
3;

1
ws

'3!

• i:

lb

UNCLASSIFIED

BiOLOGY DIVISION

TRAINING SCHOOL LIBRARY
0RNL-M6

HEALTH & BIOLOGY.

GENERAL

THE EFFECT OF HEPARIN UPON THE LD-50* OF THE X-IRRADIATED RAT

BY

HENRY I. KOHN*

and

PAUL ROBINETT**

OAK RIDGE NATIONAL LABORATORY

CENTRAL RESEARCH LIBRARY
CIRCULATION SECTION

4500N ROOM 175

LIBRARY LOAN COPY
DO NOT TRANSFER TO ANOTHER PERSON

If you wish someone else to see this
report, send in name with report and

the library will arrange a loan.
UCN-7969 (3 9-77)

OAK RIDGE NATIONAL LABORATORY
DIVISION or

CARBIDE AND CARBON CHEMICALS CORPORATION

POST OFFICE BOX P

OAK RIDGE. TENNESSEE

UNCLASSIFIED



This document consists 15
pages.

Copy V of 113 Scries A.
ISSU1D:

^S//<rUsK/?i

-1~

UNCLASSIFIED

ORNL-116
Health and Biology, General

THE EFFECT OF HEPARIN UPON THE LD-50# OF THE X-IRRADIATED RAT

by

Henry I. Kohn *

and

Paul Robinett **

Biology Division

OAK RIDGE NATIONAL LABORATORY
division of

CARBIDE AND CARBON CHEMICALf CORPORATION

This document is based on work performed under Contract
Number T7-7405-eng-26 for the Atomic Energy Project at

Oak Ridge National Laboratory

August 18, 194.8

Date Received: 8/20/48 Date Issued: ftyQ 25 1948

UNCLASSIFIED

* U.S.P.H.S.
** M.C., A.U.S.

MARTIN MARIETTA ENERGY SYSTEMS LIBRARIES

3 445b Q3L02T4 7



DISTRIBUTION:

-2- ORNL-116
Health and Biology,General

1. G. T. Felbeck (C&CCC N. Y.-N.Y.)
2i 706-A Library
3. 706-a library
4. 706-A Library
5. 706-B Library
6. Biology Library
7. Health Physics Library
8. Training School Library

9-13. Central Files

14. D. C. Bardwell
15. C. D. Cagle
16. J. A. Cox

17. H. Etherington
18. A, Hollaender
19. Vv. A. Johnson

.20. L. J. Murphy
21. M. D. r'eterson

22. C. N. Rucker

23. J. C. Stewart

24. A. M. Weinberg
25. ALC, Oak Ridge National Laboratory Division
26. H. I. Kohn

27. S. R. Sapirie (ALC-Townsite)
28. H, M. Roth (ALC-Townsite)

29-38. Argonne National Laboratory
39, Armed forces Special 'weapons Project

40-41. Atonic Lnergy Commission, i^shington
42. Battelle ^cuorial Institute

43-50, Brookhaven National Laboratory
51-54. Carbide & Carbon Chemicals Corporation (K-25 Area)
55-58. Carbide & Carbon Chemicals Corporation (Y-12 Area)

59. Columbia university (Failla)
60-63, General Llectric Company
64-70. Hanford Directed Operations

71. Iowa State College
72-73. Kellex Corporation
74-76. Los Alamos

77, Massachusetts Institute of Technology
78-79, Monsanto Chemical Company, Dayton

80. National Bureau of Standards

81. Naval Radiological Defense Labs,
82. NLPA

83-85, New York Directed Operations
86, Patent Advisor, Washington

87-101* Technical Information Division, CRDO

102. UCLA Medical Research Laboratory (barren)
103-107. University of California Radiation Laboratory
108-109. University of Rochester
110-113. Vie stern Reserve University (Friedell)



UNCLASSIFIED -3-.

dRfHr-116

ABSTRACT

The ID-50# of the dog is about 300-350 r (200 KV X-rays),

for the rat about 550-600 r. The dog experiences an heparinemia,

the rat does not. Could the difference in sensitivity be due to

the failure of the rat to release heparin?

By the judicious administration of heparin we have reiuced

the W-50% of the rat to that of the dog. While hepatization

increases hemorrhage, it does not change its distribution. Ar

guments are advanced which indicate that heparin is not the pri

mary cause of the difference in sensitivity between the two species.
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THE EFFECT OF HEPARIN UPON THE LD-50% OF THE X-IRRADIATED RAT

Henry I. Kohn and Paul Robinett

Among the mammals., the great differences in sensitivity to ionizing

radiations have not been explained, no doubt because we know so little

about the pathologic physiology of the irradiation injury syndromes. The

recent work of Allen et al (l), however, offers a new possibility in this

connection. They reported that an heparinemia occurs in the dog during the

second week following heavy irradiation (ID-100#, 200 KV, 450 r), that it

is coincident with a remarkable rise in the clotting time as well as other

hemorrhagic manifestations, and that it can be controlled by the adminis

tration of toluidine blue. Now under comparable conditions, the LD-50#

for the rat is about twice that for the dog (Prosser, 4)* Might not this

difference in sensitivity be due to the failure of the injured rat to re

lease heparin?

Several points should be considered in the design and interpretation

of experiments to test this hypothesis (Allen and cs., l) employed an ex

posure of 450 r, which consistently kills all of the animals in about 10

- 14 days, and which for them is 150 r more than the W~50%. No report

is given as to the extent of heparinemia at the LD-50$, Prosser U), in

his review of the Argonne Laboratory data, states that the clotting time

may be doubled at 200 r and abovej presumably the changes are not great

at or under the LD-50%. As matters stand at present, then, markedly pro

longed clotting times occur in dogs subjected to more than the ID~50#,

after the lapse of one week or morej the r-dosage for this effect, however,

is only three-quarters of that equivalent to the LD-50$ in the rat.

As to the site of hemorrhage in the dog, Allen and cs (1), state that

at 450 r the mouth, soles of the feet and subcutaneous tissues of the sides
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sites most likely subject to trauma - bleed first. Later there may be bleeding

from the rectum, vagina and urinary tract. Autopsy reveals hemorrhage along

the G. I. tract, especially in the colon and the proximal 4/5 of the stomach;

the heart muscle, especially along the coronaries, is frequently involved, as

are the parietal pleura, diaphragm, and lungs. Field and Rekers (3) found

at the W-50% (350 r) "generalized purpura and petechiae formation, intra-

pulmonary, gastric and intestional hemorrhage". Curiously, they state that

less hemorrhage was seen at doses higher than at the W-50%, This distribution

of hemorrhage is somewhat different from that seen in the rat (see below).

METHODS

The animals were caged either individually or in pairs, and were fed

Purina dog checkers and water ad libitum. The various groups in a given

experiment were arranged to have the same average weight.

For irradiation, they were exposed in a small box, divided into individual

stalls, with athin lucite top. The exposure box was placed on a scatter block

of masonite (10» x 10" x 4"). The source of irradiation was a G. E. Maximar

outfit, run at 250 K.V., 15 ma., with intrinsic filtration of 0.4 nun. of Cu.

and delivering approximately 40 r per minute at the exposure box. The exposures

given in the tables are based on the readings of aVictoreen thimble chamber

placed on the floor of the exposure box and therefore include the back-scatter.

At the same level in air the reading would be only 70 per cent as great.

Clotting times were determined by a moist chamber method. The tail was

warmed in water of 46° C. for about 15 seconds, wiped dry, and the tip cut off.

After discarding the first drop or two, a drop was placed, on a clean glass

slide, which was then placed in a small moist chamber. The presence of coag

ulation was determined from time to time by briefly probing the drop with a
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needle. Five to 10 minutes was the normal clotting tine by this method.

Heparinized animals can have blood which does not clot in 10 hours, or more.

The heparin used was the sodium salt (Upjohn), 1,000 units per mgm.

EXPERIMENTS

Experiments were done with hooded (Tumblebrook Farm) and albino (Sprague-

Dawley) rats. The general plan of all the experiments was the same. Two

series were employed, one usually injected with saline i.p., the other with

heparin. In each series, groups of about 10 animals were exposed to varying

amounts of X-rays. The injections were begun on about the 6th day after

irradiation and were continued 5 to 10 days.

Clotting Times. We have found no change in the clotting times following

irradiation. For example, 5hooded and 5albino rats were exposed to 1,000

rand 1,250 r. Clotting was evident within 5-10 minutes, as in the normal
animal. All of these animals died within 5days of exposure, which was 125 -

150 per cent of the LD~50$. Such animals, of course, are dehydrated, and

the blood does not flow freoly from the tail. This complication renders the

determinations less accurate. We know from our experience with heparin,

however, that the clotting time can be prolonged for hours, and we therefore

feel that the present result indicates that the change, in clotting time in

the rat must be small, if it exists, compared to what has been reported in the

dog.
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Hooded Tumblebrook Strain. Preliminary trials indicated that in a 150

gram rat, 1mgm. of heparin i.p. prolonged the clotting time for about 3hours,
2mgm. for about 7, and 5mgm. for about 24. The first two experiments failed
because the heparin dosage was sufficiently large to kill anumber of the un

irradiated controls. It was concluded that 3mgm. of heparin b.i.d. could not
be tolerated by the female hooded rat. Athird experiment, summarized in Table
I, involved adosage of 2mgm. of heparin once aday and suggested that heparin
can reduce the LD-505&, though in this case the reduction was only about 50 r.

The injection per se of saline into the controls did not change the LD~50£,
when compared to previously obtained data.

The animals which died in the first two experiments (involving more than

100 animals) were autopsied. The gross findings wore affected by heparin in

only one respect, namely, the production of hemorrhage in the abdominal wall,
and usually in the peritoneal cavity, at the sites of injection.

Albino Sttraeue-Dawley Strain. The results with the hooded animals suggested

that lower dosages of heparin should be employed, and it was also thought ad

visable to try another strain. Clotting times showed that in the Sprague-Dawley

male, of 275 -325 grams, 2or 3mgm. of heparin i.p. will render the blood
practically incoagulcbB for several hours. Four hours after injection the
clotting time will be 30 -45 minutes, and this will fall to the normal range

of 5-10 minutes at 6 hours. The injection of 2 mgm. in the morning and 3 mgm.

in the afternoon allows complete recovery between injections, and additional

tests showed no cumulative effect. This dosage of 15 mgm. per kilo per day,

which in the rat prolongs the clotting time for 8-10 hours, would probably be

twice as effective in man. Little is known about the metabolism of heparin}

Astrup (2) was able to recover only about 10 per cent from the urine of patients

receiving the drug intravenously.

The rasulte of the first experiment are given in Table II, where it is
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Table I

v.ff^.t of Heparin Tfoon the X-ray Tolerance of the Hoodepat

The animals were exposed on Day 0, and were injected on Days 7through

14 with 2 mgm. of heparin i.p., or with saline. Ifeight: males, 200-250

grams| females, 175-200 grams.

Exposure* Treatment Sex 1 Survivors on day

r 0 j 6 14 j 18 Percent

0 H F 9 9 9 9 100

450 S

H M

4

8

4

8

4

7

4

7

100

88

550 S

H

M

M

7

7

7

6

7

6

6

5

86

72

650 S

H

M

M

8

8

8

8

5

3

5

3

63

38

* Includes backscatter. Mr dose equals 70 per cent,
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Table II

Heparin and the X-ray Tolerence of the Sprague-Dawley Rat

The mean weight of each group (males) varied from 319 to 324 grams,

with standard deviations between 26 and 40. The animals were exposed on Day 0

and were injected on Days 6 through 10. Of each heparin group, 5 received

3 mgm. b.i.d., the others 5 mgm. b.i.d. The difference in dosage made no

difference and both are recorded together. The control series was not injected.

t

Exposure* Series Survivors on day •';

r

0 6 11 14

ILJ^l^-J^. || ||||

28 !

0 Heparin 10 10 10 10

i

10

700 10 10 1 0 0

800 9 9 0 0 0

900 10 8 0 0 0

700 Control 10 10 9 7 7

800 10 10 3 3 3

900 10 8 1 1
i
i

1

* Includes backscatter. Air dose equals 70 per cent.
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obvious that the LD-50$ has been reduced by heparin from 750 r to well under

700 r, and perhaps very much lower. The data of the second experiment in Table

III shows that heparin reduced the W-50% from 800 r to 500 r.

The autopsy findings are summarized in Table IV, The animals listed were

those dying during the first 11 days of the experiment, ifi e.. during the period

of heparin administration. Five autopsies were lost in the first experiment,

none in the second. The positive findings of the table have the following

significance: mouth, minimal or moderate signs of hemorrhage at the gingival

margins; nose, from minimal signs to occasional blood caked whiskers; eves,

crusting of pigment along the lids; anus, signs of black stools; G.I, tract.

plainly evident signs of gross hemorrhage anywhere from stomach to colon; skin.

50 or more petechiae in the under surface of the skin of the abdomen and back

(extensive hemorrhage was never seen independent of the sites of injection).

Hemorrhage at the site of injection of heparin (but not of other injections),

both subcutaneous and intramuscular, was present to a greater or lesser degree

in 95 per cent of the cases, and is not listed in the table. Neither is hemor

rhage within the abdominal cavity listed: it was much less frequent.

Retroperitoneal hemorrhage was noted in 45 per cent of the cases of the

second experiment, heparin series, but never in the controls. It generally

began in the region of the bifurcation of the acrta and spread upwards, especially

on the left, sometimes as far as the kidney. Half of these animals also showed

some hemorrhage in the seminal vesicle or in the neighborhood of the vas deferens.

Two cases of the second experiment, heparin series, both of which died

after the first day of injection, were not included in the tabulation because

it was probable that they bled to death as a result of a traumatic injection

(one had received no irradiation).

Eight brains were examined in the heparin series each showing several

petechial hemorrhages. The meninges showed some injection
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. Table III

Heparin and the X-ray Tolerance of the Sprague-Dawley Rat

The mean weight of each group (males) varied from 275 - 277 grams,

with standard deviations between 14 and 33. The animals were exposed on

Day 0, and the heparin series received 2 mgm. each morning and 3 mgm. each

afternoon on Days 6 through 10.

Exposure*

r

Series Survivors on day

0 6 11 14 22

0 Heparin 8 8 7 7 7

350 8 8 6 3 8

450 10 10 6 6 6

550 10 10 2 2 2

650 10 10 0 0 0

700 Control 10 10 9 8 8

800 10 10 6 5 4

* Includes backscatter. Air dose equals 70 per cent.
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Table IV

Positive Findings at Autopsy in Sprague-Dawley Rats

Experiment Series

i

No. Percental?e

Mouth Nose Eyes Anus G.I.Tract Skin

1 Control 13 77 62 54 31 100 31

Heparin 29 21 41 41 35 90 10

2 Control 5 40 60 80 20 100 20

Heparin

J

21*

,, 1

13 27 13 95 100 5

* Two are not included, but are discussed separately in the text.
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but hemorrhage was not striking. The voluntary musculature, the adrenals,

and the bladder (invariably filled with urine) were consistently negative.

The liver was striking only because of its pallor. The lungs were not

remarkable when the positive and general controls (of past experience) were

considered.

The principal positive findings are listed in Table IV, where it may

be seen that the G. I. tract is by far the most prominent. Grossly, hemorrhage

into the stomach, which appears distended and blue, is in some ways the most

characteristic sign. The petechiae and small hemorrhages are confined to the

glandular portion, and often appear disproportionately small compared to the

amount of blood present. Occasionally the wall of the cecum shows hemorrhage.

The contents of the intestines are variously colored from black to red. The

regional nodes are red or black, and are swollen.

All in all, there is no obvious difference in the distribution of hemorrhage

between the heparin and control animals, except retroperitoneal^ on the dorsal

wall. In general, the heparin animals tend to die a little sooner, and conse

quently the frequency of hemorrhage outside of the G. I. tract is somewhat less.

DISCUSSION

By the judicious use of heparin, the W~50% of the rat has been reduced by

about 1/3, and it is possible that further trials could increase this figure.
Measured in air, this brings the W-50% of our albino rats from about 550 r

to about 350 r; the latter figure is the W-50% for the dog.

We do not think then, that heparin is the decisive factor which distinguishes

the reaction of the dog from that of the rat. In the first place, the distri

bution of hemorrhage in the heparinized rat is essentially unchanged. What has

occurred is more of the original type of hemorrhage, plus that in the body wall

at the sites of injection. The net effect is to place an added stress upon a
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critically injured organism. The distribution of hemorrhage in the rat, there

fore, is a direct reflection of the local injury; latent injuries requiring

heparin for their development are not grossly important.

In the second place, the administration of toluidine blue to the irradiated

dog, according to Allen et al (l), dramatically diminishes hemorrhage, but

does not change the fact that 450 r is an LD-100$ exposurej Although the

final interpretation of this experiment must await further details, it appears

now that the dog protected against circulating heparin continues to be more

sensitive than the rat.
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