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Hematologic Response of Monkeys to N-irradiation.' (26008) 

Previous reports from this institution have 
described pathologyi 1 ) and antibody re- 
sponse( 2 ) in monkeys following total bod!. 
x-irradiation. As part of the over-all project. 
the effect of irradiation on the peripheral 
blood picture was also studied. >lost inves- 
tigations into the effect of total body x-irradi- 
ation on cellular elements of the blood have 
been conducted in subprimate species. In the 
relatively few studies( 3-5) concerned with 
monkeys, varying dose levels and schedules 
have been employed. This report describes 
hematologic response of monkeys following 
a single total-body exposure to 450 r. 

Nntwictls and mcthods. A total of 37 
young adult monkeys ( l f 5 - 3  years old. Mu- 
coca mulat to)  received total body irradiation 
with 450 r by a previously described method 
(1) .  Group I1 (18 monkeys) was irradiated 
6 months after Group I (19 monkeys). Seven 
control monkeys were handled in an identical 
manner, but received no irradiation. Blood 
counts done from ear lobes were obtained 4-5 
times over a 2-week base-line period, and then 
a t  2 ,  4, 10 and 12 days after irradiation: sub- 
sequent counts were then made twice weekl!- 
for 2 months and weekly u p  to 6 months. He- 
moglobin content was determined with a 
Leitz-Rouy Photrometer. Differential counts 
were made of 200 cells stained with Wright's 
stain. 

Results. The effect of irradiation in the 37 
monkeys was first reflected by the leukocytes, 
which were depressed significantly at 2 days. 
markedly at  4 days, and maximally between 

* Supported by Nat. Inst. Health grant. 

10-17 days (Fig. 1 ) .  At the latter intervals, 
mean leukocyte count was only 5 %  of base- 
line level. Beginning recovery of leukocytes, 
noted a t  19 days, was followed by a marked 
leukocytosis in 1 7  of 37 monkeys between 4 
and 7 weeks post-irradiation. Recovery oc- 
curred at  variable rates in the remaining ani- 
mals, the low mean leukocyte count at 60 days 
reflecting the fact that half the animals had 
not attained base-line levels. By 3 months 
mean leukocyte count had returned to pre- 
irradiation level. 

The effect of irradiation oa erythrocytes 
( Fig. 1 )  was noted later and to a less marked 
degree than the effect on leukocytes. Eryth- 
rocytes were not significantly decreased at 2 
and 4 days. and lowest levels were not reached 
until 17- 19 days post-irradiation, a t  which 
time mean count was about half pre-irradia- 
tioii value. Beginning recovery a t  about 4 
weeks was followed by a gradual increase to 
base-line level a t  about 3% months. In  gen- 
eral, depression and recovery of hemoglobin 
paralleled that for erythrocytes. A gradual 
decline in hemoglobin concentration was 
noted in control, non-irradiated monkeys, but 
all other elements remained stable during the 
observation period. 

The  effect of irradiation on differential leu- 
kocyte count in 18 monkeys (Group 11) is 
presented in Table I, with data on erythro- 
cytes included for comparisoln purposes. 
Lymphocytes showed early reflection of ir- 
radiation with a rapid decline noted by the 
second day and a mean level of only 9% olf 
base-line a t  12 days. Gradual recovery be- 
gan about the 20th day, with return to pre- 
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‘L1*4BLE 1. Mean Erythrocyte a ~ t c l  Leukocyte Counls ill 18 Monkeys ((frotip 11 ;) a f t e r  a Siiiglv 1)ose of‘ 
450 r. 

Days Erythrocytes leukocytcs Neutrophiles cptes Eosinopliilc~s philes cytes 
after 
i n a d .  x 10d S.z>.A x 10:’ S.D. x l o 3  s.rx x l o 8  S.u. x 1 O Y  S.D. .--X 10*----, 

Total Lymplio- B:~so- Mono- 

0 
2 
4 

10 
12 
17 
19 
23 
26 
31 
3 3 
3 8 
4 0 
45 
4 i  
52 
54 
60 
65 
- r  
I 

5.2 .7 
4.9 .8 
4.7 .8 
-1.1 .8 
3.7 .9 
3.2 1.1 
3.3 1.0 
3.6 1.0 
3.6 .9 
4.1 1.0 
4.2 .6 
4.4 .ti 
4.4 .7 
4.7 .8 
4.7 .6 
4.9 .li 
4.6 .ci 
5.1 .7 
4.9 .5 
3.1 .5 

14.8 5.2 
.5.%5 2.6 
4.4 3.2 
1.0 .5 
.9 .(i 

1.4 .9 
3.8 3.6 

14.4 9.6 
17.7 12.0 
16.6 7.5 
15.7 6.8 
22.4 8.7 
26.3 8.3 
20.4 7.4 
17.2 6.3 
14.7 5.6 
11.0 2.5 
12.63 1.5 
11.8 2.6 
13.8 9.1 

6.5 4.1 7.0 1.8 
4.4 2.6 1.0 .5 
3.5 2.1 .8 .3  

.3 2 .i .1 

.- ’> .I! .7 .li 

.3 .8 .8 .i 
1.9 2.3 1.7 1 . 7  

10.0 8.1 4.3 1.9 
12.9 10.0 4.7 2.4 
12.5 7.2 3.1 1.2 
10.2 6.5 3.9 1.4 
13.1 5.8 3.7 1.4 
13.4 7.1 4.6 2.0 
11.0 4.7 4.0 1.9 
10.2 4.3 3.1 1.2 
8.6 4.0 3.8 1.7 
5.1 2.1 3.8 1.2 
7.1 5.4 4.2 2.3 
5.6 3.0 4.i 4.0 

6.4 3.2 < I . (  4.6 - c  

.8 .5 

.I .I! 

.1 .1 
0 -- 

0 -- 
0 -- 
0 -  

.1 .1 

.I .1 

.8 1.4 
1.4 2.3 
3.3 7.6 
7.8 6.9 
3.1 4.3 
3.7 1.1 
2.1 2.0 
2.1 1.5 
1.1 1.0 
1.3 .9 
1.5 1.1 

.Mi .48 

.Of! .03 

.o 1 .03 

.oo .00 

.uo .00 

.n 1 .00 
- 0 1  .05 
.oo .03 
.04 .10 
.013 . I6  
.14 .05 
.11 .24 
.32 . Y O  
.0!3 2 1  
.03 .15 
.06 .15 
.oo .n3 
.n4 .is 
*oo .22 
.04 .1ci 

irradiation levels a t  about 2% months. Neu- 
trophiles were affected less proimptly but more 
severely with the greatest depression to! 3% 
of base-line level noted a t  12 days. Recovery 
of neutrophiles paralleled the pattern de- 
scribed above in reference to total leukocytes 
(Fig. 1) .  Ten of 18 monkeys exhibited an 
increase in neutrophiles to at  least twice base- 
line level between 24 and 47 days post-irra- 
diation. Eosinophiles were essentially absent 
from the 4th to 26th post-irradiation days. 
Beginning recovery, noted at  31 days, was 
followed by definite eosinophilia in 12 of 18 
monkeys. In monkeys not showing eosino- 
philia counts rose erratically to base-line level 
a t  about 2 months, Monocytes and basophiles 
were depressed to lowest levels from 10-17 
days post-irradiation. Rate of recovery was 
variable and pre-i r radia t ion values were 
reached at approsiniately 2 months. 

Fig. 1 and Table I present data on both 
survivors and non-survivors since no differ- 
ences were observed. Eleven of 37 monkeys 
died during the course of the study and all 
showed typical signs of radiation sickness. 
Three exhibited definite signs of recovery, he- 
matologically, before death. One had a 
marked leukocytosis (45,000) just prior to 

death at  31 days post-irradiation, and in one 
monkey, total leukocyte count rernained at  
very low levels until death at  96 days. This 
monkey was the only one in which hematolo- 
gic findings were not similar to; those observed 
in survivors. 

Results of the present study 
are much like those obtained by other work- 
ers (3-S), but minor differences, possibly dose 
or dose-rate dependent are evident. The pat- 
tern of the late eosincphilia seen in our mon- 
keys after 450 r (23 I per minute) was similar 
to that described by Eldred(3) in monkeys 

Discussiorz. 
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given 550-600 r (13.7 r per minute) in a sin- 
gle session. The depression of all cellular ele- 
ments was more severe in our series than in 
that of Riopelle, Ades and Morgan(4) who 
irradiated 3 monkeys with 350 r ( 17 r per 
minute). Our results show certain marked 
similarities to those of Haigh and Paterson 
(5) whc irradiated 50 monkeys with 260 r .  
25 with 500-550 I ,  and 11 nith 600 r (all a t  
3 r per minute) The effect of 450 r on 
er y t h roc y t es . e o s i no p h i 1 es a n d 1 y m p hoc y t es i n 
our  monkeys wai  much like that observed 
after their intermediate dose. 500-550 r. The 
response of neutrophiles was also similar e\- 
cept that the secondary elevation appeared to 
begin earlier in  cur study. Haigh and l'ater- 
son ( 5 ) observed peak neutrophile counts on 
the 26th and 41st days after 500-550 r. and 
attributed this phenomenon to "a consistent 
and exact duration of inhibition of precursor 
cells. related to dose." An almost identical 
picture was observed in our nionkej,s in that 
pesk neutrophile and total leukocyte count< 
were seen consistently on the 26th and 30th 
day? after 350 r ('Table I ) .  The secondar!. 

elevation of monocytes to supernormal levels 
observed by Haigh and Paterson( 5 )  was not 
noted in our series. 

S z m m a r y .  Total body x-irradiation of 
monkeys with 450 r resulted in significant de- 
pression of leukocytes as early as second day 
with maximal effect noted between 10-17 
(lays. Erythrocytes were affected a t  a later 
interval with maximum depression at 17-19 
days post-irradiation. Recovery of leukocytes 
and erythrocytes to normal levels was olb- 
served between 3-3 '.6 months. 

\\.e are  inc!ehted to  Jcann Sparks, Marilyn Fisher, 
a n d  Egon Sc asal for technical assistance. 
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Electrophoretic Fractionation of H,,-Binders in Gastric Juice froin Patients 
with Pernicious Anemia and from Controls.% (26009) 

The intrinsic factor (1.12.) of gastric juice 
has not been chemically isolated. There is 
some evidence that i t  may be associated with 
BI2-binding ( 1-4),  although several BI2-bind- 
ers without T.F. activity have been isolated 
(5-S ) .  as have substances with high T.F. ac- 
tivity and a remarkably low B,,-binding ca- 
pacity(9,lO). However. whether or not I.F. 
actually binds Vit. B I Z ,  i t  seems to be inti- 
mately associated with a B12-binder in gastric 
juice(4), which may accordingly be used to 
trace I T .  The present study cornpares BI2- 
binders in gastric juice from pernicious ane- 
mia patients with those from controls. 

*Cooperation of Drs. B. Olhagen and P. Reizen- 
stein is gratefully acknowledged. Supported in part 
by Merck and Co. 

X r t h o d s .  H u m a n  gastric juice was col- 
lected by a previously described method, with 
iu v i m  neutralization of the acid juice to pre- 
vent peptic autodigestion( 11). Precautions 
were taken to avoid extragastric contami- 
nants. The fasting secretion as well as the 
histamine, carbamylcholine chloride, and in- 
sulin-stimulated secretions were investigated. 
Within 3 hours after collection, Bl2CoP0 was 
added to the juice. In some cases total BIZ- 
binding capacity of gastric juice was esti- 
mated by a dialysis technic( 12) .  In  these 
cases, amount of Vit. BIZ added for electro- 
phoresis is expressed as percent of total bind- 
ing capacity (Tables I, 11). Fdlo~wing con- 
centratioin and ultrafiltration through collo- 
dion membrane for about 24 hours at -+-4"C, 


