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into normal monkeys but did not cause any 
other change in the peripheral blood count. 
Normal serum had no significant effect on the 
reticulocyte count or peripheral blood count. 
The reticulocyte count rose to approximately 
3 times the normal values. This corresponds 
very closely to the relative increase observed 
in rabbits receiving +*anemic” rabbit serum 
( 5 ) .  Due to the crude semiquantitative tech- 
nic and the small number of animals used it 
is impossible to evaluate the effect of freezing 
or refrigeration on the activity of “anemic” 
serum. However, the activity is not destroyed 
by these procedures. The above mentioned 
limitations also make impossible an evaluation 
of the effect of age of serum and of dosage on 
the reticulocyte response. 

This experiment was designed to investigate 
the possible presence in the serum of anemic 
primates of a humoral factor capable of stim- 
ulating red cell production similar to the fac- 
tor demonstrated in “anemic” rabbit plasma. 

The findings reported here strongly suggest 
that this is the case. 

Szcmmary. Serum from monkeys made 
anemic by bleeding induced a significant retic- 
ulocytosis when large amounts (from 6 to 
10% of the body weight) were infused into 
normal monkeys. Serum from normal mon- 
keys did not have a similar effect. 
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Effect of Chemical Agents on Skeletal Content and Excretion of Injected 
Strontiums9.* (20414) 

S. H. COHN, AND J. K. GONG. (Introduced by R. W. Brauer) 
Front the I;. S .  ,Vaval Radiological Defense Laboratory, Sun Francisco, Calif. 

I t  has been previously demonstrated ( 1 ) 
that administration of the sodium and calcium 
salts of ethylene diamine tetra-acetic acid 
(EDTA) results in the removal of substantial 
amounts of bone-fixed radioyttrium from rats. 
Removal effectively reduces the chronic radia- 
tion hazard associated with the internal de- 
position of this biologically long-lived fission 
product. Pretreatment of rats with the salts 
of EDTA also essentially prevented the de- 
position in bone of subsequently injected 
radioyttrium( 1). The salts of EDTA are 
effective decontaminants because they are 

* The authors acknowledge the technical assistance 
of P. L. Moon and H. R. Gleason. The opinions 
or assertions contained herein are the private ones 
of the authors and not to be construed as official 
or reflecting the views of the Kavy Department or 
the Naval Service at hrge. 

strong chelating agents which form a soluble 
undissociated complex with yttrium that is 
readily excreted through the kidney. Another 
chemical compound, zirconium citrate, has 
previously been found effective in reducing the 
skeletal concentration of yttrium and pluton- 
ium and in increasing their urinary excretion 
(2-4). Zirconium citrate also has a limited 
ability to increase strontium excretion from 
the body, if injected soon after the administra- 
tion of the radioelement (5). The chemical 
agent, 2,3-dimercaptopropanol, (BAL) has 
been shown to increase the excretion of pol- 
onium and to mobilize it from bone into 
muscle tissue (6). 

The object of the present experiment is to 
attempt the removal of injected radiostron- 
tium from the bodies of rats by administration 
of the salts of EDTA, zirconium citrate, and 
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TABLE I. Experimental Outline. 

Sacrifice time 
Time of treatment post-Srm ad- 

Part of No. of Chemical agent used with reference to ministration 
study rats in treatment Sr" administration (day) 

I 10 

10 
I1 5 

9 
8 

10 
I11 7 

14 

14 

NaEDTA (10 mg) followed 
in 15 min. by CaE,DTA (50 
mg) 

None (controls) 
Zirconium citrate (25 mg 

Zr) , see gchubert (2) 
ident 
idefrt 

None (controls) 
BAL (0.04 ml of 10% sol. 

in peanut oil) followed in 
30 min. by NaEDTA (I0 
mg) and OaEDT'A (50 
mg) 

Zirconium citrate (25 mg 
Zr) , f>ollo,wed in 2 hr by 
NaEDTA (10 mg) and 
CaEDTA (50 mg) 

None (controls) 

One hr before 

- 
One hr before 

)) )) after 

for 3 days after 
15 min. before and twice daily 

- 
BAL given 15 min. before, fol- 

lowed by BDTA salts and 
both given twice daily for 
3 days after 

Zirconium citrate given 1 hr be- 
fore, fol1,owed by EDTA salts, 
then both given twice daily 
for 3 days 

BAL. BAL was used in combination with 
EDTA in this study in an attempt to remove 
bone-fixed radiostrontium. Strontium was 
selected as the radioactive material to be re- 
moved because of its high fission yield (7) and 
further, because it is a prototype of a large 
number of fission products, the alkaline earths. 

Experimental. The experiment was per- 
formed in 3 parts, using Sprague-Dawley rats 
as test animals. All the rats were injected 
with 15 pc of carrier-free Sf19C12 and treated 
with various chemical agents as indicated in 
Table I. All injections were administered by 
the intraperitoneal route with the exception of 
BAL, which was given intramuscularly. Ani- 
mals were kept in individual metabolism cages 
and fed ad libitum with Purina laboratory 
chow. The metabolism cages were suspended 
in large glass jars and the excreta collected in 
plastic bags fitted over the bottom of the cage. 
All animals were sacrificed a t  intervals of 
either 3 or 5 days as indicated in Table I. 
Both tibiae were removed, ashed, weighed, 
and dissolved in 1 N HCl. Aliquots were 
analyzed for their S$s content by use of a 
Geiger-Muller counter and standard scaling 
circuit, in a manner previously described( 1). 
Excreta for each animal were ashed, dissolved 

in 1 N HCl, and analyzed similarly. 
Results and discussion. Part I .  No sig- 

nificant differences were found between the 
mean valuessof the body weight and tibia ash 
weight in the EDTA treated and control 
groups. It was observed that pretreatment 
with EDTA salts did not prevent injected 
S1.89 from depositing in bone, as these treated 
animals had the same level of bone Sf19 as 
did the controls. The mean strontium content 
of both the tibiae of the control and EDTA- 
treated animals 3 days post-Sflg injection was 
equal to 1.59% of the injected dose. From 
these data, an estimate of the total skeletal 
S F  content was calculated by using a factor 
of 27 as the ratio of total skeletal Sf19 content 
to the Srss content of one tibia. This method 
was described in a previous study( 1). The 
mean percentage injected dose in the skeleton 
was 42.9 +- 5.2% in the control group and 
42.7 -C 3.5% in the pretreated group 3 days 
p0st-S1.8~ injection. In  previous experiments 
(1) it had been found that injection of EDTA 
prior to injection of the fission product Ugl 
is the most effective time for EDTA adminis- 
tration as far as ionic complexing ability is 
concerned. Thus, even in the most favorable 
situation, the salts of EDTA were without 
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FIG. 1. Effect of zirconiuni citrate on skeletal 
content aiicl escretioii of injected racliostrontium. 

effect on the skeletal content of radiostron- 
tium. This could have been predicted largely 
on the basis that the stability constant of the 
strontium-EDTA complex at  pH 7.4 is lower 
than that for the complex formed with the 
biologically competitive calcium ion (8). 

Part 11. The effects of zirconium citrate on 
the skeletal content and excretion of injected 
radiostrontium are presented in Fig. 1. In 
the animals pretreated with zirconium citrate 
and then injected one hour later with radio- 
strontium, the mean percentage injected dose 
of SrSg in the skeleton after 5 days was 36.2% 
as compared with 61.1% for the untreated 
controls. The higher skeletal SrS9 content 
found in these controls as compared with that 
in Part I, is probably due to a difference in 
the age of the animals. It has been shown by 

Jones(9) that the uptake of injected Srss is 
an inverse function of age. The rats used in 
Parts I and I11 were mature animals 5 months 
old: the animals used in Part I1 were approxi- 
mately 3 months old. Pretreatment in this 
experiment resulted in a skeletal Srs9 content 
60% of that of the controls at 5 days post- 
Srsv injection. Further, an enhanced Srs9 
excretion of about 40% was observed when 
comparison was made with the Srsg excretion 
of their controls. It is to be noted that the 
skeletal plus the excreta SrS9 content accounts 
for 957% of the total injected dose 5 days after 
SrSg injection. It can, therefore? be concluded 
that most of the increased excretion was de- 
rived from that fraction of the injected SrSg 
which would have ordinarily been fixed by the 
skeletal system. 

In the animals treated with zirconium cit- 
rate one hour post-Sf19 injection, there was a 
less marked decrease in the skeletal Srsg con- 
tent (20%) and a smaller increase in SrSg 
excretion than observed in the pretreated ani- 
mals. In  the animals pretreated with zircon- 
ium citrate and treated in addition twice daily 
for 3 days, the skeletal SrSg was only slightly 
lower (56% of controls) than in the one- 
hour pretreated group. It would appear, there- 
fore, that the effect of zirconium citrate in 
complexing and removing the Srs9 from the 
body is greatest when the zirconium citrate is 
administered before SrS9 injection. Continued 
injection of zirconium citrate for 3 days did 
not increase the excretion of SrS9 appreciably. 

Strontium is chemically and metabolically 
very similar to calcium and is deposited in the 
bone salt, in contrast to yttrium which is de- 
posited primarily in the uncalcified organic 
matrix of bone ( 10, l l )  . Conditions which 
affect the metabolism of yttrium do not appear 
to influence the metabolism of strontium (9). 
Thus, as Schubert(2) points out, one would 
not necessarily expect zirconium administra- 
tion (found to influence the metabolism of 
yttrium) to greatly affect the metabolism of 
bone-fixed strontium. Schubert did find, how- 
ever, that after strontium uptake by bone is 
complete, the administration of zirconium 
citrate can apparently remove a small portion 
of the strontium from the body(5). The 
principal action of the zirconate complex is 
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etal content and excretion of injected radiostron- 
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then largely on that fraction of injected Srsg 
deposited in the soft tissue. The fact that pre- 
treatment with zirconium did have an effect 
on the disposition of subsequently injected 
strontium may possibly be explained in the 
following manner. Uptake of small amounts 
of strontium by bone is usually interpreted as 
a result of adsorption or ionic exchange( 1 2 ) .  
If injected zirconium citrate is adsorbed on 
the surface of bone salt crystals, so that free 
surface-bonds are saturated, the subsequently 
injected strontium would not be fixed by the 
bone and would then be excreted. This same 
explanation would hold for the animals treated 
with zirconium citrate a t  one hour after stron- 
tium injection. At one hour post-intraperi- 
toneal injection, strontium is still largely in 
the blood and soft tissue. 

Part 111. The results of EDTA treatment 

used in combination with zirconium citrate 
and with BAL are presented in Fig. 2. Treat- 
ment with BAL prior to sodium and calcium 
EDTA administration had no significant effect 
on the skeletal Sf19 or on the amount found in 
the excreta 5 days post-Srsg injection. The 
total percentage recovery of the injected dose 
in the experimental animals was somewhat 
lower than that found in the controls. The 
rationale for pretreatment with BAL was the 
observation that BAL is able to shift polonium 
from the skeleton to the soft tissue(6). It is 
apparent that BAL does not have this ability 
to shift strontium from the bone to the soft 
tissues where it would be available for com- 
plexing with administered EDTA salts. 

If the removal of strontium from the skele- 
ton following the combined administration of 
EDTA and zirconium citrate is compared with 
the results of the experiment in which zir- 
conium citrate alone was administered, it is 
seen that the combined use not only fails to 
enhance the effect of zirconium citrate, but on 
the contrary lowers it. This latter effect may 
be due to the complexing of zirconium by 
EDTA with subsequent removal from the 
body. 

I t  can be concluded, then, that the salts of 
EDTA administered before or after SF9 in- 
jection, either alone or in combination with 
zirconium citrate or BAL, have no effect on 
the Srsg content in the skeleton or on the con- 
comitant S+g excretion. 

Summary. 1. The effect of chemical agents 
ethylene diamine tetra-acetic acid (EDTA) 
and zirconium citrate on skeletal content and 
excretion of injected radiostrontium was stud- 
ied in rats. BAL was also administered in 
combination with EDTA in an effort to in- 
crease the excretion of injected strontium. 2. 
Administration of salts of EDTA under the 
most favorable conditions for its action had no 
effect on skeletal distribution of injected car- 
rier-free s ~ ? ~ .  Zirconium citrate administrated 
prior to injection of Srsg resulted in a level of 
Srs9 in the skeleton at 5 days 40% lower than 
that found in controls. A corresponding in- 
crease in S F  excretion was also noted. Com- 
bined administration of EDTA with zirconium 
citrate and with BAL are without effect on 
skeletal distribution of injected S F .  Possible 
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explanations for the effect of the various chemi- 
cal agents employed are discussed. 
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Safety of Immune S e r u m  Globulin with Respect ta Homologous S e r u m  
Hepa ti tis." (20415) 

RODERICK MURRAY AND FRANK RATNER (Introduced by S. E. Branham) 
From the Laboratory of Biologics Control, A'ational Microbiological Institute, Xational Institutes 
of Health, Public Health Service, U. S .  Department of Health, Education, and Welfare, Bethesda, M d .  

Immune serum globulin is prepared com- 
mercially a t  the present time by two general 
processes: (a) salting-out, e.g., by means of 
ammonium sulphate, and (b) by the cold- 
ethanol process( 1,2) or a variation thereof. 
Blood obtained either by venipuncture or by 
extraction from placentas is used as the source 
material. The Minimum Requirements of the 
iVationa1 Institutes of Health for Immune 
Serum GZobuZin ( 3  ) have stipulated that pools 
consist of a t  least 500 individual contribu- 
tions.+ In view of the fact that approximately 
one individual out of 300 receiving blood 

* This investigation was conducted in part under 
contract from the Office of the Surgeon General, 
Department of the Army, and under the sponsorship 
of bhe Commission on Liver Disease, Armed Forces 
Epidemiological Board. This work was made pos- 
sible through the cooperation of 'the Bureau of 
Prisons, U. S. Department of Justice and of the 
Staff of the U. S. Penitentiary, Lewisburg, Pa. The 
service rendered by the volunteers is gratefully 
acknowledged. 

t -4 recent revision (April 9, 1953) of these Mini- 
mum Requirements has increased the figure to 1,ooO. 
This is also the figure laid down by the Minimum 
Requirements for Poliomyelitis Immune Globulin 
(,4pr. 9, 1953). 

transfusions may develop hepatitis(4-'I), it 
might be expected that many of the pools of 
plasma used in the manufacture of immune 
serum globulin would be infected with the 
agent (s) of homologous serum hepatitis. 
General experience indicates that the inci- 
dence of homologous serum hepatitis following 
administration of immune serum globulin 
must be low. According to Ordman et aZ.(8), 
one of 400 individuals in one series receiving 
immune serum globulin developed jaundice. 
The fact that 74 other children in the series 
received material from the same lot without 
untoward sequelae makes i t  unlikely that the 
immune serum globulin was the cause of the 
hepatitis in this one individual.. During 
1943-44 a follow-up by Janeway of 869 indi- 
viduals who received immune serum globulin 
revealed no cases of jaundice (9). Hammon, 
Coriell, and Stokes, in a follow-up of field 
studies on poliomyelitis in Utah, found that 
immune serum globulin injected into 2,800 
children was not icterogenic ( 10). Material 
prepared by the cold-ethanol method was used 
in these studies. Cockburn ( 1 1 ) has reported 
the development of one case of hepatitis 
among 58 subjects inoculated with immune 
m u m  globulin produced by ether fractiona- 


