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A significant decrease in the serotonin level in the hypothalamus of rats was observed 6-12 
months after x-ray irradiation in a dose of 460 R. The change in the serotonin concentra- 
tion was not the direct result of irradiation, for in the early periods (I and 3 months) its 
concentration was the same as in the control~ Changes in the serotonin level in the hypo- 
thalamus showed a definite correlation with the state of the hypophyseo-adrenal system in 
the late periods after irradiation. 

Much in teres t  has recent ly  been shown in the role of the sero toninergic  s t ruc tu res  of the bra in  (par- 
t icular ly  the hypothalamus) in react ions  of the organism to e•  st imuli .  For  this reason  par t icular  
attention is paid to the role  of these s t ruc tures  in regulat ion of the function of the hypophyseo-~adrenal sys -  
tem as one of the protective and adaptive sys tems of the body. 

Information in the l i tera ture  on the effect of ionizing radiat ion on the serotonin concentrat ion in the 
bra in  is ve ry  limited in amount and contradic tory in nature [1, 3, 6, 7, 9, 10, 12, 13]o The most  interest ing 
observat ions are  changes in the serotonin concentrat ion in the hypothalamus.  Renson and Fischer  [11] 
demonstra ted a decrease  in the serotonin level in the hypothalamus 2 h af ter  i r radiat ion of ra t s  in a dose 
of 1000 Ro Serokina [4] investigated the serotonin concentrat ion in different parts  of the bra in  af ter  i r rad i -  
ating guinea pigs in doses of 100,300,  and 600 R. She showed that 5 rain af ter  i r radiat ion the serotonin 
concentrat ion in all parts  of the bra in  was increased ,  but a steady decrease  in its level in the hypothalamus,  
thalamus,  and ports was then observed after  1 h and until the end of the period of observat ion (25 days). 
However,  in none of these investigations was the serotonin concentrat ion in the bra in  compared with the 
functional state of the hypophyseo-adrenal  sys tem.  There is no information in the l i terature  on changes in 
the serotonin concentrat ion in the hypothalamus in the later  periods af ter  i r radiat ion.  

The object of this investigation was to determine the serotonin concentrat ion in the hypothalamus of 
animals  af ter  acute radiat ion s ickness .  The importance of the study of this problem lies in the fact  that in 
previous investigations [2] significant changes in the functional state of the hypophyseo-adrenal  sys tem 
were demonst ra ted  in the late periods af ter  i r radiat ion.  

EXPERIMENTAL METHOD 

Experiments were carried out on 186 male rats weighing initially 180-240 g. The animals were irra- 
diated with x-rays on the RUM-3 apparatus (175 kV, 15 mA, 0.5 mm Cu+ 1 mm Al filters, distance 40 cm, 
dose rate 44.1 R/rain). The rats were irradiated in transparent plastic boxes surrounded beneath and at 
the sides with paraffin wax diffuser. The dose of irradiation was 460 R. [Fhe animals were used in the 

Laboratory of Radiation Genetics and Late Effects of Irradiation, Central Research Roentgeno-Radio- 
logical Institute, Ministry of Health of the USSR, Leningrad. (Presented by Academician of the Academy of 
Medical Sciences of the USSR S. V. Anichkov.) Translated from Byulleten' Eksperimental'noi Biologii i 
Meditsiny, Vol. 74, No. 8, pp. 34-36, August, 1972. Original article submitted March 26, 1971. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

901 



z 
I/,0 

12o 

100 

80 

80 

~0 

28 
I I I i t I , ~ I I I I 

I ? 8 9 12 

Fig. 1. Serotonin concentra t ion 
in the hypetha lamus  of i r r ad i -  
a ted r a t s .  Absc i s sa ,  t ime a f t e r  
i r rad ia t ion  (in months);  ord i -  
nate,  se ro ten in  concen t ra t ion  in 
i r r a d i a t e d  r a t s  (in pe rcen t  of 
control) .  

expe r imen t  1, 3, 6, 9, and 12 months a f t e r  i r rad ia t ion .  Control ani-  
ma l s  of the cor responding  age group were  sac r i f i ced  a t  the same 
t imes .  The r a t s  were  decapi tated under  Nembutal  anes thes ia .  The 
hypothalamus was r emoved  as  quickly as poss ible  and i m m e r s e d  in 
liquid ni trogen.  Serotonin was de te rmined  f luoromet r i ca l ly  by the 
method of Kuntzman et  al . ,  [8], and its concentra t ion was e x p r e s s e d  
in pg/g f resh  weight of t issue studied.  The serotonin  concentra t ion 
in the hypothalamus of the i r r ad ia ted  an imals  was e x p r e s s e d  as a 
pe rcen tage  of the cor responding  control  value.  For  each de t e rmina -  
tion m a t e r i a l  was taken f r o m  three  an imals .  For  the s ta t i s t i ca l  
ana lys is  of the r e su l t s  the method of co r r e l a t ed  s e r i e s  was used. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The serotonin  concentra t ion in the hypothalamus of the control  
an imals  was 0.81=~ 0.15 #g/g, in a g r e e m e n t  with data in the l i t e r a tu re .  

Changes in the sero tonin  level  in the hypothalamus of the i r rad ia ted  an imals  a re  shown in Fig. 1~ An 
inc rea se  in the serotonin  concentra t ion (by 20%) c o m p a r e d  with the control  an imals  was obse rved  1 month 
a f t e r  i r rad ia t ion .  However ,  this change was not s ta t i s t i ca l ly  significant  (P > 0.05). Three  months a f te r  
i r rad ia t ion  the change in the sero tonin  level  in the i r r ad i a t ed  r a t s  was equivocal~ During this per iod the 
serotonin  concentra t ion  on the a v e r a g e  was sl ightly lowered,  although the di f ference f r o m  the control  was 
not s t a t i s t i ca l ly  s ignif icant  (P > 0.05). Six months a f t e r  i r rad ia t ion  a s ta t i s t i ca l ly  s ignif icant  dec r ea se  in 
the sero tonin  concentra t ion  in the hypothalamus to 68% of the control  level  (P < 0.05) was observed .  The 
sero tonin  concent ra t ion  r ema ined  a t  about  this s ame  level  until 9 months a f t e r  i r rad ia t ion ,  when it was 
80% of the control  value (P< 0.05). However ,  by the 12th month a f t e r  i r rad ia t ion  a fu r the r  dec rea se  in the 
se ro ten in  concent ra t ion  in the hypothalamus was observed ,  down to 50% of the control  level  (P< 0.05). 

It  can be concluded that  in the l a t e r  per iods  a f t e r  i r rad ia t ion  there  is a gradual  but suff icient ly 
ma rked  d e c r e a s e  in the concentra t ion  of one of the med ia to r s .  This may  re f l ec t  s ignificant  changes in the 
functional s ta te  of the hypothalamus,  which mus t  undoubtedly mani fes t  t hemse lves  as  a d is turbance  of its 
r egu la to ry  capaci ty .  A previous  invest igat ion did in fact  show that  it is a t  these per iods  a f t e r  i r rad ia t ion  
(6-12 months) that  the reac t iv i ty  of the hypophyseo-adrena l  s y s t e m  to exposure  to functional loads is r e -  
duced [2]. This synchronizat ion  in the appearance  of the pathological  changes sugges ts  that  a d is turbance 
of hypotha lamic  function leads to changes in the hypophyseo-adrena i  sy s t em.  

I t  is an in te res t ing  fact  that  the changes obse rved  in the hypothalamus in the late per iods a f te r  i r r a -  
diation are  not the d i rec t  r e s u l t  of exposure  but a secondary  phenomenon. This is conf i rmed by r e su l t s  
showing that  a f t e r  a cons iderable  d e c r e a s e  in the se ro ten in  concentra t ion in the hypethalamus during acute 
rad ia t ion  s ickness  [4] not only is its no rm a l  level  r e s t o r e d  by the t ime of clinical  r e c o v e r y ,  but there  is 
even a tendency for  its concent ra t ion  to be higher  than normal  1 month a f t e r  i r rad ia t ion ,  evidently through 
some  f o r m  of compensa to ry  p r o c e s s .  However ,  the serotonin  level  was unchanged 3 months a f t e r  i r r a d i a -  
t ion in only some of the an imals  studied, and in m o s t  an imals  pathological  changes indicating a breakdown 
of the compensa t ion  m e c h a n i s m  had begun to appea r .  They were  more  marked  sti l l  6-12 months a f te r  i r -  
radia t ion,  when they were  ve ry  s table  in c h a r a c t e r .  

The r e su l t s  of this invest igat ion indicate the p re sence  of substant ia l  d i s tu rbances  in the cen te r s  of 
regula t ion of the endocrine s y s t e m  in the l a t e r  per iods  a f t e r  i r rad ia t ion .  
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