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Only a few publicat ions in modern l i terature discuss the state of the hemopoie t ic  system in animals  at later  
periods after radiat ion sickness [1, 2, 4]. As far as we know, there can be no doubt that the normal iza t ion of the 
severe morphologica l  changes in the blood picture,  changes which develop during the period of manifest  c l i n i ca l  
symptoms of radiat ion sickness, is only of re la t ive  character  [7-10]. This fact deserves par t icular  at tent ion in view 

of the ava i l ab le  data ,  concerning the development  of mal ignant  conditions in thehemopo ie t i c  organs as a f te r -e f fec t  
of radiat ion.  Hence it seems impera t ive  to at t ract  the at tent ion of research workers to the late af ter -ef fec ts  of ex-  

posure to ioniz ing radiat ion.  

In the present paper we carr ied out systematic  studies of the per ipheral  blood and the bone marrow during the 
acute  period of  the  radiat ion sickness as wel l  as after the c l i n i ca l  recovery of the animals.  

E X P E R I M E N T A L  M E T H O D  
The experiments  were carr ied out on 464 rats which were exposed to x-rays in a dose of 500 r under the follow- 

ing condit ions:  RUM-3 apparatus, Potential  180 kv; current strnegth 20 ma; filters 0 . 5 m m  Cu and 0 . 5 m m  A1; capa-  
c i ty  of dose: 96.3 r / r a i n .  Under the exper imenta l  conditions used by us exposure of rats to the above doses of  x-rays 
for 30 days caused in various series of  exper iments  the death of 15-  30%of  the animals.  

In the expe r imen ta l  rats we studied the white ce l l  count and the dif ferent ia l  count before the radiat ion as wel l  
as 3, 5, 7, 9, 12, 16, 21, 30, 90, 180, 270, and 360 days after the exposure to radiat ion.  In addit ion,  we established 
the weight of the bone marrow in one t ib ia  before and 90, 180, 270, and 360 days after the radiat ion.  At the same 

periods we es t imated  the hemoglobin  level ,  and counted the number of red cel ls  in the per ipheral  blood. 

270 days after the exposure to radiat ion and simultaneously in the control  rats of  corresponding age we es t ima-  
ted the rate of uptake of l abe l led  radioac t ive  iron (Fe sg) by the red cel ls  and also studied the osmotic resistance of 

TABLE 1. The Blood Picture and the Bone Marrow in Rats at Various Periods after Irradiat ion 

Index 

White ce l l  count (in thousands 
Red ce l l  count (in m i l l i o n s ) . . .  
Hemoglobin level  (in %) . . . .  
Weight of bone marrow (in mg ). 

T ime  of  invest igat ion 
Before the 
i rradiat ion 

Age of the rats 
(in months)  90 days 

12 450 7 878 12 22 
6.7 8. O 6.4 
78 82 71 
t5 .3  17 14.7 

After the irradiation 

180 days 270 days 360 days 

t36(  1301 13000 
7.3 7.4 4.0 

76 7;9 46 
22.8 34.'/ 34.6 

the red cel ls  by the microscopica l  method of Yanovskii [3]. In a special  series of exper iments  we studied the tissue- 
iron level  in the spleen of the animals  by the method of Kaldor [6], 90 and 270 days after exposure to radiat ion.  

1143 



In rats the non-hemin- i ron  in this organ mainly  consists of hemosiderin iron and, to a lesser degree, of iron in the 

ferritin fraction. The ferritin fraction was obtained by heat ing an aqueous homogenate  of spleen to 80* C and ad- 
justing the pH of the supernatant to 4.5 -5 in order to remove the bulk of bal las t  proteins. The iron was es t imated 
spectrophotometr ical ly  on the basis of the color - reac t ion  with o-fenantrol in.  

E X P E R I M E N T A L  R E S U L T S  
The peripheral  blood of rats exposed to x-rays in a dose of 500 r shows character is t ic  changes in the acute period 

of radiation sickness: marked leucopenia  on the third day,  by the 9th day followed by a gradual increase in the num- 
ber of leucocytes and a reversion to the lower l imits  of the normal  range by the 30th day. During this period of ra-  
diation sickness, however, a cer tain increase in the number of mature neutrophiles can be observed in the blood pic-  
ture. At later stages after the irradiation (90 days) the white ce l l  and the red ce l l  count of the animals became nor- 

mal ized ,  both from a quanti ta t ive and from a qual i ta t ive point of view (Table  1). 

The weight of the bone marrow and its qual i ta t ive  composit ion,  as judged by the myelogram,  remained the 
same as in the control animals.  This normal izat ion of the peripheral  blood picture and of the bone marrow, however, 

TABLE 2. Changes in the Peripheral Blood Picture of Rats 360 Days After Exposure to Rad i a t i on  

No. White H O - R e d  n eutrophiles Mono j y m  gry- 
of ce l l  g~or~m ce l l  Staff EO-sino Baso- L - 

- l e v e l  ~l, loY_e- Jure-  Seg- cytes philes pno- taro-  
rat count count niles cei ls  philes 

(si~ntahot ~ (in %) nonsl~ixi milr) cytes ~ne~'n" cytes blasts 

Rats exposed to radia t ion  
1 16 450 52 5.3 - 1 5 33 3 3 - 51 4 
2 16 700 51 4.3 -- 1 i0 37 2 I - 47 2 

3 17 000 62 5.9 - - 5 40 6 5 43 1 

4 11 150 40 3.9 - 1 14 27 - 3 1 54 - 
5 4 900 30 2.4 1 3 22 32 ;[ 35 6 

6 7 850 44 3.9 -- - 7 35 6 1 45 6 

7 5 600 48 3.5 - - 6 25 1 2 52 14 

8 8 500 49 3.5 - 2 11 42 - 44 1 
9 3 600 32 2.9 - - 16 56 1 20 7 

Control rats of s imilar  age ~ 141111 1 1 1 1 I 
2 8 500 81 8.5 -- - 5 10 3 2 80 
3 6 I00 81 9.1 - - - 14 6 6 74 

4 5 400 89 8.3 - - - 14 8 5 73 

5 6400 80 7.4 - - - 62 38 

6 10900 71 6.4 -- - 4 25 4 5 62 

proved to be of transient character.  As early as 180 days after the irradiation the percentual  proportion of staff cel ls  
among the neutrophiles increased,  and after 9 months juveni le  forms appeared, a fact wlaich could never be observed 
in the control animals.  These shifts in the peripheral  blood picture were even more .marked 360 days after the irra- 

diation (Table  2). 

Sttidy of the hemoglobin level  and of the red ce l l  count revealed that in the overwhelming major i ty  of ani-  
mals anemia  developed at this tate  stage after radiat ion,  although earl ier ,  9 months after the radiat ion,  only 5 out 
of 20 animals  investigated had proved to be anemic.  Erythroblasts appeared in the animals" per ipheral  blood. 

Study of the osmotic resistance of the red cells 12 months after the radiation showed that they possessed an 
increased resistance to hypotonic sodium chloride solutions. This shows that  at the t ime in question the peripheral  
blood was rich in young ce i l  forms, which forms have a higher osmotic resistance. Similar  resuks were obtained in 
studies of the uptake of Fe ~9 by the red ceils of the rats. It was found that 9 months after exposure to radiat ion a sta- 
t i s t ica l ly  significant increase (p= 0.02) in the uptake of iron by the red cells of the irradiated rats can be observed 

(102 counts /min)  compared to the control  rats (61 counts /min) .  

It is important that  the changes in the red ce l l  count and white ce l l  count described above took p lace  against 
a backgroun d of a hyperplast ie  bone marrow and a marked increase in the size and weight of the spleen (see Table 1 

and 3). 
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Study of the qualitative bone marrow picture at that time revealed changes in the relative proportion of the 
erythroid and the myeloid series, (as shown by the myelogram) changes consisting in a relative decrease in the 
number of erythroid elements and a corresponding relative increase in the number of myeloid elements. Due to the 
increase in the number of nucleated cells per mg and the considerable increase in the weight of the bone marrow, 
however, the absolute number of erythroid elements also showed at that period after the irradiation an increase 
compared to the findings in the control animals (84 600 compared to 45 045). 

Study of the content of non-hemoglobin iron in the tissues of the spleen revealed a marked increase in the 
iron content in the animals exposed to radiation compared to the control rats of similar age (see Table 3). 

TABLE 3. Tissue Iron Levels in the S 

Time elapsed between No. 
irradiation and investigation of 

ani- 
mals 

90days  . . . . . . . . . . . .  16 II~ 
270 days . . . . . . . . . . . .  10 

fleen of Rats 

oWfeight Content 
of non- 

spleen h .  o- 
(in mg) g~ot~ln 

iron 

(in tag) 

382+81 292:L46 
088:~ 49 628~ 73 

Iro n 
content 
in the 
ferritin 
fraction 
(in gg) 

96~10 
105~11 

Control rats (not exposed I 
to radiation) . . . . . . . . .  20 I 863:t48 265+32 49:L6 

In special experiments 10 rats were given intravenous injections of a suspension of red cells labelled with Fe 59 
in a dose of 3 ml 11 months after exposure to x-rays in a dose of 400r; 10 control rats of similar age received the 
same quantity of labelled red cells. 

Under the conditions of the count carried out by us in a scintillation counter this corresponds to 40000 counts/  
rain. 2 weeks after the injection of the labelled red cells an increase in the radioactivity of the spleen was found 
in the irradiated animals in addition to the higher content of iron in the spleen. The radioactivity of the tissue iron 
in the spleen of the irradiated rats constituted 3% of the total activity injected (1236 counts/rain) whereas the spleen 
of the control rats yielded only 0.9%(359 counts/rain).  The results obtained proved to be statistically significant 
(P= 0.05) and show, in our opinion, that in animals exposed to radiation an increased destruction of red cells takes 
place at late stages after the exposure. 

It seems that the accumulat ion of excess iron in the hemosiderin fraction of the spleen at late stages after 
exposure to radiation represents above all the result of an increase in its hemolytic function, and this fact may on 
the other hand lead to the hyperplasia of the bone marrow and the appearance of immature cell  forms in the peri- 
pheral blood. Besides, the continuous influence of excess quantities of the products of blood cell  destruction may 
also exert a stimulating effect upon the hemopoiet ic tissues. 

It can be assumed that the changes in the hemopoietic system observed by us at late periods after exposure 
to radiation are a consequence of the impaired correlation between the spleen and the bone marrow. 

S U M M A R Y  
The authors studied the state of the blood system in animals at remote periods after radiation sickness, As 

shown, normalization of the morphological picture of the peripheral blood and the bone marrow in 2 - 3 months after 
irradiation was but temporary, since the appearance of young forms was noted in 9 -  12 months against the back- 
ground of marked bone marrow and spleen hyperplasia. It is suggested that the changes observed are the sequelae 
of a disturbed correlation in the interaction of the spleen and bone marrow, 

L I T E R A T U R E  c I T E D  
1. P.D. Gorizontov, Pat, Fiziol. i Eksper. Ter., No. 1 (1959) p. 5. 
2. A. V, Mel 'nichenko, The Effect of Ionizing Radiation upon the Animal Body, Summaries of Reports [in Russian] 

(Kiev, 1960) p. 191. 
3. E . I .  Freiferd, Hematology [in Russian] (Moscow, 1947). 
4. Z.R. Bennett, Radiology, 61 (1953) p. 411. 
5. L.A.  Erf, and C. P. Rhoads, I. Industr. Hyg., 21(1939) p. 421. 

1145 



6o 
7. 

8, 

9. 
10. 

I. Kaldor, Aust. J. Exp. Biol. Med. Sci.,  32 (1954) p. 795. 
T. B. Kikuchi, in the book: Research in the Effects and Influences of the Nuclear Bomb Test Explosions, 2 

(Tokyo, 1956)p.  14q. 
R. D. Lange, et  a l . ,  Blood, 10 (1955) p. 321. 

F. $higeto ,  T. Hosokawa, and S. Jnoue, Ibid. .  p. 1492. 
A. C. Upton, C. C. Congdon, and A. Hollaender,  Atompraxis,  No. 3 (1952) p. 1. 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of  th is  peri- 

odical  l i t e ra tu re  may wel l  be ava i lab le  in Eng l i sh  t rans lat ion.  A complete l is t  of the cover- to.  
cover English translations appears at the back of this issue, 
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