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The pr inc ip les  governing the dis tr ibut ion of the absorbed  dose and the dynamics  of i ts  fo rmat ion  
were  studied by a r a d i o m e t r i c  technique in vivo during the course  of 1 year  af ter  injection of 
0.033 ~Ci /g  of [~5Se] selenomethionine into r a t s  and the functional s tate  of the p i tu i t a ry -ad rena l  
adaptive sy s t em  was studied at the same t ime by de terminat ion  of the p l a sma  cor t i cos te rone  
level .  The prepara t ion  was shown to havehigh  affinity for  the organs  of the endocrine sys tem.  
Evidence of inc reased  functional act ivi ty of the adaptation sys tem was given by an inc rease  in 
the co r t i cos te rone  concentrat ion in the an imals '  blood p l a sma  af ter  injection of the radioact ive  
prepara t ion ,  which was significantly higher than in the control  3, 6, and 10 months af ter  the be-  
ginning of the exper imen t s .  Exposure  to acute s t r e s s  (induced by h i s tamine  and formalin)  
10 months  af ter  injection of [75Se] selenomethionine did not produce the sha rp  inc rease  in the 
p l a s m a  cor t i cos te rone  concentrat ion cha rac t e r i s t i c  of the control  r a t s ;  this points to e x t r e m e  
s t r e s s  of the p i tu i t a ry -ad rena l  s y s t e m  and its  inabili ty to r e spond  to additional loads. I t  is 
postulated that ana lys is  of the functional s tate  of the adaptation sy s t em could provide the key 
to the a s s e s s m e n t  of the biological  effect  of sma l l  doses  of radiat ion.  
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In connection with the widespread  use of sources  of ionizing radia t ion in d i f ferent  sphe res  of human ac-  
t ivity the need has a r i sen  for  an a s s e s s m e n t  of the consequences  of prolonged exposure  to radia t ion  and, in 
par t i cu la r ,  that due to rad ioac t ive  subs tances  en te r ing  the body. The late effects ,  e spec ia l ly  their  noncancerous  
mani fes ta t ions ,  develop in the absence of cl inical  signs of i l lness ,  and the compensa to ry  powers  of the body 
m a s k  their  course  for  a cer ta in  length of t ime [13]. Hence the need for  the study of the influence of smal l  
doses  of ionizing radia t ion on the hypothalamic--pituitary---adrenocortical  sys t em,  r e spons ib le  for  the course  of 
protect ive ,  adaptive,  and compensa to ry  r eac t ions  of the body to unfavorable ex te rna l  env i ronmenta l  f ac to r s .  

Most  of the data obtained by invest igat ion of the adaptive sy s t em and its components  at var ious  t imes  
af ter  i r rad ia t ion  re l a t e  to ex te rna l  i r rad ia t ion  [11, 14]. In a few publications the components  of the sy s t em 
have been studied following the intake of isotopes  in large doses  [1-4,  9], and in a few publications following 
adminis t ra t ion  of smal l  doses  of isotopes [6, 7, 10, 12]. The object  of the p re sen t  invest igat ion was to study 
the functional s tate  of this adaptive s y s t e m  and, in par t icu la r ,  in the late per iods  af ter  the action of smal l  doses  
of [TSSe] selenomethionine on the body. This  rad ioac t ive  p repara t ion  is used in cl inical  p rac t i ce  and p rec i se  
guide lines for  i ts  use in isotope diagnosis  need to be es tab l i shed  [5, 8, 16, 17]. 

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on male  WAG r a t s  weighing init ial ly 160-200 g. A single in t ravenous  in-  
ject ion of [TSSe] selenomethionine was given in a dose of 0.033 # C i / g  body weight in a volume of 0.5 ml.  Phys -  
iological saline was injected into the an imals  of the control  group. To  de te rmine  the pat tern  of distr ibution of 
the absorbed  dose in the body and the dynamics  of fo rmat ion  of the absorbed  dose during the year  af ter  injection 
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Fig. 1. Changes in ?5Se concentra t ion  in organs  and whole body of r a t s ,  shown as a p e r -  
centage of injected dose, plotted against  t ime af ter  single injection of [75Se] se lenometh ion-  
ine. Absc i s sa ,  t ime (in days);  ordinate ,  r a t io  between specif ic  act ivi ty in t issue and total 
init ial  act ivi ty in whole b o d y •  100; 1) adrena l s ;  2) an te r ior  lobe of pi tui tary;  3) pos t e r io r  
lobe of pi tui tary;  4) whole body. 

Fig. 2. Dynamics  of changes in p l a s m a  eo r t i cos t e rone  concentra t ion of control  r a t s  and 
af ter  a single injection of [7~Se] se lenomethionine.  Absc i ssa ,  t ime af ter  i r rad ia t ion  (in 
months);  ordinate ,  p l a s m a  cor t i so l  concent ra t ion  (in ~g/100 ml);  1) control ;  2) injection 
of [TSSe] se lenomethionine.  

of the rad ioac t ive  substance ,  a r a d i o m e t r i c  study was under taken of the r a t s  in vivo and also of the pr incipal  
organs  which accumula te  this substance,  including the endocr ine  glands. 

The functional  s tate  of the adaptive s y s t e m was judged f rom changes in the p l a s m a  co r t i cos t e rone  con-  
cent ra t ion  and the abil i ty of the an imals  to respond  to acute s t r e s s .  The co r t i cos t e rone  level  was de te rmined  
1, 3, 6, and 10 months  af ter  injection of the isotope by M u r p h / s  compet i t ive  binding method,  using components  
of the Cortkit-t25I and Cortki t-3H (from Sorin, France) .  Acute s t r e s s  was induced by in t raper i tonea l  injection 
of h i s t amine  (1 mg/100  g body weight) and i n t r amuscu l a r  injection of 10% fo rma l in  30 min before decapi ta t ion 
of the animals .  T h r e e  s e r i e s  of e x p e r i m e n t s  were  c a r r i e d  out (in each expe r imen t  five an imals  were  used aC 
one t ime point)~ 

EXPERIMENTAL RESULTS 

The results of whole-body radiometry of the rats in vivo showed that [TSSe] selenomethionine is retained 
for a long time in the body and can still be detected 12 months after injection; however~ 80% of the total ab- 

sorbed dose (the mean for the body as a whole) accumulates during the first 3 months. The results of radiome- 

try of the individual organs demonstrated the high affinity of the preparation for organs of the endocrine sys- 
tem (Fig. i); consequently, as calculations showed, the mean tissue dose in the pituitary and adrenals was 

about 1.5 times greater than the mean load on the body as a whole, and in the present experiments it was i0 
and 7 times respectively. 

Analysis of the changes in the blood plasma corticosterone concentration in the animals of the control 

group showed definite fluctuation throughout the period of the experiments (Fig. 2). These changes were con- 
nected with the seasons of the year, and in the winter months the level of the hormone was particularly low. 

An increase in the hormone concentration was observed 1 week after injection of [71Se] selenomethionine in the 

animals of the experimental group, but it was not regular. A tendency for the corticosterone concentration to 
rise was observed in the animals of the experimental group from i to 3 months after injection of the isotope. 
A significant increase in the plasma corticosterone concentration of the experimental rats compared with the 
control animals was observed 6 and 10 months after the beginning of the experiment (Fig. 2). 

During the action of acute stress on the rats of the experimental and control groups in the period when 
the blood eorticosterone level of the animals receiving [~SSe] selenomethionine reached its highest value, the 
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Fig. 3. Cor t i cos te rone  concentra t ion  in p l a s m a  of contro l  an imals  poisoned with 
[75Se] se lenomethionine and in s t r e s s e d  r a t s .  Ordinate,  co r t i so l  concentra t ion  (in 
ng/100 ml);  1) uns t r e s sed  animals ;  2) s t r e s s  induced by injection of h i s t amine  30 min 
before  sac r i f i ce ;  3) s t r e s s  induced by injection of fo rmal in  30 min before sac r i f i ce .  
Unshaded columns show p l a s m a  cor t i so l  level  of control  an imals ,  shaded columns 
show p l a s m a  cor t i so l  level  in an imals  r ece iv ing  [75Se] se lenomethionine .  

following pa t te rn  was revea led .  The hormone  concentra t ion in the p l a s m a  r o s e  sharp ly  in the control  an imals  
30 min af ter  the development  of acute s t r e s s  induced by injection of h i s t amine  or fo rmal in ,  as m igh tbe  expeot-  
ed, whereas  no such r e s p o n s e  developed in the r a t s  r ece iv ing  the rad ioac t ive  p repa ra t ion  (Fig. 3).  After  in-  
jection of fo rmal in ,  incidentally,  the p l a s m a  co r t i cos t e rone  concentra t ion in the an imals  of the e x p e r i m e n t a l  
group was somewhat  lower than that in the r a t s  of the s ame  group not exposed to s t r e s s .  

The r i s e  in the p l a s m a  co r t i cos t e rone  level  in the late s tages  af ter  absorp t ion  of sma l l  doses  of [75Se]- 
se lenomethionine thus indicates  that a radia t ion load not exceeding 10 t a d  is not without i ts  effect  on the func-  
t ional s tate of the p i t u i t a ry - ad rena l  sys t em.  In this connection in te res t ing  r e s u l t s  were  obtained by Kandror ,  
who showed that the threshold dose for  the r e s p o n s e  of the adrena ls  to in terna l  i r rad ia t ion  (24Na) is even lower 
when changes  in the a sco rb ic  acid concentra t ion a re  used as the c r i t e r ion ,  name ly  0.7-1.6 rad  [7].  Under the 
p r e s e n t  expe r imen ta l  conditions when the concentra t ion of [75Se] se lenomethionine in the endocr ine  organs  was 
cons iderab ly  higher than that in the body as a whole, the radia t ion load on this s y s t e m  was poss ib ly  higher than 
the mean.  Moreover ,  it m u s t  be r e m e m b e r e d  that the i r r egu l a r i t y  of dis t r ibut ion of [75Se] selenomethionine 
within the same  organ, t issue,  and even cell,  due to the p resence  of soft  e lec t ron  radia t ion in its spec t ru m [15],  
with shor t  mean  paths of the pa r t i c l e s  and with an ionization densi ty of the same  order  as that of c~-part icles 
[18], m a y  lead to the fo rmat ion  of higher  than mean  values of local  absorbed  doses  and, consequently,  to a 
m o r e  m a r k e d  biological  effect  than in the case  of uni form i r radia t ion .  The biological  e f fec t  of [75Sel se leno-  
methionine obse rved  in these e x p e r i m e n t s  in the adaptat ion sy s t em is evidence not only of a change in the func-  
tion of that sys t em,  but a lso  of i ts  inabil i ty to respond  adequately to the action of e x t r e m a l  f ac to r s  and, in p a r -  
t icular ,  to pha rmaco log ica l  s t r e s s .  The additional s t r e s s o r  loads showed that the high functional act iv i ty  of the 
adaptation sy s t em in these e x p e r i m e n t s  were  nothing m o r e  than e x t r e m e  s t r e s s  of that sys t em.  Consequently,  
the compensa to ry  and adaptive powers  of an imals  r ece iv ing  a single dose of [75Se] se lenomethionine  were  con-  
s ide rab ly  depressed .  It  can be postulated on the bas i s  of these fac t s  that ana lys i s  of the functional s ta te  of the 
adaptation sy s t em could provide the key to the a s s e s s m e n t  of the biological  ef fec t  of sma l l  doses  of radia t ion .  
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