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FIG. 1. Averages of blood sugar levels in  4 hepatectomized dogs before and after intravenous 

FIG. 2. Averages of blood sugar levels in 6 eviscerated dog5, before and after intravenous 
administration o€ glucose. 

admini8tration of glucose (experiments of Soskin and "insby) (1). 

appearance of blood-sugar before and after 
the administration of glucose. The findings 
suggest that in hepatectomized animals the 
intravenous injection of glucose stimulates the 

secretion of insulin which accelerates the rate 
of removal of sugar from the blood by tissues 
other than liver. 
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Effect of Early Small Exchange Transfusion on the X-Irradiated Dog.* 
(19029) 

SCOTT N. SWISHER AND FRANK W. FURTH. (Introduced by W. S. McCann.) 
From the Department of Medicine and the Atomic Energy Project, University of Rochester 

School of Medicine and Dentistry. 

During the course of a series of experiments 
on the hemolytic action of ionizing radiation, 
utilizing the technic of differential agglutina- 
tion of erythrocytes in the dog, 4 dogs were 

*This study was aided partially by a contract 
between The University of Rochester and The 
Office of Naval Research, Department of the Navy 
(NR 131-174) and partially under a contract with 
The United States Atomic Energy CiunmisSion at 
The University of Rochester Atomic Energy Pro- 
ject. 

exposed to 450 r whole body X-irradiation. 
Within %-hour after completion of irradiation 
the dogs were rapidly bled of 250 cc and 
transfused with an equal volume of fresh, 
normal, compatible and serologically identi- 
fiable dog blood(1). The results of the 
studies on the fate of the transfused erythro- 
cytes will be reported elsewhere. Although 
the dosage of X-irradiation given these dogs 

1. Swisher, S. N., Izzo, M. J., and Young, L. E., 
unpublished observations. 
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is approximately an LD 70 in athis laboratory, 
none of the 4 animals in the above group died 
o r  became ill with the radiation syndrome. 
The following experiment was designed to 
determine if this procedure of small exchange 
transfusion immediately after irradiation had 
any therapeutic effect on the irradiated dog. 

Methods. Twenty healthy dogs of the 
mixed beagle and mongrel breed weighing 
approximately 20 lb used in this laboratory 
for irradiation studies were paired for sex 
and weight into two groups. The animals had 
been immunized for distemper and had been 
given a vermifuge approximately 6 weeks 
before use. They were kept in separate 
cages and fed a diet of Purina dog chow with 
free access to water both before land during 
the experiment, Control determinations of 
hematocrit, white blood cell count, and platelet 
count were made on blood obtained by jugular 
puncture on each of 3 days of the week prior 
to irradiation. Standard laboratory methods 
were used in all of these determinations. The 
animals to be transfused were typed for pres- 
ence of the canine “A” factor in their erythro- 
cytes as described by Christian, et at!. (2 )  and 
Young, et d ( 3 ) .  Compatible donors were 
then chosen from a donor colony of healthy 
large animals, giving A+ dogs either A+ 
or A- blood, but only A- blood to A- 
recipients. Cross matches of donor’s cells 
and recipient’s serum, and recipient’s cells 
and donor’s serum were carried out in small 
tubes utilizing fresh plasma, and cells sus- 
pended in fresh plasma incubated together 
for 15 minutes a t  room temperature followed 
by centrifugation, as an additional precaution 
against hemolytic transfusion reactions. The 
pairs of animals were then exposed to 550 r 
delivered from a 1 0 0  KVP General Electric 
Industrial X-ray unit operated at 3 ma using 
a lead plano-convex filter, %-inch thick in 
the center. Radiation was delivered at a rate 
of 6.4 r/minute as measured by a Victoreen 
chamber prior to exposure of each pair of 

2. Christian, R. M., Ervin, D. M., and Young, 
L. E., J .  Zmmzcnol., 1951, v66, 3’1. 

3. Young, L. E., O’Brien, W. A., Miller, G., Swish- 
er, S. N., Ervin, D. M., Christian, R. M., and Yuile, 
C. L., Trans. N. Y. Acad. Sci., 1951, Ser. II, v13, 
209. 

animals. Target to skin distance was 38 
inches. Animals were exposed in a standing 
position while confined to the uniform field 
area in a large mesh wire cage. Within 30 
minutes of completion of irradiation, 250 cc 
of blood were removed during a 5- to 10- 
minute period from the animal chosen for 
transfusion, by jugular puncture. Immediate- 
ly after bleeding, the animal was given 250 
cc of whole donor blood by rapid drip into a 
leg vein during a 10- to 15-minute period. 
Donor blood was dawn in 250 cc units from 
1 to 4 hours before use into 40 cc of cold acid 
citrate dextrose blood preservative (ACD ) 
solution in standard Baxter vacuum bottles 
and stored at 4OC until used. A mild shock- 
like picture after bleeding was seen in 2 of 
the 10 animals before transfusion was insti- 
tuted. This was rapidly controlled by trans- 
fusion. In 2 of the animals, mild immediate 
reactions to transfusion occurred. These were 
characterized by restlessness, hyperpnea, 
some instability of gait, and vomiting or retch- 
ing. These findings disappeared within 15 
minutes. Post-transfusion serum samples 
were free of hemolysis, and hemoglobinuria 
was not seen. In our opinion, these reactions 
were not hemolytic in nature but were a 
manifestation of inability of the animal to 
readjust his cardiovascular system to the 
rapid changes in blood‘ volume. From other 
experiments carried out in a similar manner 
on dogs of this size while transfusing sero- 
logically identifiable cells ( 1 ) , it has been 
shown that approximately 15 to 20% of the 
cells in the immediate post-transfusion blood 
specimens are donor cells. Thus it can be 
assumed that approximately that fraction of 
the recipient’s blood volume was replaced 
with donor blood in the present experiment. 
Controls were untreated. Following irradia- 
tion, peripheral blood was obtained from both 
control and transfused animals either several 
hours after irradiation or on the day following 
irradiation and then at 3- or 4-day intervals 
for the same determinations that were ob- 
tained during the pre-irradiation period. 
Animals in both groups were given only stand- 
ard kennel care and subsequent transfusions 
were not administered. #Clinical observations 
were recorded daily on all animals. Animals 
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groups. 
clinically well or became only mildly ill except 

veloped bilateral retrobulbar hemorrhage and 
necrosis of the orbits. Although this animal 

125 PER CENT OF PRE-RADIATION WHITE survived, he was sacrificed 45 days post- 
BLOOD CELL COUNTS irradiation because of this lesion. Autopsy 

revealed no lesion which might be expected to 
cause death. Animals in both groups who 
died became clinically ill 3 to 4 days before 
death. 

Fig. 2 shows the cumulative mortality 
experience, indicating the total number of 

Survivors in both groups remained 

for one surviving transfused animal who de- 

PIG.  1. Graph of awrngc change i n  lieniatocrits, 
white blood cell counts, and ])latelet counts in con- 
trol and transfused groups of aninials. Tliree pre- 
irradiation determina-tions 011 cnc.11 aiiimail were 

awragect for 100% value* for  that aninial. 

that died were autopsied immediately. 
Fig. 1 is a graph of the changes 

in average white cell count, platelet count and 
hematocrit in the two groups. The 3 pre- 
irradiation values for each of these determina- 
tions were averaged for each animal and were 
consideredas the 100% value for that animal. 
Subsequent changes were calculated as per 
cent of this initial value. Fig. 1 shows the 
average of these percentages for the two 
groups. I t  will be seen that there is no signifi- 
cant difference in white cell count or hemato- 
crit between the transfused and control 
groups. Platelet counts were made on only 
four pairs of animals on the first post-irradia- 
tion day. The difference in platelet counts 
observed has been tested statistically and a 
non-significant “t” obtained. Similarly, the 
difference in platelet counts observed 6 weeks 
post-irradiation is not significant because of 
the small number of survivors. Clinical obser- 
vations revealed no difference between the 

Results. 

animals in each group dead on each post- 
irradiation day. Total mortality in the con- 
trol group was 70%, and was 40% in the 
transfused group at the end of 45 days. Cal- 
culation of x2 indicates that there is a 2% 
chance that a difference as great as this could 
be observed if in fact there were no differences 
in the two groups. This is a rather low level 
of reliability and the final significance of the 
observed difference could only be settled by 
an experiment involving larger numbers of 
animals. Survivors were randomly dis- 
tributed among the pairs of animals irradiated 
together. The marked delay of 7 days in 
onset of morbidity and mortality in the trans- 
fused group would seem to be of much more 
significance. Six of the seven control dogs 
who died had succumbed 3 days before the 
first of the transfused animals died. Previous 
experience in this laboratory with similar 
doses of irradiation in similar animals shows 
that in all groups of control animals the 
mortality was largely complete by the 21st 
day, post-irradiation, and in no instance was 
a delay in onset of mortality to the 21st day 
post-irradiation encountered. This difference 
in onset of mortality in the two groups leads 

CUMULATIVE MORTALITY 

CONTROL\ 6 - Y  “1 ,2 i$ 2$;ifmA* 
30 

E 
llKo& DAYS POST- RADIATION 

FIG. 2. Ohart showing total number of animals 
dead on each post-irradiation da.y. 
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us to feel that the observed difference in 
ultimate mortality may well be significant. 

Autopsy disclosed no significant difference 
in cause of death between the dead animals 
of the two groups. All deaths were principally 
due to widespread hemorrhage into all organs. 
Similarly, clinical examination of the survivors 
of the 2 groups at the end of the experiment 
revealed no differences of note. 

Discussion. I t  has recently been shown that 
mortality from ionizing radiation exposure 
can be influenced in a number of ways in 
various species. Jacobson has shown that 
shielding of the spleen during irradiation (4) 
or surgical transfer of normal splenic tissue 
immediately post-irradiation ( 5 ) significantly 
increases the tolerance of mice to X-irradia- 
tion. Allen has observed a similar effect in dogs 
when the head is shielded during irradiation 
( 6 ) .  Salisbury and colleagues demonstrated 
a reduction in mortality in a small number of 
irradiated dogs effected by a single massive 
cross transfusion carried out in the immediate 
post-irradiation period( 7) .  There was no 
apparent delay of onset of mortality in their 
group of cross transfused animals. Brecher 
and Cronkite have observed a decrease in 
mortality in rats in whom parabiosis was 
established after irradiation (8). These ob- 
servations and the data reported here would 
seem to be in accord with the hypothesis that 
early transfer of some cellular or humoral 
factor from a normal to an irradiated animal 
by a variety of means or protecting tissue 
which may contain such a factor during radia- 
tion exposure can beneficially influence the 
subsequent course of the animal’s response 
to radiation injury. Studies thus far reported 
give little indication of the nature of such a 
factor or of its mode of action. I t  may be 
4. Jacobson, L. O., Simmons, E. L., Marks, E. K., 

Robson, M. J., Bethard, W. F., and Gaston, E. O., 
J .  Lab. and Clin. Med., 1950, v35, 746. 

5. Jacobson, L. O., Simmons, E. L., Marks, E. K., 
Gaston, E. O., Robson, M. J., anif Eldredge, J. H., 
J .  Lab. and Clin. Med., 1951, v37, 683. 

- 

6. Allen, J. G., personal communication. 
7. Salisbury, P. F., Rekers, P. E., Millex, J. H., 

and Marti, N. F., Science, 1951, v133, 6. 
8. Brecher, G., and Cronkite, E. P., PROC. SOC. 

EXP. BIOL. AND Mm., 1951, v77, 292. 

hypothesized that this factor acts (1) to 
hasten the onset of repair processes; (2)  to 
inhibit or remove some toxic product pro- 
duced by radiation; (3 )  to minimize the 
ultimate cell damage initiated by irradiation ; 
or (4) to transplant blood forming cells di- 
rectly from donor to recipient (8). The data 
of Jacobson showing a rapid return of marrow 
activity in spleen-protected mice indicate that 
the effect may be to hasten onset of repair 
processes. The data reported here suggest 
that the hypothetical factor concerned may be 
present in whole blood, The present ex-peri- 
ment does not separate the possible beneficial 
effect of bleeding and subsequent transfusion, 
or of the effect of ACD solution received by 
the transfused animals. The lability of such 
an hypothetical factor during storage of the 
blood is likewise not considered. Thus, inter- 
pretation of the mechanisms by which the ob- 
served results occurred must be made with 
these limitations in mind. 

The findings in the present experiment sug- 
gest the feasibility of attempting immediately 
after exposure relatively large exchange trans- 
fusion of fresh blood in humans exposed to 
doses of whole body irradiation in the range 
of high lethality such as might occur with an 
accidental laboratory exposure. It is prob- 
able, however, that with doses appreciably 
above the LD 100 level ultimate mortality 
would not be affected. 

Summary. 1. Immediate removal of 250 
cc of blood and replacement with rn equal 
volume of normal compatible whole blood in 
20 lb dogs given 550 r whole body irradiation 
(expected LD 80) results in a marked delay 
in onset of radiation syndrome and mortality. 
There is a suggestive decrease in ultimate 
mortality as well. 2. No differences in aver- 
age leucocyte count, platelet count, or hemato- 
crit were observed in the two groups, nor were 
there differences in clinical ’ or postmortem 
anatomical findings. 3. The implications of 
these results are discussed. 

The authors are indebted to Drs. Joe Howland 
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for these studies, and to Dr. Arthur M. Dutton for 
statistical aid. 
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