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some animals survived oral doses of 50 mg/kg.
Rats tolerated oral doses of 100 mg/kg daily
for 15 days. Oral administration to dogs of
5 mg/kg daily for 6 to 17 weeks was well
tolerated. Gross and histopathological exam-
ination of the vital organs of the medicated
rats and dogs revealed no significant abnor-
malities. Isuprel did not interfere with growth
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when incorporated into a standard diet to
make 0.5% by weight and given as the only
source of food to weanling rats.

From the above data it is concluded that
Isuprel has a comparatively low toxicity.

The authors are indebted to Dr. J. O. Hoppe
for the intravenous toxicity data on mice included
in this communication.
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Radiation-Induced Hemorrhagic Disease in Chickens.*

Frank J. Drxon.

(Introduced by Shields Warren.)

From the Laboratory of Pathology of the Harvard Cancer Commission, Harvard
Medical School, Boston.

Several articles describing the hemorrhagic
disease in animals and man following radiation
have recently appeared.’® 1In these subjects
hemorrhage is one of the predominant features
in the postradiation syndrome. Allen and
Jacobson! concluded that, contrary to the
prevalent idea, thrombocytopenia plays only
a secondary role in producing hemorrhage
following radiation in dogs. They felt that
the most significant change was the presence
in the blood of an increased amount of free
heparin. Liebow? and Cronkite* mentioned
the presence of increased numbers of mast
cells in tissues of victims of the atomic bomb-
ings, a finding of possible significance in view
of the suggested relationship between mast
cells and heparin production.

The blood changes and hemorrhagic disease
we observed in chickens following continuous
internal radiation from P32 administered sub-
cutaneously were significantly different from
those reported above in animals. In compar-
ing the results of our work with the previous

* Work done under contract from Office of
Naval Research.

1 Allen, J. G., and Jacobson, L. O., Science,
1947, 105, 388.

2 Liebow, A. A., and Warren, S. (Abstract),
Am. J. Path., 1947, 23, 888, 892.

3 Cronkite, E. P. (Abstract), Am. J. Path,,
1947, 23, 891.

work, 3 factors should be kept in mind. First,
the radiation differed in two respects from the
external radiation of the above experiments.
Throughout our experiment, radiation by P32
was continuous in contrast with the brief
interval of exposure above; while widespread
throughout the body, the P*2 did not give the
uniformity of body radiation which results
from external total body gamma radiation.
Second, the platelets or thrombocytes of the
chicken are nucleated cells therefore differing
in origin and character from the non-nucleated
mammalian forms. Third, compared to the
mammals studied, the chicken is relatively
resistant to radiation.*

Our course of P32 injections killed 25% of
the 20 experimental chickens and made those
surviving at the end of the 17-day observation
period moribund. The course of the blood
counts and the coagulation times as measured
by the capillary tube method using venous
blood are recorded on the accompanying
graph. The surviving birds were killed after
17 days of radiation, and clot retraction and
blood chemistry determinations were made.
Gross and microscopic autopsy studies were
also done.

Observations. RBC counts decreased stead-

4 Warren, S. L., and Whipple, G. H,, J. Ezp.
Med., 1923, 88, 741.
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HEMATOLOGIC CHANGES OURING RADIATION
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ily during radiation reaching 500,000 at the
end of the 17-day observation period. Virtual
agranulocytosis was reached after seven days
of radiation and was maintained throughout
the remainder of the experiment. The plate-
lets showed a slight transitory rise and then
fell off to insignificant levels after seven days
and remained there. These changes in blood
counts are comparable to the changes follow-
ing total external body radiation.

The blood clotting time in both man and
dog may be greatly prolonged or the blood
rendered entirely incoagulable after radiation.!
However, the radiated chickens had only a
transitory increase in coagulation time over
their control mates. This increase was of
doubtful significance since the values were
within the normal range for chickens reported
by other workers.5¢ In the latter half of the
experiment, when the radiation injury was

most severe, the coagulation time was not
increased.

The character of the blood clot changed
markedly in the radiated birds. After the
mid-point of the observation period, when the
platelets and granulocytes had reached very
low levels, the blood clots were jelly-like in
consistency and had completely lost the ability
to retract. Even after ringing the clot and
prolonged centrifuging very little serum could
be separated from the clot.

Serum protein determinations, albumen
globulin ratios, and blood cholesterol values
were not altered in any of the radiated birds.

At autopsy these birds showed little hemor-
rhagic tendency relative to that described in
mammals. Petechiae not exceeding 1 mm in

6 Wirth, Folia haemat., 1942, 68, 279,

8 Amendt, K., Arch. f. d. ges. Physiol., 1922-
1923, 197, 556.




INULIN ' VOLUME OF DISTRIBUTION

diameter were found scattered over the epi-
cardium, thymus, and fascial planes of the
muscles and tendons. Occasionally petechiae
were found on the pleural surfaces of the
lungs and on the peritoneal surfaces of the
bowel. There were no large hemorrhages.

Microscopic study revealed the usual radia-
tion injuries of the lymphoid tissue, bone
marrow, and gonads, while other tissues
showed little or no change. We failed to find
any increase in the number of mast cells in
our birds.

Conclusion. The thrombocytopenia de-
veloping after radiation and the associated
poor clot and loss of clot retraction would
seem to be the factors of importance in the
hemorrhagic disease in chickens following P32
radiation. Since the blood coagulation time
was not significantly altered even after severe
radiation injury, it seems that the presence of
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a heparin-like substance similar to that found
in dogs would be unlikely.

Summary. In order to study the hemor-
rhagic disease resulting from radiation, we
produced severe radiation injury by repeated
subcutaneous injections of P32 into young
chicks. Agranulocytosis and thrombocyto-
penia developed rapidly and during the same
period the clotting mechanism of the blood
was altered. However, there was no signifi-
cant increase in coagulation time as found in
animals and the hemorrhagic disease which
developed was much less severe than that seen
in animals, The increased number of mast
cells associated with atomic bomb radiation
injury in humans was not seen in the chickens.

The author is grateful to Miss Constance Sell-
man of the New Eugland Deaconess Hospital and
to Miss Harriett Kalison for technical assistance.

16534 P

Inulin Volume of Distribution as a Measure of Extracellular Fluid
in Dog and Man.

Mar1o GAuDINo,* IrviNG L. ScawArTz,! AND MarvVIN F. LeviTT.}
(Introduced by Homer W. Smith)
From the Department of Physiology, New York University College of Medicine,
New York City.

Current methods for measuring extracellular
volume of water utilize substances which en-
ter the tissue cells in a variable proportion
(thiocyanate,>® sodium,* chloride,>® bro-

* Fellow of the Imstitute of International Edu-

cation and aided by the Dazian Fund.
t National Institute of Health Fellow.
{ Emanuel Libman Fellow.
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