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Histological and histochemical studies were made of the reaction of the interrenal gland of tailless 
amphibians at various periods of ontogenesis (larvae in the stage of premetamorphosis,  yearlings, and 
adults) to i rradiat ion in doses of 10,000, 5,000, 1,500, and 700 R. The time when functional activity of the 
gland appears coincides with completion of its morphol0~cal development, taking place at the beginning of 
metamorphosis .  The radioresis tance of the amphibians falls as the complexity of the organization increases 
during ontogenesis. This is connected with an increase in radiosensit ivity0f the cortical cells of the inter-  
renal gland. 

The radiobiologieal l i tera ture  contains abundant itgormatior~ on the high resistance of lower ve r te -  
brates ,  especial ly amphibians, to the action of ionizing radiation. These animals are part icularly radiore-  
sistant at the larval stage of development [2]. The interren~tl gland, analog of the adrenal in higher ve r t e -  
bra tes ,  plays an active role in adaptation to external environmental conditions which change sharply during 
ontogenesis of amphibians (emergence from water on to dry land) [3]. Comparison of the character  of 
morphological and physiological changes in the interrenal gland ~hth the duration of life of the experimental 
animals can therefore  contribute to elucidation of the causes of the high radioresistanee of amphibians. 

In the present  investigation the response of the interrenal gland of tailless amphibians to ~rradiation 
was studied at various periods of ontogenesis. 

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

Experiments were car r ied  out on larvae and adults of the species Rana arvalis  and Rana temporaria.  
Larvae were taken from natural ponds at the stage of premetam0rphosis (hind limb buds) and at the peak of 
metamorphosis  (mobile fo re -  and hind limbs), and in addition, ycarlin~s immediately after  completing 
metamorphosis  and adults were used. The animals were irradiated with y~rays  two days after  being caught 
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Fig. 1. Interreval  gland of Rana arvalis ,  a) Centre] (arrows 
denote islets of cortical cells containing lipids); b) 20 days af- 
ter irradiation; c) 65 days after irradiation. Dose 700 R~ 
Sudan black. Objective 6, ocular 8. 
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Fig. 2. InterrenaI gland of Rana temporaria, a) Control; 
b) 20 days after irradiation] Dose ].,500 R. Sudan black. 
Object ive  20, ocu la r  8. 
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Fig. .3 .  Scheme showing changes  in s t r u c -  
tu're of Golgi complex  in co r t i ca l  ce i l s  
o f  i n t e r r ena l  gland a t  d i f ferent  t imes  
of ontogenes is ,  a) P r e m e t a m o r p h o s i s ;  
b) peak of m e t a m o r p h o s i s ;  c) year l ing ;  
d) adult  f rog.  

in d o s e s  of 10,000, 5,000, 1,500, and 700 R. All the tad-  
po les  i r r ad i a t ed  at  the co r respond[ng  s tage were  s a c r i -  
f iced 1, 3, and 7 days  l a te r .  F r o g s  i r r ad ia t ed  in doses  of 
5,000 and 10,000 R were  not inves t iga ted  because  of the i r  
r ap id  death.  F r o g s  i r r ad i a t ed  in doses  of 7,000 and 1,500 
R were  s a c r i f i c e d  a f t e r  10, 20, and 65 days.  The i n t e r -  
renal  t i s sue  vras studied h is to logica l ly  and h i s tochemica! Iy .  

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

I m m e d i a t e l y  before  m e t a m o r p h o s i s  the in te r renaI  
ce i l s  of the tadpoles were  not yet a r r a n g e d  in a single 
l aye r .  The cor t i ca l  ce l l s  were  round and contained oval 
nuclei ,  in which the nucleoius and chromat in  were  not yet 
c l e a r l y  d i f fe ren t ia ted .  The  cy top lasm cons is ted  of a 
n a r r o w  r im and showed p r a c t i c a l l y  no affinity for  tile dye. 
The fo rma t ion  of the definit ive i n t e r r eaa l  gland in R_= 
t e m p o r a r i a  coincides  with the complet ion of m e t a m o r -  
phos i s ,  while in R. a r v a l i s  this p r o c e s s  takes place r a t h e r  
e a r l i e r ,  in the culminat ion phase  of m e t a m o r p h o s e s .  I r -  
radition: 0f l a rvae  a t  all  s t ages  in doses  of 700 and 1,500 R 
had no �9 on fo rmat ion  of the definitive in te r rena l  gland 
o r  on the c o u r s e  of m e t a m o r p h o s i s .  Af te r  i r rad ia t ion  at 
the Stage of p r e m e t a m o r p h o s t s  in doses  of 5,000 and 10,000 
R,  a comple te  block of morphogen ic  p r o c e s s e s  was ob-  
s e rved .  The s a m e  doses ,  given to l a rvae  in s tage IV, did 
not a r r e s t  the rapid  culminat ion of m e t a m o r p h o s i s ,  but the 
a n i m a l s  died soon a f t e r  i ts  complet ion.  Year l ings ,  i r r a d i -  
a ted  a f t e r  comple t ion  of m e t a m o r p h o s i s  in a dose of 5,000 
R, died within 5 days ,  while 80% of those i r r ad i a t ed  in a 

dose of 10,000 R died within 24 h, the r e m a i n d e r  su rv iv ing  not m o r e  than two (lays. Adult f rogs  were  l eas t  
r e s i s t a n c e  to i r r ad i a t ion .  In the c o u r s e  of 24 h m o r t a l i t y  a f t e r  doses  of both 5,000 and 10,000 R was 100%. 

The morpho log ica l  r e s pons e  of the in t e r rena l  gland va r i ed  cons ide rab Iy  with the age of the an ima l s .  
I r r a d i a t i o n  of l a rvae  in doses  of 5,000 and 10,000 R was accompan ied  by e x t r e m e  hype r t rophy  of both c o r t i -  
cal  and  ch romaf f in  ce l l s .  The d i a m e t e r  of the nuclei was i n c r e a s e d  by 50-100~.  The re t i cu lumn of the 
Golgi organoid ,  which was p r a c t i c a l l y  undif ferent ia ted  in the in t e r rena l  cel ls  Of intact  l a rvae ,  was c l e a r l y  
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outlined and hyper t roph ied ,  with numerous  b ranches .  I i ) p e r t r o p h y  of the Golgi compIex was pa r t i cu l a r ly  
conspicuous in thc chromaff in  ce l l s .  In year l ings  i r r ad ia ted  in the same  doses  the chrome[f in  cei ls  ~ c r e  
a t rophied ,  white in the cor t ica l  cel ls  the lipid content  was reduced and the Golgi complex f ragmented ,  indi-  
cat ing mobi l iza t ion  of horrnonal  subs tance .  Some s t imulat ion of the cor t ica l  cel ls  v:a~ bbse rved  in the e a r l y  
per iods  a f t e r  i r rad ia t ion  in a dose of 1,500 R; a dose of 700 I{ caused no cti:lnges in the in te r rena l  gland of 
t h e  yea r l ings .  Meanwhile,  in adult f rogs  a f t e r  i r rad ia t ion  in the s ame  dose,  i s le ts  of cor t ica l  t i ssue  were  
d is t inct ly  hyper t roph ied  (Fig. 1). I Iype rp l a s i a  of the cor t ica l  t~ssue became max ima l  a f t e r  i r rad ia t ion  in a 
dose  of 1,500 R (Fig. 2). The chromaff in  t i s sue  was concent ra ted  in smal l  and infrequent  i s le ts  i so la ted  
f rom the cor t ica l  ce l l s .  These  cel ls  were  i n c r e a s e d  in volume and the i r  cy toplasm included a few pseudano-  
philic d roplc t s  and a hyper t roph ied  Golgi complex  (Fig. 3). In l a t e r  s tages  a f t e r  i r rad ia t ion  (2 months) ,  an 
accumula t ion  of l ipids took place ,  much m o r e  m a r k e d  them in the cont ro ls ,  and the G o l ~  complex showed 
the c h a r a c t e r i s t i c  hype r t rophy  of cel ls  with i nc rea sed  sec re t ion  format ion .  

The r e s u l t s  show that the r ad iosens i t i v i ty  of the s e c r e t o r y  ce l l s  of the f rog ' s  internal  gland is depen-  
dent on the s tage of ontogenet ic  development .  A dose of i r rad ia t ion  of 10,000 R i s  requ i red  to s t imula te  the 
cor t ica l  ce l l s  in the per iod  of p r e m c t a m o r p h o s i s .  In the culmination phase of m e t a m o r p h o s i s ,  this dose is 
halved. To obtain s t imula t ion  by i r r ad i a t i on  of yea r l ings ,  a dose of 1,500 R is suff icient ,  and the adrenal  of 
the adult  f rog  r e a c t s  to a dose of 700 R. 

In m o s t  amphib ians  the in t e r rena l  gland s t a r t s  to function when it has at ta ined its definit ive m o r p h o -  
logical  s ta te  [4, 5]. 

The r e s u l t s  show that  tile r a d i o r e s i s t a n e e  of amphibians  d iminishes  pa ra l l e l  to the ontogenetie e s t a b -  
l i shment  of the functional ac t iv i ty  of this gland. Since the sens i t iv i ty  of the cor t ica l  cel ls  to i r rad ia t ion  in-  
c r e a s e s  with age,  it m a y  be a s s u m e d  that  the r e a son  for the d e c r e a s e  in r ad io r e s i s t ance  of the adults  c o m -  
pa red  with the l a rvae  is i nc rea sed  s e c r e t i o n  of cor t i co id  hormones .  In fact ,  ac t ive  p ro l i fe ra t ion  of cor t ica l  
t i s sue  takes  p lace  in i r r a d i a t e d  f rogs ,  with an i n c r e a s e  in level  of ho rmones  in the blood, adding cons ide r -  
ably  to the s e v e r i t y  of radia t ion  s ickness  [1]. Evident ly  this i nc rease  in function at  the expense of the orKa-  
n i sm as  a whole r e f l ec t s  a confl ict  between the phylogenet ica l ly  es tab l i shed  abi l i ty  of the an imal  to r eac t  to 
ha rmfu l  agents  by an i n c r e a s e  in s e c r e t i o n  of cor t ico id  hormones  and the spec i f ic  p r o p e r t i e s  of radia t ian  
in jury,  in which h y p e r c o r t i c i s m  is an unfavorable  fac tor  in te r fe r ing  with the e f for t s  of the o rgan i sm to 
o v e r c o m e  the d i sease .  
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