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Diseases  whose pathogenesis  is based on the a l imentary factor  of an excess of energy intake over  con- 
sumption are widespread at the present  time in economical ly developed countries [4, 8, 91. An important  role 
in the pathogenesis of obesity is played by functional and morphological  dis turbances of the endocrine glands, 
including the thyroid gland [2, 10]. However, the state of the thyroid gland has not been adequately studied in 
the course  of overfeeding. 

It was accordingly decided to undertake a morphomet r ic  study of the thyroid gland in experimental  ali- 
mentary  obesity, for clinical investigation precludes the possibi l i ty of its morphological  study, and autopsy 
mater ia l  does not permi t  one factor  only (obesity) to be picked out for special  study in the course  of the p ro -  
eesscs  taking place. 

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

To prevent  any effect of the reproduct ive cycle [ 11 and of sexual dimorphisrn [ 111 on the thyroid gland, 
male Wistar ra ts  were used in the model of obesity devised by Baranov et al. {31. A special  feature of this 
model is that overfeeding begins in the prepubertal  period. Experiments  were ca r r i ed  out in spring and sum-  
mer  on a population of rats  (400 animals) of the same age. The experimental  group consisted of 230 rats ,  the 
control group of 170. The experimental  animals were kept on a mixed high-calor ie  diet f rom the age of 1.5 
months. The control animals were kept all the time on the ord inary  animal house diet. Observations continued 
until the animals were 240 days (6.5 months) old, and their body weight was measured  every  week. After  the 
98th day of life, mater ia l  was taken by the dynamic observat ion method [6] af ter  decapitation of the animal. 
Anthropometr ic  data (body weight, weight of organs)  were used in the investigation, the se rum protein-bound 
iodine level and morphomet r ic  pa r ame te r s  (height of the thyroeytes,  d iameter  of their nucleus, the cytological 
coefficient (CC}, the ratio between the four components in the thyroid gland [5, 131), histochemieal  pa ramete r s  
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Fig. 1. Dynamics of changes in se rum protein-bound 
iodine in groups of animals differing in body weight. 
Abscissa ,  age of animals (in days);  ordinate,  prote in-  
bound iodine concentrat ion (in pg } ). Thick line - ex- 
per iment ,  thin l i n e -  control; S) small ,  A) average,  
L) large individuals. 
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Fig. 2. Dynamics  of changes in m o r p h o m e t r i c  p a r a m e -  
t e r s  of thyroid gland during ontogeny based  on cen te red  
p r i m a r y  values .  Absc i s sa ,  age of an imals  (in days) ;  
ordinate ,  ra t io  of actual  value to mean for  group (in ~},). 
El) r e la t ive  fo l l icular  volume,  Ei) re la t ive  in te r fo l l ic -  
u lar  volume of epithelium; C) re la t ive  volume of col-  
loid; S) re la t ive  volume of s t r o m a l  component;  h) 
height of thyrocytes ;  ~: ) d i a m e t e r  of thyrocyte  nucleus.  
a) Control,  b) exper iment .  

[content of 1RNA, DNA, acid phosphatase  (AcP) ,  alkaline phosphatase  (ALP), NAD, NADP, succinate  dehydrog-  
enase  (SDH), lac ta te  dehydrogenase  (LDH), g lucose -6 -phospha te  dehydrogenase  (G6PDH), pe rox idase  (p) ] ,  
were  de te rmined ,  and an e l e c t r o n - m i c r o s c o p i c  analys is  was made by the use of m o r p h o m e t r i c  methods I41. 
During the study of the u l t r a s t r u c t u r e  of the thyroid gland attention was concentra ted  on organe l les  d i rec t ly  in- 
volved in the synthes is  and sec re t ion  of iodine-containing hormones .  The numer ica l  data were  subjected to 
s ta t i s t i ca l  analys is  by Student 's  t e s t  and by the method 'o f  sliding means ,  using centered  cu rves  [71. The level  
of s ignif icance of d i f fe rences  was de te rmined  re la t ive  to actual  values  by the Wilcoxon- M a n n -  Whitney method. 

The l a rge  number  of p a r a m e t e r s  studied enabled a combined analys is  to be made; this gives a deeper  in- 
s ight  into the functional morphology of the thyroid gland. 

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

Individuals in a suff icient ly la rge  population of the s ame  age a re  known to differ  in size (smal l ,  average ,  
l a rge ) .  In the p r e s e n t  invest igat ions smal l  individuals accounted for  30%, average  for  45%, and l a rge  for  25% 
of the total number  of an imals  studied. Most of the methods of study ment ioned above were  used both on the 
population as a whole (control  and exper imenta l )  without r ega rd  to d i f fe rences  in body weight, and also in 
groups allowing for  this p a r a m e t e r  (control  and expe r imen ta l ) .  

During the 108 days of observation the body weight of the animals of both groups increased close to ex- 
ponentially [ 12] and differed significantly (P < 0.00]) in the control and experiment, starting from the 75th day 
of the animals' life and continuing until the observations ended. The difference in body weight between the con- 

trol and experimental animals was 200 g or more on the 198th-206th day of life of the rats, i.e., on the 150th- 

160th day of special feeding. 

The serum protein-bound iodine of the control and experimental animals showed wave-like fluctuations 

during the period of observation (Fig. I) and fell significantly (P < 0.001) during the course of overfeeding. 

1442 
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Fig. 3. Dynamics of changes in enzyme activity based 
on centered primary values. Legend for axes the same 
as in Fig. 2. 
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Fig. 4. Dynamics of changes in Acl o activity and rela- 

tive volume of lysosomes based on equalized centered 

values. A b s c i s s a ,  age  of  a n i m a l s  (in d a y s ) ;  o r d i n a t e ,  
r a t i o  of  a c t u a l  v a l u e s  to o v e r a l l  m e a n  ( 5 ) .  Thin l i ne s  - 
e n z y m e  ac t i v i t y ,  th i ck  l i ne s  - r e l a t i v e  v o l u m e  of 
o r g a n e l l e s .  B r o k e n  l ine  - e x p e r i m e n t ,  con t inuous  l ine  - 
c o n t r o l .  

Th is  i n d i c a t e s  d e p r e s s i o n  of  t h y r o i d  func t ion  in the e x p e r i m e n t a l  a n i m a l s .  

The  we igh t  of  the t h y r o i d  g l and  i n c r e a s e d  with the a n i m a l ' s  age;  in  the e x p e r i m e n t a l  s e r i e s  th is  p a r a m e -  
t e r  was  s i g n i f i c a n t l y  (P < 0 .00 I )  h i g h e r  than in  the  c o n t r o l .  H o w e v e r ,  the  i n c r e a s e  in weight  of  the t h y r o i d  
gland in the course of overfeeding was not entirely attributable to the proportional increase in body weight. 
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Fig. 5. Dynamics of changes in relat ive volume of 
organel les  based on centered p r ima ry  values. Continu- 
ous lines - mttochondria,  broken lines - endoplasmic 
ret iculum. Empty c i rc les  - e l ec t ron - t r anspa ren t  
granules;  filled c i rc les  - e lec t ron-dense  granules ,  Ly) 
lysosomes;  L) lipid droplets;  GC) Golgi complex, a) 
Control, b) experiment.  Legend for axes the same as 
in Fig. 2. 

Under the light microscope  the thyroid gland of the obese and control  animals showed no distinct demon- 
strable differences.  To reveal  any functional or  morphological  differences in the thyroid gland during p ro -  
longed overfeeding, morphomet ry  was used. Analysis  of each pa rame te r  (Fig. 2) separate ly  enabled its time 
course  during the period of observat ion to be determined.  Analysis  of the combined values of the morphomet r ic  
pa rame te r s  (comparison of a reas)  showed the overal l  variabil i ty of the morphological  features of the thyroid 
gland and enabled the charac te r  of these changes to be assessed .  The area  of the positive values in the exper i -  
mental series was 3~ less than the corresponding value in the control (the conventional zero level was taken to 
be 100), whereas the area of negative values was 12% greater than in the control. This indicates a lowering of 

thyroid activity as reflected in morphometric criteria. Similar results also were obtained by the use of histo- 
chemical  methods (Fig. 3). 

Electron microscopy  showed that qualitatively speaking the u l t ras t ruc ture  of the thyrocytes  showed no 
par t icu lar  features  in the course  of overfeeding and it was represented  by the same organelles as in the con- 
trol.  However, the cytoplasm of the thyrocytes ,  as morphomet r ic  examination ~howed, was significantly more  
sa turated (P < 0.05) with lysosomes ,  mitochondria,  apical granules,  and the hypertrophied Golgi complex. 
Comparison of the time course  of changes in enzyme activity and the relat ive volume of the organel les  (Fig. 4) 
revealed the c lear  effect of overfeeding, which was manifested differently in different e n z y m e - - s t r u c t u r a l  com- 
plexes (morphological  s t ruc tures  containing or  producing enzymes) .  Analysis  of the relative volume of the 
combined organel les  (Fig. 5) in the control  showed a tendency for the sca t te r  of the values to be reached with 
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Fig. 6. Combined m o r p h o m e t r i c  values for  thyroid 
organel les .  Shaded par t  - combined m o r p h o m e t r i e  
values of deficient  (negative) values (exper iment ) .  
Legend for  axes  the s ame  as in Fig. 2. 

age compared  with the exper imen ta l  s e r i e s .  The a r ea  of the re la t ive  volume of the combined organe l les  was 
1.36 t imes  g r e a t e r  in the course  of overfeeding than in the control .  The a r ea  of the posi t ive  values in the ex-  
pe r imenta l  s e r i e s  was 1.9'~ g r e a t e r ,  whereas  that of the negat ive values  was 75.8f0 g r e a t e r  in the exp e r i -  
mental  s e r i e s  (Fig. 6). Changes in the re la t ive  volume of the o rgane l les  were  not synchronized  in the e x p e r i -  
mental  and control  an imals ,  and their  e x t r e m a  often cor responded  to d i f ferent  ages  of the animals .  

Compar i son  of the combined values of di f ferent  p a r a m e t e r s  of r a t s  in the p repuber t a l  and puber ta l  per iod 
and in the course  of overfeeding demons t r a t ed  cycl ic  changes with an in terva l  of 32-36 days.  Pe r iods  of com-  
bined values,  de tectable  u l t r a s t ruc tu ra l l y ,  p recede  the combined values found at  the l ight -opt ica l  level  a little, 
i .e. ,  u l t r a s t r uc tu r a l  changes precede  histological .  The higher sa tura t ion  of the thyrocytes  with organe l les  
found in obesi ty ,  compared  with the control ,  and the d e c r e a s e  in the concentra t ion  of iodine-containing f r a c -  
tions found in the pe r iphe ra l  blood, combined with the d e c r e a s e  in act ivi ty of the pr incipal  thyrocyte  enzymes  
a re  evidence of a d i s turbance  of hormone production in the thyroid gland in a l imen ta ry  obesity;  this d i s t u r -  
banee is probably  connected with the reduced format ion  of enzymes  and hormones ,  o r  such enzymes  and hor -  
mones  which a r e  produced a re  insuffieientIy act ive  biologieal ly.  It is a lso  ve ry  c h a r a c t e r i s t i c  that individuals 
of a population of the s a m e  age d i f fer  in body weigl~t and in the weight of thei r  v i s c e r a ,  and that Ia rge  individu- 
a ls  have the g r e a t e s t  degree  of r i sk  of beeoming overweight  in the course  of prolonged overfeeding in the p r e -  
puber ta l  and puber ta l  per iods .  
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