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A his tochemica l  and m o r p h o m e t r i c  study of the thyroid  in dogs exposed to r epea ted  rad ia l  
acce le ra t ion  r evea led  changes indicating the development  of a t rophy in the gland~ 

As a r e su l t  of the action of radia l  acce lera t ion ,  des t ruc t ive ,  degenerat ive ,  and atrophic  changes can 
develop in a number  of organs  in exper imen ta l  an imals  [2, 5, 6, 14, 19]. 

However ,  no informat ion on s t ruc tu ra l  and functional changes in the thyroid  gland af ter  exposure  to 
this factor  could be found in the l i t e ra tu re .  Considering the impor tan t  ro le  of the thyroid  in the control  of 
me tabo l i sm  [4, 11, 17] and the development  of adaptive reac t ions  in the body [7, 9, 13], such an invest igat ion 
mus t  be of g rea t  impor tance .  

This  p rob lem also d e s e r v e s  specia l  attention in connection with the view that des t ruc t ive  changes in 
the thyroid  gland play a ro le  in the development  of autoimmune p r o c e s s e s  [10, 20]. An impor tan t  ro le  is 
a s c r i b e d  to these  p r o c e s s e s  in the genes i s  of ce r t a in  thyroid  d i s ea se s  [8, 12, 15, 16]. 

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

The thyroid glands of dogs (males)  exposed to acce le ra t ion  with an intensi ty of 8 units, produced by 
rotat ing the an imals  on a s tandard  t u r n - t a b l e  with rad ius  4.2 m for per iods  of 3 rain, were  invest igated.  
The direct ion of the over load  was f rom ches t  to spine. 

The an imals  (four) of group 1 were  exposed once to acce lera t ion ,  while the six an imals  in group 2 
were  exposed r epea t ed ly (12 -14  t imes)  at in te rva ls  of 30 days.  Mater ia l  was taken under superf ic ia l  e ther  
anes thes ia  30 days af ter  the las t  exposure  to accelera t ion;  two dogs f rom group 1 were  sac r i f i ced  on the 

�9 day of the exper iment  so that acute changes in the gland could be analyzed. Thyro id  glands of intact an i -  
m a l s  (six dogs) acted as the control .  Var ious  su rvey  and h i s tochemica l  staining methods were  used: h e m a -  
toxy l in -eos inVan  Gieson ' s  method with counters ta ining for  e las t ic  t i ssue,  Heidenhain ' s  modif icat ion of 
M a l l o r y ' s  method, s i lve r  impregnat ion  by the method of Gordon and Sweet, B r a c h e t ' s  method; and the 
act ivi ty  of the following enzymes  were  studied: succinate dehydrogenase ,  peroxidase ,  and alkaline and 
acid phosphatases .  The r e l a t ive  pe rcen tages  of the pr incipal  t i ssue  components  were  de te rmined  by Uot i la ' s  
method [18], and the d i ame te r  of the fol l ic les ,  the volume of the nuclei, and the height of the thyroid  ep i -  
thel ia l  ce l l s  were  measu red .  

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

After  a single exposure  to acce lera t ion ,  morphologica l  evidence of act ivat ion was found in the thyroid  
gland on the day of the exper iment .  This  was evidently a s te reo typed  r e sponse  to the s t r e s s o r  c h a r a c t e r  of 
the p rocedure  [9], The mean  d i ame te r  of the fol l ic les  was reduced (Table 1), but the height of the ce l l s  and 
volume of the nuclei of the thyroid  epi thel ium were  increased .  Signs of inc reased  r e so rp t i on  were  found in 
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TABLE 1. Resul t s  of Morphomet r ic  Invest igat ion of the Thyroid  Gland 
in Dogs Exposed to Radial  Acce lera t ion  
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Fig. 1o St ruc ture  of the thyroid  gland in dogs a f te r  r epea ted  exposure  
to rad ia l  acce lera t ion:  A) s t ruc tu re  of normal  thyroid  gland (Van 
Gieson, 280 x); B) diffuse in te rs t i t ia l  s c l e ros i s ;  reduct ion of fol l ic les  
(Van Gieson, 280 x); C) changes in basement  m e m b r a n e s  ( G o r d o n -  
Sweet, 280 • D) infi l t rat ion with lymphoeytes  and p l a sma  cells;  
lymphoid fol l ic les  in thyroid  gland t i s sue  (hematoxyl in-eosin ,  70 • 

the colloid; pe rox idase  and acid phosphatase  act ivi ty  in the cy top lasm of the thyroid  ce i l s  was increased;  
and the pyroninophil ia  was s l ight ly intensified. The cap i l l a ry  network was dilated and a m a r k e d  reac t ion  
for alkaline phosphatase  was p r e sen t  in the endothelium. Focal  changes,  consis t ing of des t ruc t ion  of the 
foll icle walls  and d i scharge  of colloid m a s s e s  and signs of focal lymphocol ioid edema,  also were  observed.  
Enzymes  were  found in these  a r e a s  in the fo rm of la rge  granules ,  poss ib le  evidence of injury to the s t r u c -  
tu ra l  e l ements  of the cel l  [1, 3]. Diapedes is  and p e r i v a s c u l a r  edema were  present .  

After  30 days and near  the t ime  for  the second sess ion  of acce lera t ion ,  evidence of thyroid  act ivat ion 
was accompanied  by the appea rance  of numerous  is le ts  of pa ra fo l l i cu la r  cei ls  with signs of microfo l l i c le  
format ion.  Signs of p e r i v a s c u l a r  s c l e r o s i s  were  present .  

Repea ted  exposure  to rad ia l  acce le ra t ion  led to a dec r ea se  in the absolute  and re la t ive  weight of the 
thyroid  glands (Table  1). Th ree  types  of  changes were  found his to logical ly  in the glands of this  group of 
anim al s. 
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The f i r s t  type was cha rac t e r i zed  by the appearance of atrophic changes at the cell  and t i ssue  levels.  
Fat ty  degenerat ion was observed  in the thyroid epithelial cells,  the height of the cel ls  and volume of thei r  
nuclei were  considerably reduced,  and enzyme activity and the intensity of pyroninophilia in the cytoplasm 
of the cel ls  were  reduced, The re la t ive  a rea  occupied by the epithelium was reduced while that of the s t roma  
was increased,  indicating the development of sc le ros i s  in the gland. Two types of s c l e ros i s  were  found: 
diffuse inters t i t ia l  sc le ros i s  developing against the background of lymphostasis  and manifested as thicken- 
ing of the capsule and of inter lobular  and interfol l icular  connect ive- t i ssue  septa (Fig. 1B~ and focal r ep l ace -  
ment  s c l e ros i s  in a reas  of des t ruct ion and death of the follicles.  In some cases  the appearance of r ep l ace -  
ment  l ipomatosis ,  a r a r e  phenomenon in the thyroid  gland, was found. With the development of the atrophic 
changes in the gland, signs of reduct ion of the c i rcula t ion became increasingly evident. 

The second type of changes was cha rac t e r i zed  by infi l trat ion with lymphocytes and plasma cells,  
e i ther  diffuse in charac te r  of as so l i ta ry  lymphoid foll icles (Fig. 1D). Changes in the basement  membranes  
(Fig. 1C) and the appearance of mult inuclear  cel ls  must  evidently be r ega rded  as s imilar  in type. The 
changes in this type are ,  of course ,  a morphological  ref lec t ion of autoimmune p roces se s  in the gland [8, 12, 
15, 16]. 

Changes of the third type combine the features of regeneration in the gland (formation of microfolli- 
cles, appearance of Aleshin's buds and of Sanderson's cushions). 

Analysis of the changes thus discovered in the thyroid gland of dogs exposed to repeated acceleration 
thus revealed the development of atrophy in the gland. It is possible that autoimmune reactions played an 
important role in the genesis of this process~ A factor predisposing to the development of these reactions 
could be the disturbance of physiological isolation of the thyroid antigen through cumulation of destructive 
changes in the gland as a result of exposure to acceleration~ 
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