larger quantities than the proteoses.

7. Does not dialyze through parchment membrane (different

from all soluble proteoses).

8. Not precipitated from a saline solution on dialysis (dif-

ferent from many proteoses) .

9. It is crystallizable (different from all proteoses).

IV. THEORIES AS TO THE FORMATION OR NATURE
OF THE BENCE JONES PROTEIN.

Kuhne believed the Bence Jones protein to be closely re-

lated to heteroproteose on account of the fact that the pure

substance, after its precipitation from its solution by heating,

is redissolved on further raising the temperature. Huppert
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also thinks the protein is a heteroproteose. Dechaunne con-

siders it to be a mixture of at least three proteins or groups
of proteins, probably proto and dysproteoses and a substance

like heteroproteoses. Neumeister showed that the Bence

Jones protein is not heteroproteose and did not believe that

there was any relation between digestion and the presence

of this substance in the urine. He thought, rather, that

it is a substance of a peculiar kind and quite unlike any other

that had hitherto been described. Matthes was of the same

opinion as Neumeister.

Simon thinks the Bence Jones protein is formed from the

serum globulins, perhaps by an enzymotic action of the tumor

cells, and that once formed it is rapidly excreted by the kidney
as are all foreign proteins. Kuhne and Chittenden found that,

on the basis of elementary composition, the Bence Jones

protein resembled heteroglobulose and they also suggest that

it may arise from serum globulin. Coriat also thinks it might
be formed from serum globulin. He supposes it is formed by
the digestive action of leucocytes or bacteria, or more par-

ticularly, from the enzymotic action of plasma cells of the bone

marrow. Donetti believes that it results from some loss of

function of the bone marrow, owing to the destruction of the

latter.

Weber and Hutchison concluded that the Bence Jones

protein is formed from granules found in the myelomatous
cells. Virchow believed the substance resulted from degenera-
tive changes in protein occurring in sarcomata. Weber also

thinks it may be due to an abnormal metabolic or degenerative

process in the myelocytes, or in the tumor cells derived from

the myelocytes or their predecessors. Von Rustizky likewise

considered that the substance is produced in connection with

the new bone growth. Moitessier believed it is formed by a

modification of the albumoids of the blood plasma brought
about by the new growth. In a recent paper Weber and

Leginham, on account of the histological evidence in the

case of multiple myeloma studied by them, think that the

cytoplasmic residua of karyolyzed plasma cells may be the

source of the Bence Jones protein.
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Senator and Noel-Paton incline to the view that the Bence

Jones protein represents an abnormal product of the metab-

olism of the protein of the food. Magnus-Levy also thinks

it is formed from the food proteins as a result of altered pro-

tein metabolism, because as much as 3070 grams of the sub-

stance per day may be excreted whereas the total amount
of protein in all the tumor tissue seldom exceeds, or indeed,

equals this quantity, and he considers it impossible that so

little tumor tissue can form so much urinary protein.

Lindeman believes that, while the Bence Jones protein
cannot be put in any group of proteins, it is nearest in struc-

ture to the true albumins. Abderhalden states that, judging
from the yield of amino acids from the Bence Jones protein, the

latter does not correspond to either of the two serum proteins,

but may be considered as one of the tissue albumins, which

without being broken down or changed into one of the serum

albumins, is transmitted to the blood and is then probably
eliminated as an albumin foreign to the blood although suited

to the needs of the body.
There is also the possibility that multiple myeloma might

be due to a specific bacillus, which by the action of its toxins

so alters the normal changes occurring in bone marrow as to

form this substance from the tissue protein. This idea is

strengthened by the analogy Weber has drawn between the

characteristics of multiple myeloma and mycosis fungoides,

which is thought by some to belong to the group of infective

granulomata. Another idea that might be held as to its mode
of formation is the following: Possibly the columnar epithe-

lium that lines the alimentary canal is diseased, the agent
that converts the digestive products may therefore fail to

functionate and, in consequence, the incompletely synthesized

products are taken into the blood stream and then eliminated

as matter foreign to it. This does not seem probable on account

of the fact that in cholera, when marked changes are present
in the columnar epithelium, the Bence Jones protein is not

excreted, although, of course, in cholera the said changes

may be insufficient in kind or degree to produce the

result.
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V. THE BENCH JONES PROTEIN AND MULTIPLE
MYELOMA, MYELOPATHIC PROTEOSURIA (KAH-

LER'S DISEASE).
In 1889 Kahler and Huppert reported a case of multiple

myeloma from clinical and chemical standpoints, respectively,

and in 1897 Bozzola reported a case under the title of "Sulla

Malattia di Kahler" thus recognizing Kahler as the first to

show the relationship between proteosuria and primary bone

disease. These lesions, however, were classified in 1873 as

myeloma by Von Rustizky.

Careful study of cases where the Bence Jones protein was

excreted shows that there must certainly be some relation

between the excretion of the Bence Jones protein and dis-

eased conditions of the bones of the patient. Although we

cannot say that the Bence Jones protein is peculiar to the

growth known as multiple myeloma,
1

it is certain that the

Bence Jones protein is present in the urine in 80 per cent,

of the cases exhibiting this condition. In cases of excretion

of the Bence Jones protein unaccompanied b'y multiple mye-

loma, disease of the blood-forming organs or of bone was

present.

Weinberger found the Bence Jones protein in the urine

from a case of chloroma; Vidal in a case of tuberculous osteo-

arthritis; Kahler in primary lympho-sarcoma of the spinal

cord; Oerum in a case where the bone tumors were multiple

metastases of a gastric carcinoma; Kottnitz and Von Noorden

in cases of leukaemia. The case of osteomalacia, reported

by Jochman and Schumm, was subsequently shown to be one

of multiple myeloma, and that of Askanazy reported as one

of lymphatic leukaemia was undoubtedly one of multiple

myeloma. However, Von Jaksch and also Fitz have shown
that proteosuria (so-called) may be a marked feature of myx-

1 Various names applied to multiple myeloma: Myeloma multiplex

(Rustizky), sarcoma multiplex ossium (Buch), pseudoleucaemia myelo-

genes (Runeberg), osteomyelitis maligna (Grawitz), ostitis sarcomatosa

(Hammer), endothelioma intravascular (Marckwald), lymphosarcoma
multiplex ossium (Wieland), myelosarcoma (Schmaus), lymphadenia
ossium (Nothnagel), erythroblastoma (Ribbert), plasmoma malignum
(Hoffman).
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edema. Collins reported a case of undoubted multiple

myeloma that was observed for several months and in which

there was no excretion of the Bence Jones protein. Naunyn
reported a case in which the whole skeleton was riddled with

metastatic carcinomatous growths and the urine examined
for the Bence Jones protein for some time, but it was never

present. Scheele and Herxheimer reported a case of multiple

myeloma with no Bence Jones protein in the urine.

The above-mentioned case of Naunyn's may be explained

according to Weber as follows: the tumor cells derived from

bone marrow cells, however much they may resemble morpho-

logically true bone marrow cells, are more prone to abnormality

(including unusual degenerative changes) than real myelocytes.

Furthermore, metastatic tumors in the bone marrow do not

give rise to the Bence Jones protein for the reason that non-

myelogenic tumor cells are not affected in the same way.
The view of Decastello that the Bence Jones protein is only

excreted in those cases where the kidneys are diseased, is

hard to reconcile with the statement of others that the serum

proteins are never, and of some investigators that they are

seldom, excreted together with the Bence Jones protein.

One would think that if the kidneys are diseased, albuminuria

would occur in a larger proportion of cases. The Bence Jones

protein is excreted in 80 per cent, of the cases of multiple

myeloma, but it does not appear likely that so many would

present kidney lesions. It seems more likely that the kidney
lesion is a result of the excretion of the Bence Jones protein

rather than the cause of its elimination, especially since Stokvis

has shown that hemiproteose solution injected under the

skin once or twice, will pass out through the kidneys without

doing them any apparent injury, but if the injections are

frequently repeated, the hemiproteose in passing through
the kidneys appears to excite in them organic disease.

VI. EXPERIMENTAL.
At the outset of this study it was necessary to ascertain

whether osseoalbumoid is digestible, i. -e., whether proteases
convert it into familiar types of hydration products. Further,
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It was necessary to determine whether any osseoalbumoses

that might thus be produced would behave like elastoses when
their aqueous solutions are heated. In all of these experiments
the osseoalbumoid employed was made by the Hawk and Gies

method. 1

A. ON THE PREPARATION OF DIGESTIVE PRODUCTS OF OS-

SEOALBUMOID. J. Tryptic Digestion, a. A small quantity
of osseoalbumoid, which had been made in a preliminary way,

2

was subjected to the action of a strong, alkaline tryptic solution

for 24 hours at 40 C. The true osseoalbumoid in the prepara-
tion was completely digested ,by that time. Proteoses were

formed. A small amount of admixed collagen remained un-

digested. The whole of this collaginous residue was readily

converted into gelatin.

b. After 5 hours' digestion of fresh osseoalbumoid 3 in 80 cc.

of 0.25 per cent. N^COg, containing 0.5 gram of trypsin

(Merck), the mixture was filtered and the filtrate saturated

with (NH4) 2SO4 at the boiling temperature. During the

digestive process samples of the solution were withdrawn
at intervals of 45 minutes and when examined gave negative
results in the heat-precipitation test.

The (NH4) 2SO4 ppt. was dissolved in water, dialyzed until

free from sulphate and evaporated to dryness at 40 C. on a

water bath. The residue after 5 hours' digestion was sub-

jected to the action of a fresh trypsin solution and allowed

to digest for 18 hours longer, then treated by the process de-

scribed above.

c. A sample of the original ossein shavings was subjected
to the influence of a very active tryptic solution but the shav-

ings were unaffected. The filtrate from the unchanged bone

shavings was tested with fibrin as to its digestive power and
found to be active. A repetition of this experiment yielded
the same negative result.

1 Hawk and Gies: American Journal of Physiology, 1902, vii, p. 340;

also, Gies and collaborators: Biochemical Researches, 1903, i, p. 181 (Re-

print No. 6).

2 From ossein shavings prepared in 1900 and kept dry meanwhile.
3 Made from a portion of the same ossein shavings (a).
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2. Peptic Digestion, a. A small quantity of osseoalbumoid

was treated with i liter of 0.2 per cent. HC1 containing o.i per
cent, of pepsin (P. D. & Co. i : 2000) in an incubator at 40 C.

Portions of the digestive fluid were withdrawn at intervals

and heated gradually to boiling. Digestion was started at

2.30 P.M. The following notes were recorded in connection,

especially, with the treatment of filtered portions of the diges-

tive fluid:

3 . oo P.M. No precipitate on heat ng.

3-30
4.00
4.20
4-30
4-45
5.00
5-20
5-30

Material gradually disap-

pearing. Pepsin added,

0.25 gram.

Some undigested material

still present.
Small amount of material

undigested.
i

The undigested material was filtered off and the boiling

filtrate nearly saturated with (NH4) 2SO4 . Proteoses were

separated as a dark scum on the surface of the solution. The

precipitate dissolved readily in warm water. This solution

was not precipitated by heat, even after dilution. The solu-

tion was speedily evaporated to dryness at 40 C. and in the

dry state looked like scale gelatin.

The incompletely saturated filtrate from the proteoses was

treated with sufficient (NH4) 2SO4 to effect complete saturation

and a small amount of a dark sticky material was precipitated,

which dissolved readily in warm water but gave no turbidity

on heating.

a'. In the preparation of osseoalbumoid the last portions of

admixed collagen are difficult to remove. In the peptic di-

gestion of osseoalbumoid admixed with collagen, the latter is

gelatinized and then converted into gelatoses and gelatin

peptones. It was thought that possibly such gelatin or its

hydration products might have been admixed with the os-

seoalbumoses obtained in the preceding experiments and that,

by its presence, might have prevented the occurrence of the

elastose-like reaction on heating. Consequently a portion
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of the osseoalbumoid employed in the preceding digestion

experiment was treated from time to time with boiling water

until no more collagen or gelatin could be present, as indicated

by practically complete absence of protein from the washings.

The small quantity of osseoalbumoid that remained was

filtered off, washed with water and subjected to peptic diges-

tion in 1/2 liter of 0.2 per cent. HC1 containing 0.25 gram of

pepsin (P. D. & Co. i : 4000) and placed in an incubator at

40 C. at 2.25 P.M.

2.35. No precipitate appeared on heating a filtered sample
of the digestive fluid.

2.50. A precipitate was obtained on heating, which almost

completely dissolved on further heating. It reappeared on

cooling and was as marked a precipitate as that obtained on

the first application of heat.

The remainder of the peptic mixture, after digesting for 2

hours and 10 minutes, was filtered and the hot filtrate treated

with (NH4) 2SO4 . A flaky precipitate was produced before the

solution was completely saturated with (NH4) 2SO4 and at a

temperature of about 65 C. Most of the precipitate was

soluble in water.

The small amount of undigested matter which was ob-

tained after filtering was further digested. To the filtrate,

after the digestion of this product for 3 hours, was added

(NH4) 2SO4 to saturation.

The substance precipitated by (NH 4) 2SO 4 had the following

properties :

(1) The reaction of its solution was acid (HC1).

(2) On heating this solution a precipitate was produced
which dissolved on further heating and, on cooling, reap-

peared. Heated again, the same reactions were obtained,

but after a third heating of this solution, the precipitate did not

entirely disappear on boiling.

(3) Duplication with another sample of the treatment

just described (2) led to immediate precipitation on heating
but boiling did not entirely clarify. On cooling, however,
the precipitate was more marked than before.



18

(4) A portion of the solution was neutralized. Heating
failed to produce a precipitate in it.

(5) The same negative result (4) was obtained with the

alkalized solution.

(6) After diluting the original solution, no precipitate was
formed on heating.

(7) A bulky white flocculent precipitate was formed when
the solution was added to alcohol (sulphates?). A solution

of this precipitate gave no precipitate on heating.

The elastose-like precipitation that ensued on heating the

acid solution (2, 3) led to the conclusion that possibly the

result was due to a constituent of the pepsin. Accordingly,
a solution was made of pepsin in 0.2 per cent. HC1 and,

on heating, a faint clouding of the solution took place, but

without further change on boiling or on subsequent cooling.

Saturation of this peptic solution with (NH4) 2SO4 failed to

yield an appreciable precipitate.

b. Pure osseoalbumoid was treated with i liter of 0.2 per
cent. HC1 containing 0.5 gram of pepsin (P. D. & Co. i : 4000)
and placed in an incubator at 35 C. at 11.05 A -M -

11.45 Most of the material had disappeared into solution.

Some of the liquid was withdrawn and, on adding (NH4) 2SO 4

with very little heating, a dark substance was precipitated,

which proved to be insoluble in water, and was returned to

the digestive mixture.

12.00 About 15 cc. of the fluid were withdrawn, filtered,

and the filtrate saturated with (NH4) 2SO4
in the cold. A

white flaky material was precipitated, which was readily soluble

in water, but on heating this solution no precipitate was
formed.

A sample of the pure pepsin-acid solution, which was used

in the foregoing experiment, was saturated with (NH4) 2SO4 .

A very slight amount of precipitate was formed which dis-

solved in water but gave no precipitate on heating.

The remainder of the solution of the (NH4) 2SO4 precipitate

was dialyzed till free from sulphate and then evaporated to

dryness on a water bath at 40 C. The dialyzate contained
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very little protein as was shown by the practically negative

response to the biuret test.

c. Osseoalbumoid was prepared as before. An attempt
was made to obtain a product at an earlier stage in the prepara-

tion process than that of the preceding experiment. The

product had the same fluffy characteristic as before, only

it had a blood-red color.

This crude osseoalbumoid was subjected to the peptic con-

ditions of the previous experiment. Digestion was started

at 9.45 A.M.

10.35 A -M - Heating a portion of the filtered digestive

liquid failed to cause turbidity in it.

10.50 A.M. Heating a portion of the filtered digestive liquid

failed to cause turbidity in it.

11.05 A -M - A portion of the digestive fluid was withdrawn

and saturated with (NH4) 2SO4 in the cold. A yellow sticky

precipitate was formed. It was completely soluble in warm
water. No precipitate was formed on heating this solution.

A portion of the solution was saturated with (NH4) 2SO4 at the

boiling temperature. A precipitate was formed, which was

soluble in water but gave no precipitate on heating.

11.30 A.M. About 1/8 of the original bulk of material

remained undigested. It was filtered off and subjected to

the action of a fresh pepsin-acid solution.

This residue did not, however, undergo digestion on further

treatment with pepsin-HCl and looked like hematin. It was

soluble in Na2CO3 from which solution it could be precipitated

by acidifying. Its solution gave the spectroscopic lines of

acid hematin.

The nitrate from the undigested material was saturated

with (NH4) 2SO4 in the cold. The precipitate had a reddish

color. The filtrate from this precipitate was saturated with

(NH4) 2SO4 at the boiling temperature. Each of these precipi-

tates was dissolved in water. Samples of the solutions

were gradually heated with the results indicated in the

summary on the next page.
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Pp't. produced in Ppt. produced at the
the cold. boiling temp.

Solution in water (acid) No pp't. No pp't.
" made neutral

made alkaline
"

diluted

The remainders of the solutions of these precipitates were

dialyzed free from sulphate and speedily evaporated to dryness
on a water bath at 40 C. The dialyzates contained little

or no protein, as shown by the practically negative results

with the biuret test.

d. Osseoalbumoid was subjected to peptic digestion. It

was placed in an incubator at 9.15 A.M. and at 12.15, one-half

of the digestive solution was removed and precipitated by
saturation in the cold with (NH4) 2SO 4 ,

after careful neutraliza-

tion with NaOH. At the point of neutralization a voluminous

precipitate was obtained which was filtered off and, upon testing,

found to be easily soluble in dilute HNO
3 ,

to give a yellow

precipitate with ammonium molybdate and no protein reactions.

It was thought, therefore, that this precipitate consisted of

phosphates that had not been removed by the acid treatment

of the original ossein shavings.

The (NH4) 2SO4 precipitate produced by saturation at

room temperature was filtered off and the filtrate saturated

with (NH4) 2SO4 at the boiling temperature. An aqueous
solution of these products did not yield a heat precipitation

test.

The remaining half of the digestive mixture, after 8% hours'

digestion, was filtered, the filtrate neutralized, the phosphates
filtered off and (NH4) 2SO4 added to saturation, as in the treat-

ment of the first half.

A considerable amount of solid substance remained at the

end of the digestive treatment. This was subjected to peptic

digestion for 24 hours longer (a total of 32 hours) and then

filtered and treated by the (NH4) 2SO4 process described above.

Each of the precipitates was dissolved in water, dialyzed till

free from sulphate and speedily evaporated to dryness at 40 C.

e. Fresh ox-femurs were used and osseoalbumoid was
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isolated from the hashed ossein shavings as in experiments

d-d.

A portion of the product was subjected to peptic digestion

as in the previous experiments (a-d), and after four hours'

digestion, the mixture was filtered and the filtrate neutralized

with NaOH. The precipitated phosphates were removed

by filtration and the remaining solution saturated with

(NH4) 2SO4 at the boiling temperature.

The precipitate obtained by the saturation process was

dissolved in water, dialyzed free from sulphate and speedily

evaporated to dryness at 40 C. over a water bath. This

product when dissolved in water did not give the heat pre-

cipitation test. The residue which remained undigested after

four hours was again subjected to digestion for 18 hours longe'r,

and the fluid then treated by the process described above.

j. Summary of Results of Procedures A (1-2). a. Osseoalbu-

moid prepared from ossein shavings made in 1900 and kept

dry, meanwhile, yielded osseoalbumoses on tryptic digestion.

b. Ossein shavings themselves were not appreciably affected

by tryptic digestion.

c. Osseoalbumoid made from old desiccated ossein shav-

ings, when subjected to peptic digestion for 1/2 hour, yielded

a product which gave a sharp heat-precipitation test; that is,

a precipitate came down on heating some of the filtered di-

gestive mixture, which precipitate dissolved on further heat-

ing and reappeared on cooling. An aqueous solution of the

precipitate produced by (NH4) 2SO4-saturation of this

digestive mixture, gave the same heat-precipitation result.

This result could be obtained only when the reaction of the

heated solution was acid.

d. The pepsin used in the digestion was not responsible

for this reaction.

e. After subjecting osseoalbumoid (the same product as the

above) to peptic digestion for i, i> and 3 hours, respectively,

in no case did the filtered digestive mixture, nor a solution

of the (NH4) 2SO 4-saturation precipitate from the digestive

mixture, give a heat-precipitation test.

/. Osseoalbumoid isolated from fresh ossein shavings, after
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4 hours of peptic digestion, did not yield products giving a

heat-precipitation test.

g. From the above it is obvious that, with the exception
of the product obtained at the end of 1/2 hour of peptic diges-

tion of osseoalbumoid, none of the products gave a heat pre-

cipitation test, thereby differing from elastoses which have

properties not unlike the Bence Jones protein in some respects.

However, these products as obtained above, after passage

through the body, might be so changed that, when excreted in the

urine, they would give reactions like those of the Bence Jones

protein. On this basis the following experiments were tried.

B. SUBCUTANEOUS INJECTION OF PRODUCTS OF THE PEPTIC

DIGESTION OF OSSEOALBUMOID. First Experiment. The dog
in this experiment was under observation in the laboratory
for two days previous to the injection and during that time

his urine gave no precipitate on heating, but saturation with

(NH4) 2SO4 produced a small amount of yellowish precipitate

soluble in H2O. On heating this solution, no precipitate was

formed, nor did it give a reaction with picric acid or trichlora-

cetic acid. The solution gave the spectroscopic picture of

urobilin. The urine, however, gave a marked precipitate

with potassio-mercuric iodid. This precipitate dissolved on

further heating and reappeared on cooling. The urine did

not give a precipitate with picric acid or trichloracetic acid. 1

1 It was thought that the reaction with potassio-mercuric iodid might
be due to the fact that the dog had a considerable amount of muco-puru-
lent material in the inner canthus of both eyes and that this material

had gotten into the urine. Some of this material from the eyes was

obtained, made into a solution with 0.85 per cent. NaCl, filtered, and
on adding potassio-mercuric iodide gave a faint precipitate, which did

not disappear on further heating, however. As the solution was com-

paratively concentrated, it was diluted until its content of material was

equal to about the maximum proportion that could be present in the

urine. At this dilution a marked clouding, but no precipitate, appeared
in the test with potassio-mercuric iodide.

The infection of the dog's eyes was removed by irrigations with boric

acid, and the cage in which the dog was kept, was thoroughly cleansed.

The urine continued to give the reaction with potassio-mercuric iodid,

however, after the muco-pus as a factor in its production was ruled out.

(See the foot-note on the opposite page.)
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0.3895 gram of the substance obtained by peptic digestion

of osseoalbumoid (A, 2, b) was dissolved in 6 cc. of 0.85 per

cent. NaCl, which were then injected into the loose cellular

tissue of the right flank at 11.50 A.M., Nov. 27, 1908.

Weight of the dog: 9.65 kilos; temperature of the dog:

101.20. Amount of substance injected per kilo of dog: 0.040

gram.

The dog showed great lassitude for about seven hours after

the injection.
1

Certain urinary data are given in Table I on page 24.

The remainder of each fraction of urine after the following

tests had been made was saturated with (NH4) 2SO4 at room tem-

perature and the precipitate collected. Fractions No. 2 and

No. 3 gave small amounts of proteose-like precipitates, and

fraction No. i a still smaller yield. These precipitates were

dissolved in water, filtered and the filtrates tested with the

results shown in Table II (page 24).

The filtrates from the precipitates obtained by saturation

with (NH4) 2SO4 at room temperature (Table II) were further

saturated with (NH4) 2SO4 at the boiling temperature. The

precipitates were collected, dissolved in water, filtered and

tested with the results shown in Table III (page 25).
1 The urine was collected before the injection (after the purulent

material from the eyes had been ruled out as a factor in the reaction with

potassio-mercuric iodide) and preserved with thymol. As it was sub-

sequently thought that perhaps this preservative might account for

the reaction obtained, urine that did not give the test was preserved
with thymol, and allowed to stand for twelve hours. It then gave a pre-

cipitate with potassio-mercuric iodide, which dissolved on further heating
and reappeared on cooling. The same urine gave no precipitate with

picric acid or trichloracetic acid, however, This test was repeated sev-

eral times with the same result.

(The nature of this reaction is being studied and will be the subject
of a future communication.)
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Second Experiment. The subject of the preceding experiment
received another subcutaneous injection of 1.1460 gram of

osseoalbumoid (A, 2, c). The amount of injected sub-

stance per kilo of the dog's body-weight was 0.1187 gram.
The dose was dissolved in 8 cc. of 0.85 per cent. NaCl. This

was injected at 12.05 P.M., Nov. 28, 1908. The dog's tem-

perature was 101.3 F. No untoward symptoms developed.
Certain urinary data are given in Table IV (page 25).

The fractions of urine from this dog, which are referred

to in Table IV, were saturated with (NH4) 2SO4 at room tem-

perature and a considerable amount of proteose-like material

was collected from each. This was filtered off and each

filtrate saturated with (NH4) 2SO4 at the boiling temperature,

yielding a very small amount of precipitate. The precipitates

were dissolved in water, filtered and tested as follows :

Fraction. (NH^jSO* (cold). (NH4)aSO4 to filtrate (boiling).

No. i Considerable amount Very small amount of

of proteose-like pre- precipitate,

cipitate.
No. 2

Nos 3, 4 No proteose-like ma- No precipitate,
terial

; very small

amount of dark gran-
ular precipitate.

Nos. 5, 6

Solutions of these precipitates of fractions i and 2 were

dialyzed free from sulphate and poured into alcohol. A con-

siderable amount of white, flaky precipitate came down.

This precipitate, after standing under alcohol for two months,

was found to have become quite insoluble. Sulphate was

present, for the water with which the precipitate was washed

gave a good reaction with BaCl2 . The washings gave negative

results with the Millon and the xanthoproteic tests but the

insoluble precipitate gave reactions with both. The washings,

however, gave a biuret test, which may have been due to

the presence of urobilin (Salkowski, Berl. Klin. Woch.
t 1897, No.

J 7 P- 353)j or to a small amount of the precipitate that was

soluble in the water. No precipitate appeared on heating

the washings from the insoluble precipitate.
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The results of the above experiment indicate that the

(NH4) 2SO4 precipitate from the urine contained the substance in-

jected into the dog and that this substance was rendered in-

soluble when precipitated by means of alcohol from its aqueous
solution. One of the reasons for supposing that the Bence Jones

protein more nearly resembles the "primary proteins" than the
"
secondary protein derivatives," is the fact that the albumins

and globulins are rendered insoluble on standing under alco-

hol while the proteoses and peptones are not.. The result

referred to above seems to indicate that the substance recovered

from the urine in this experiment is closely related in its prop-
erties to the Bence Jones protein, for Simon and others have

shown that the Bence Jones protein is rendered insoluble in

water after it has been precipitated by alcohol and allowed

to stand in the reagent.

I may also remark here, in regard to the reaction produced

by potassio-mercuric iodide in the non-thymolized urine

from this dog (page 23), that, since the animal was a male, it

was thought that perhaps the reaction was due to the presence
of spermatic fluid, a point to which Bence Jones drew atten-

tion in his original paper. He says "a similar body to Bence

Jones protein may be detected in pus and in the secretion

from the seminal vesicles." This reaction was obtained,

however, in the urines from 3 bitches and 10 other dogs, even

after catheterization.

Third Experiment. At 11.30 A.M., December 24, 1908,

0.7801 gram of substance (A, 2, d) dissolved in 8 cc. of 0.85

per cent. NaCl was injected subcutaneously into a bitch.

The weight of the animal was 7.1 kilos. The amount of sub-

stance per kilo was 0.1099 gram. The dog showed no ab-

normal symptoms.
The urines were subjected to the usual treatment. The

solution of the (NH4) 2SO4 precipitate from fraction No. i

was dialyzed until free from sulphate. At this point a small

amount of precipitate was obtained when the solution was

added to alcohol.

Certain urinary data are given in Table VI (page 29) .
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C. SUBCUTANEOUS INJECTION OF PRODUCTS OF THE TRYPTIC

DIGESTION OF OssEOAiyBUMOiD. Only one experiment was
conducted in this particular connection. The urine of the dog
before injection gave no precipitate on heating nor on the

addition of picric acid or trichloracetic acid.

The urine was saturated with (NH4) 2SO4 at the boiling tem-

perature, and a dark granular precipitate obtained, which

was slightly soluble in water yielding a yellow colored solution.

This yellow solution gave negative results in all the protein

color tests except the biuret, thus proving the presence of

urobilin; nor did the solution give a protein reaction with

picric acid or trichloracetic acid.

The insoluble matter gave no protein color tests and was

soluble in acid, depositing crystals of uric acid from an acid

solution on evaporation.

0.9145 gram of the product obtained from the digestion

filtrate by saturation with (NH4) 2SO4 (A, i, b) was dissolved

in ii cc. of 0.85 per cent. NaCl. This was injected subcutane-

ously into a dog at 10.45 A.M., March 5, 1909.

The weight of the dog was 7 kilos. The amount of the sub-

stance injected per kilo of the dog's weight was 0.1306 gram.
No unfavorable effects were noted.

Certain urinary data are given in Table VII (page 31).

The fractions of urine from this dog, which are referred to in

Table VII, were saturated with (NH4) 2SO4 at the boiling

temperature. All the fractions, except No. i, yielded a con-

siderable amount of proteose-like precipitate, especially frac-

tion No. 3. The precipitates produced in the fractions were

dissolved in water and tested with the results shown in Table

VIII (page 32).

The small amounts of (NH4) 2SO4 precipitates obtained

from the above fractions that were insoluble in water did

not give any protein reactions, and were almost completely

soluble in HC1, from which solutions crystals of uric acid were

obtained on evaporation.
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The above data show that the injected material was ex-

creted in the urine in considerable amounts. While it did

not yield the heat-precipitation test in the urine, it did give a

strong reaction in an aqueous solution of the (NH4) 2SO4 pre-

cipitate from the urine.

Of course it is to be noted that in the case of the plain urine,

we have much less of the injected material corresponding
to the Bence Jones body than is present in cases of "mye-
lopathic albumosuria," and the fact has been commented upon

by Coriat, Hutchison, Rosin, Simon, Sussman, Matthes,

Rostoski, Ribbinik, Huppert and Magnus-Levy, that in their

cases, although the precipitate was obtained in the urine

at low temperature, it did not completely dissolve on further

heating. The disappearance of the precipitate after con-

tinued heating is not always noted even when the Bence Jones

protein is present, as the above-named observers showed, and

this reaction is not a true test for the Bence Jones protein.

We must bear in mind that the influence of salts has a great

deal to do with the solution and precipitation of this protein

as is the case with other proteins. This fact has been demon-

strated by Spiro,
1 Pauli and Rona2 and Hammarsten. 3

In order to clear up the obscure points relating to the pro-
tein excreted in this experiment, the aqueous solution of the

precipitates obtained from the urine by treatment with

(NH4) 2SO4 was dialyzed till free from sulphate and speedily

evaporated over a water bath until the liquid had a syrupy

consistency. The following experiment was undertaken to

find out what reactions occur on heating a sample of urine

(sp. gr. 10.20) containing an amount of the substance approxi-

mately equal to the proportion in which it exists in cases

of myelopathic proteosuria. When the syrupy solution of

the excreted substance was added to the urine in varying

proportions, no change in the urine took place on heating.
The treated urine gave marked precipitates with picric acid and
trichloracetic acid, however. These reactions did not take

1

Spiro: Zt. phys. Ch., 1900, xxx, p. 182.
2 Pauli and Rona: Beit. f. ch. Phys. und Path., 1902, ii, p. i.

3 Hammarsten: Pfliiger's Arch. f. d. ges. Phys., 1878, xxviii, p. 65.



34

place before the addition of the excreted substance. The

precipitates dissolved on further heating and became more

marked on cooling.

Summary of Results of Procedures B-C. i . After the subcu-

taneous injection of products of peptic digestion of osseoalbumoid

the urine in no instance gave the heat-precipitation test, but

the urine gave the proteose test on addition of picric acid

or trichloracetic acid. An aqueous solution of the (NH4) 2SO4
-

saturation precipitate gave the heat-precipitation test and

the proteose test with picric acid and trichloracetic acid.

2. The substance excreted in the urine became insoluble

after its precipitation with alcohol, thereby resembling the

primary proteins rather than the proteoses.

3. Thymolized urines give a reaction with potassio-mer-

curic iodide that resembles that given by the proteoses with

the same reagent.

4. The urine from normal dogs also gave a reaction with potas-

siomercuric iodide that resembles the proteose reaction with

this reagent. The relation between this reaction and the

presence of kynurenic acid and "diamines," in dog's urine,

is being studied.

5. After the subcutaneous injection of products obtained

by tryptic digestion of osseoalbumoid, no heat- precipitation

test was obtained in the urine, but the urine gave a good

proteose test with picric acid and trichloracetic acid. An

aqueous solution of the (NH4) 2SO4-saturation precipitate gave
a marked heat-precipitation test and also proteose tests with

picric acid and trichloracetic acid.

6. When some of the substance excreted in the urine was

isolated and its aqueous solution concentrated to a syrupy

consistency and added to urine of 1.020 specific gravity in

varying proportions, no heat-precipitation test was obtained.

The urine, however, gave marked tests for proteose with picric

acid and trichloracetic acid.

7. The injection of these products did not produce any
untoward effects.

8. It seems fair to assume, on account of the fact that the

heat-precipitation test was not obtained in the urine direct
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but in an aqueous solution of the (NH4) 2SO 4-saturation pre-

cipitate from the urine, that if a larger amount of substance

had been present, the heat-precipitation test would have been

obtained in the urine itself.

D. LEUCOCYTIC PROTEOLYSIS OF OSSEOALBUMOID. The orig-

inal assumption which led to this work was that the proteolytic

enzymes in the cells of the new bone growth, or the unrestrained

action of the enzymes from the bone marrow cells, might cause

the production of the Bence Jones protein by the transformation

of osseoalbumoid. It was desirable, therefore, to ascertain

what the direct action of the enzymes of leucocytes would

be on osseoalbumoid and to learn the results that would occur

if the substances produced by their proteolysis were injected

into dogs.

The method described by Opie (Jr. Exp. Med., 1906, viii,

p. 410) was used to obtain the leucocytes and to separate

the enzymes from them in a dry, powdered state. By this

method Opie has shown that an enzyme designated by him

"lymphoprotease" is destroyed when present in an acid medium,
and that one which he calls "leucoprotease" remains active

when contained in an alkaline medium. The alkaline condi-

tion was favorable for our proposed experiment, as the leuco-

protease would, in bone marrow, normally act in an alkaline

medium. Opie has shown also (Jr. Exp. Med., 1905, vii,

p. 759) that the enzymes from bone marrow are identical

with those obtained from polynuclear leucocytes with fine

granulations, and, since these cells are formed in the bone

marrow, the bone marrow may be regarded as the source of

the enzymes which both contain. Furthermore, Opie has

shown that the "lympho-protease" is contained in the lympho-

cytes, and although the greater proportion of the cells in an

inflammatory exudate are polynuclears, there are a number
of lymphocytes present, and by his method of preparation,
the enzymotic action of the lymphocytes is eliminated.

In the experiment described below a portion of osseoal-

bumoid was treated with a suspension of 2.35 grams of dry,

powdered leucocytes in saline solution. About 800 cc. of

0.25 per cent. N^COg and i cc. of toluol were added and the
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mixture placed in an incubator at 39 C. At the end of a

week, about one-half of the material was digested.
1

After twelve days' digestion of the osseoalbumoid by the

leucocytic material, it was observed that the amount of un-

digested matter did not diminish on the two succeeding days.
The mixture was then filtered, and the filtrate neutralized

and saturated with (NH4) 2SO4 at the boiling temperature.
A very large amount of proteose-like material was obtained.

Even after repeated treatment of this precipitate with water

a considerable amount of substance remained insoluble. This

insoluble portion gave all the protein color reactions, but no

proteose tests, and proved to be an alkali albuminate. That

portion of the precipitate which was soluble in water was

dialyzed free from sulphate and concentrated speedily by
evaporation at 40 C. On heating an aqueous solution of

the above precipitate a marked cloudiness was produced,
which was not changed on further heating, nor by the addi-

tion of acid.

With picric acid, trichloracetic acid, or potassio-mercuric

iodide, the solution gave very abundant precipitates which

dissolved almost completely on further heating and were

more marked on cooling. On addition of concentrated HNO3

a precipitate was produced which dissolved completely on

heating and returned on cooling.

The extract of leucocytes did not give a precipitate on heat-

ing, nor when allowed to undergo autolysis under toluol.

On saturating this autolyzed extract with (NH4) 2SO4 a small

amount of precipitate came down, which, after solution in

water, did not respond to the heat-precipitation test.

The osseoalbumoid that was not digested after two weeks'

treatment with the dried leucocytic product was transferred to

1 The following references to enzymes from leucocytes may be noted :

Longcope and Donhauser: Jr. Exp. Med., 1908, 10, p. 618. Opie:

Jr. Exp. Med., 1905, 7, pp. 316, 759; 1906, 8, pp. 536,410. Opie and

Barker: 1907, 9, p. 207. Jochman: Zt. f. Hyg. u. Inf. Krank., 1908, 61,

p. 71. Jochman and Lockemann: Beitrage. f. ch. Phys. u. Path.,

1902, 2, p. 449. Jochmann and Miiller: Munch. Med. Woch., 1906, 53, p.

1392, 1507, and 2002; also, Verhand. d. Kong. f. inn. Med., Wiesbaden,

1907.
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a fresh saline extract of leucocytes and placed under toluol

in an incubator.

After two weeks' digestion in this fresh saline extract of

leucocytes there was still some residue present. This was
filtered off, the filtrate saturated with (NH4) 2SO4 at the boiling

temperature and an abundant proteose precipitate obtained,

which dissolved easily in water forming a dark brown solution.

On heating this solution an abundant precipitate came down
which dissolved to a slight extent on further heating and which

became more marked on cooling. This same result was ob-

tained with picric acid. With trichloracetic acid a precipitate

was formed which was not completely soluble on further heat-

ing, and which became more marked on cooling. The same

results were obtained with potassio-mercuric iodide. With

HNO3 an abundant precipitate was produced, which disap-

peared on heating and returned on cooling. The solution was

dialyzed till free from sulphate and evaporated speedily to

dryness at 40 C. As it was thought that the undigested
material might be collagen, it was boiled with water but the

supernatant liquid gave only a slight reaction for protein.

To determine if this residue was digestible it was treated

with a fresh active alkaline trypsin mixture and placed in an

incubator. After 48 hours no digestion had taken place, and

on saturation with (NH4) 2SO4 ,
no precipitate came down.

Most of the undigested material dissolved in Na^Og from

which it could be precipitated by acidifying the alkaline solu-

tion with HC1. This material consisted chiefly of hematin as

seemed evident also from its color.

Summary of Results of Procedure D. i. Osseoalbumoid,
on digestion with a dried extract of leucocytes, prepared by
the method of Opie, yielded osseoalbumoses.

2. An aqueous solution of the osseoalbumoses produced

by the leucocytic proteolysis of osseoalbumoid did not give

a sharp heat-precipitation test. However, after the addi-

tion of picric acid, trichloracetic acid, nitric acid, or potassio-

mercuric iodide, a sharp proteose test was obtained.

3. Neither the extract of leucocytes nor the autolyzed

leucocytic material gave a heat-precipitation test.
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K. SUBCUTANEOUS INJECTION OF PRODUCTS OBTAINED IN

THE LEUCOCYTIC PROTEOLYSIS OF OSSEOALBUMOID. 2.3060

grams of the proteose-like product (D) were dissolved in 1 1 cc.

of 0.85 per cent. NaCl. This solution was injected subcu-

taneously into a bitch, the subject of a former experiment.
The weight of the dog was 7 kilos. The amount of the sub-

stance injected per kilo of dog's weight was 0.33 gram. In-

jection occurred at n A.M., March 16, '09. No untoward

effects were noticed.

Certain urinary data are given in Table IX (page 39).

The several fractions of urine from this dog, which are re-

ferred to in Table IX, were saturated with (NH4) 2SO4 at the

boiling temperature. Fractions 2, 4 and 5 gave fair amounts of

precipitates. These precipitates were found to be very slightly,

if at all, soluble in water. They were insoluble in NaCl, 0.2%
HC1 and C2

H5OH, but soluble in 0.5% N^COg. The insoluble

material gave very marked responses to the Millon and

xanthoproteic tests. The filtrate from the material insoluble

in water gave no reactions with picric acid, Millon's reagent

or potassio-mercuric iodide.

It was thought that this excreted substance might be nu-

cleoalbumin. Some of the original urine was therefore ren-

dered amphoteric to litmus, heated to boiling and, while

briskly boiling, treated with acetic acid drop by drop. A
white, flaky precipitate was produced, which was filtered off,

and which gave the following reactions:

(1) Soluble in excess of 0.2 per cent. HC1.

(2) On being boiled with 2 per cent. HC1 until a dark color

formed, neutralized and tested for reduction with Fehling

solution, no reduction was obtained.

(3) Gave positive test for phosphates on evaporation,

fusion with Na^Og and NaNO3 ,
and treatment with dilute

HNO3 and ammonium molybdate solution. The original

precipitate was washed till the washings gave no test for

phosphates before the fusion was made.

These results show that the substance excreted was prob-

ably nucleoalbumin. No substance giving these reactions of

nucleoalbumin was obtained from the urine before the in-
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jection of the leucocytic proteolytic product of osseoalbumoid.

Evidently the injected product was either modified in some

way or nucleoalbumin present in it was excreted as such while

the rest of the material was retained.

F. INTRAVENOUS INJECTION OP PRODUCTS OBTAINED IN

THE LEUCOCYTIC PROTEOLYSIS OF OSSEOALBUMOID. i. First

Experiment. 0.865 gram of the proteose-like product (D) was
dissolved in 30 cc. of 0.85 per cent. NaCl solution. This was

injected intravenously into a dog, the subject of a previous

experiment, at the rate of i cc. a minute, March 23, 1909.

The animal was under the influence of ether during the in-

jection procedure. No untoward symptoms developed.

Certain urinary data are given in Table X (page 41).

The fractions of urine from this dog, which are referred to

in Table X, were saturated with (NPI4) 2SO4 at the boiling

temperatures and the precipitates dissolved in water and

tested with the results indicated in Table XI (page 42).

The results of this experiment show that when the sub-

stance reached the blood stream it was excreted unchanged

through the kidneys, and when present in sufficient quan-
tities in the urine it gave a fair heat-precipitation test and

marked reactions with picric and trichloracetic acids.

Of course it must be remembered that the amount of sub-

stance that was present in the fractions of urine was quite

small in comparison with the amounts excreted in myelo-

pathic proteosuria. Possibly, in the presence of larger amounts

of the substance, the heat reaction would be more marked.

The subject of this experiment was accidentally killed a week

later during the ether anesthesia while preparation was

being made for another intravenous injection. At autopsy
a hemorrhagic peritonitis was found with about 50 cc. of

blood in the peritoneal cavity.

2. Second Experiment. 0.4 gram of the proteose-like product

(D) was dissolved in a small volume of physiological salt

solution and injected intravenously into a dog at 2 P.M.,

March 30, 1909.

Certain urinary data are given in Table XII (page 43).
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The fractions of urine from this dog, which are referred to

in Table XII (page 43), were saturated with (NH4) 2SO4 at the

boiling temperatures, and the precipitates dissolved in water

and tested with the results indicated in Table XIII (page 43).

The result of this experiment confirms that of the previous
one. The injected substance was excreted in the urine, giving

a fair heat-precipitation test, and marked picric and trichlor-

acetic acid tests, both in the urine itself and in the solution

of the (NH4) 2SO4 precipitate from the urine. The substance ex-

creted in the urine was shown not to have been nucleoalbumin.

It was like proteose in its responses to the tests employed.

3. Summary of Results of Procedures E-F. a. After the

subcutaneous injection of an aqueous solution of the product
obtained by the leucocytic proteolysis of osseoalbumoid (D),

the urine did not give the heat-precipitation test, but did

give proteose tests with picric acid and trichloracetic acid.

b. The substance excreted in the above case was probably
nucleoalbumin either present in the injected material to begin

with and excreted unchanged, or formed from the substance

injected.

c. After intravenous injections of an aqueous solution

of the product obtained by the leucocytic proteolysis of osseo-

albumoid the urine gave a fair heat-precipitation test and

marked proteose tests with picric acid and trichloracetic

acid.

d. The substance excreted after the intravenous injections

was apparently proteose and not nucleoalbumin.
y

e. In no case did the injected substance produce untoward

symptoms.

/.
The results of the heat-precipitation test following

intravenous injections suggest that possibly the Bence Jones

protein is formed by the action of enzymes of the bone-marrow

upon osseoalbumoid and that this product produced by their

action is eliminated through the kidneys after it reaches the

blood stream.

G. INTRAPERITONEAL INJECTION OF OSSEOALBUMOID. One

gram of osseoalbumoid, prepared by Hawk and Gies for ele-
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mentary analysis, was suspended in water. The mixture

was heated to boiling, cooled and injected intraperitoneally

into a large dog at 3 P.M., March 25, 1909.

Certain urinary data are given in Table XIV (page 46).

It was found that the substance excreted consisted of serum

proteins. No proteose-like material could be detected.

The urine before injection gave no reaction with picric acid

or trichloracetic acid. With potassio-mercuric iodide a

slight precipitate was obtained that did not change on further

heating. On saturation with (NH4) 2SO4 a small amount
of a dark granular precipitate was obtained that consisted of

urates, urobilin, and a small amount of an insoluble residue

which gave no reaction for protein.

On March 3oth, the dog died and, on autopsy, a very intense

hemorrhagic peritonitis was found with over a liter of bloody
fluid in the peritoneum. No proteose could be detected in

this fluid. It was hoped that in the experiment just described,

the osseoalbumoid would cause an inflammatory reaction and

then undergo a proteolysis occasioned by the enzymes of the

leucocytes in the exudate and that the product of this digestive

action would be taken up by the blood and undergo excretion.

Such conditions would bring about a more natural leucocytic

proteolysis of osseoalbumoid and would effect a process more

nearly comparable to that supposedly taking place in multiple

myeloma. On account of the danger of the intraperitoneal

injection, it was decided to attempt to induce more favorable

conditions by making an intrapleural injection of osseoal-

bumoid as described below.

H. INTRAPLEURAL INJECTION OF OSSEOALBUMOID. 0.4

gram of osseoalbumoid (from the same product as that used

for the intraperitoneal injection G) was suspended in 10 cc.

of physiological salt solution, heated to boiling, cooled, and

injected jnto the left pleural cavity of a dog, at 4 P.M., April

3, 1909-

The urinary tests were negative (Table XV (page 46)).

All the fractions of urine from this dog (Table XV) were

saturated with (NH4) 2SO4
but fraction 4 (April 7) was the

only one that gave a proteose-like precipitate. A solution
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of this precipitate gave a positive reaction for proteose
when tested with potassio-mercuric iodide, picric acid and tri-

chloracetic acid. On heating an aqueous solution of the

precipitate produced by (NH4) 2SO4 ,
a marked turbidity en-

sued that did not disappear completely after continued heat-

ing, and was more marked on cooling.

On April lyth, two weeks after the intrapleural injection

the dog was killed. At autopsy the left lung and pleura
were found to be normal, with no evidence of any osseoalbu-

moid present.

The results of the tests on the urine in this experiment
indicate that the injected osseoalbumoid was taken up by
the blood and the substance excreted. In one fraction of

the urine, obtained four days after the injection, a substance

was present which was precipitated by picric acid, the product
thus thrown down dissolving on warming and reappearing
on cooling apparently proteose.

Summary of Results of Procedures G-H. i. Intraperitoneal

injection of osseoalbumoid, as a method for the production of

the autolytic derivatives of osseoalbumoid in the exudate

resulting from its injection, is apparently too unsatisfactory

a process for use in such experiments.
2. The urine four days after the intrapleural injection of

osseoalbumoid yielded an (NH 4) 2SO4-saturation precipitate

whose aqueous solution gave a pronounced heat-precipitation

test and marked proteose reactions with picric acid and tri-

chloracetic acid.

VII. SUMMARY OF GENERAL CONCLUSIONS.
1. The peptic digestion of osseoalbumoid yielded a water-

soluble substance precipitable by saturation with (NH4) 2SO4 .

In one instance this material gave a heat-precipitation test,

but the reaction was not as marked in its sharpness as the same

test when applied to elastose. Negative results were obtained

when the test was applied to two other similar products ob-

tained in the peptic digestion of osseoalbumoid.

2. After the subcutaneous injection of the material produced

by the peptic digestion of osseoalbumoid, the urine did not
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yield a heat-precipitation test, but gave a positive reaction

with picric and trichloracetic acids. The (NH4) 2SO4 pre-

cipitate from the urine in this experiment gave positive heat

as well as picric acid and trichloracetic acid tests.

3. The heat-precipitation test in the urine is determined

by the amount of substance excreted as well as by the reac-

tion of the urine and the quantity of salts present.

4. After the subcutaneous injection of the material pro-
duced by the peptic digestion of osseoalbumoid, an alcoholic

precipitate of the substance excreted in the urine is rendered

insoluble on standing under alcohol, thereby showing one of

the characteristics of the Bence Jones protein, and departing
from the usual properties of proteoses.

5. After the subcutaneous injection of the substance obtained

by the tryptic digestion of osseoalbumoid, it was excreted by
the urine but it did not give a heat precipitation test.

6. Osseoalbumoid undergoes proteolysis when subjected
to the action of the enzyme of leucocytes that acts in an al-

kaline media. A solution of the (NH4) 2SO4 precipitate of this

digestive mixture gave a heat precipitation test as well as

reactions with picric acid and trichloracetic acid.

7. The material produced by the leucocytic proteolysis of

osseoalbumoid, after its subcutaneous injection, was found to

have been modified in the body and was excreted, in whole

or in part, as a nucleoalbumin-like substance in the urine.

8. Intraperitoneal injection could not be used as a satisfac-

tory method of favoring autolysis of osseoalbumoid on account

of the peritonitis produced.

9. Osseoalbumoid was absorbed, after its intrapleural

injection, and a digestive product of it was excreted in the

urine. This product in the urine did not give a heat-precipita-

tion test, but a solution of the (NH4) 2SO4 precipitate from

the urine gave this reaction as well as one with picric acid

and trichloracetic acid.

10. Some of the results indicate that the Bence Jones protein

may be formed from osseoalbumoid by the action of enzymes

present in the bone marrow.
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