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In the last ten years a number of studies have been published concerning regeneration in the thyroid gland as 
related to its functional state and to more general  physiological  conditions [2-6, 9, 11]. Special  at tention has been 
paid to the relationship between compensatory hypertrophy and true regeneration in this organ [6-8]. Earlier we have 

described the variat ion in capaci ty  for restoration of thyroid parenchyma depending on a number of physiological  
conditions and on the state of the thyroid gland itself  [2, 3]. We proposed that the level  of thyroid hormone in the 
organism is of v i ta l  importance for the appearance of compensatory hypertrophy or regeneration in the remaining 
part of the gland. The st imulat ing effect of thyroid hormone on various restorative processes is we!l known [2, 10]. 
One may admit  that preservation of some small  fragment of thyroid tissue evokes a significant defici t  of hormone in 
the organism and this in i tself  may be the basis for compensatory increase in the function of the remaining part of 
the gland. 

To e luc ida te  the correlation between thyroid hypertrophy and regeneration it is necessary to compensate  exper-  
imenta l ly  for the hormone def ic i t  produced by part ia l  thyroidectomy by supplying thyroid from without. 

M E T H O D S  A N D  M A T E R I A L S  

Ninety- two young mongrel  dogs aged ll/x to 5 months, and 126 white rats weighing 120-160g were selected.* 
AI1 experiments were carried out according to the same plan. One lobe of the thyroid gland (the right) was entirely 

removed (average weight in rats about 7.63 rag). At the same t ime the caudal  portion of the left  lobe was resected 
in one of three ways: (1) 18-20% of the left lobe tissue was removed (Group I); (2) half of the left lobe was removed 
(Group II); and (3) 80-88% of the left  lobe was removed (Group III). 

In separate experiments,  half  of the animals remained without any kind of t reatment  while the other half re-  
ce iyed thyroid dai ly  in a dose of 3 mg of thyroid per 100 g body weight. In addi t ional  experiments the thyroid dos- 
age ranged from 1-5 rag. Powdered thyroidin, emulsif ied in water, was introduced direct ly  into the stomach of the 
rats  through a hollow rubber tube and was given to the dogs with a p iece  of food. Thyroidin supplementat ion began 
3 days prior to operation and was continued throughout the period of observation. 

The duration of the experiments with dogs was 12, 17, and 20 days and with rats, 10-20 days; in certain in-  

stances observation was continued over a month's  t ime.  It was not necessary to prolong the experiments further, for 
with t ime,  a certain decl ine  in hypertrophy occurs and regeneration progresses. Weighing of the remaining fragment 
of the l e a  tobe of the thyroid and comparison of its weight with that of both lobes at  operation was used to judge the 
degree of hypertrophy in the fragment remaining in situ. Apropos of the microstructure and functional state of the 
thyroid, changes in the height of the epi thel ium and the internal d iameter  of the foll icles were assessed in his tologi-  
cal preparations (fixed in Zenker's,  Bouin's or Camoy's  solutions, stained with hematoxyl in  and eosin and with Schiff' ,  ~ 
Reagent for polysaccharide).  

* Some of the experiments on dogs were described ear l ier  [3]. 
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I II  u t  

The structure of the remaining fragment of thyroid in rats 20 days after op-  
eration, a, b, c) without thyroid replacement ;  d, e, f) with thyroid rep lace -  
ment.  I) Minimal  fragment preserved; II) half a lobe; III) maximum f lag-  

ment. Microphotograph, Hematoxylin and eosin stain. Magnif icat ion 600 X . 

R E S U L T S  

Comparison of data obtained in different experiments carried out at different t imes yields rather s imilar  r e -  
sults.* Where a minflnal  fragment of thyroid tissue had been preserved, its weight within a short t ime  had increased 
several times. The microscopic picture is character ized by ext remely  marked hyperplasia (with decrease in the PAS- 
react ion of the colloid and basal membrane of the foll icles) which indicates the physiologic overexertion and func- 
tionM exhaustion of the thyroid tissue (see table),  

We have shown ear l ier  that under conditions of biologic testing of markedly hyperplast ic  thyroid tissue in larv-  
al amphibians,  it appeared entirely inact ive  (see photograph, a ) .  This was the result of introduction of hormone in the 
organism [1, 10]. When half  a lobe was preserved, hypertrophy was noted but was less prominent than in the previous 

* Some exper imenta l  results have been presented at the Third Al l -Union Conference on the Problems of Regenera- 
tion and Cel lular  Reproduction, Moscow. 
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case; the number of mitoses in the cells lining the fol l icles was increased. Hypertrophy was less marked when a sig- 

nificant portion of the gland was preserved (see table).  No signs of increased function were detected in the mic ro -  
structure, as preservation of part of a lobe ensured sufficient hormone concentrat ion (see photograph, b and c). 

Mean Weight and Microstructure of Thyroid Fragments in Rats 20 Days After Operation 

Condition 

of I 
Expt, i 

Without thy!  
reid re-  
p lacement  

With thy-  
reid re-  
p lacement  

Group 

nc. in wt. 

af frag- 
ment (~ 

1 507 
2 72 
3 38 

Original state 

1 12 
2. 17 
3 8 

Ht. of epi thel ium 
(microns) 

near in-  | other 
jured are 1 areas 

12,63 12,88 
10,05 8,46 
9,22 6,63 

4 7 3,6 
3,8 3,6 
4,2 3,4 

l ,  28 

Fol l ic le  d iameter  
(microns) 

near in-  other 
ured area areas 

8,5 8,2 
19,6 24,0 
26,0 28,5 

32,4 35,O 
32,9 39,2 
30,7 37,6 

30,4 

Regeneration appeared in inverse ratio with hypertrophy. With a min ima l  tissue fragment remaining and 
marked compensatory hypertrophy, new fol l icles  were not formed. N the second type of experiment ,  in which a larg-  

er fragment of thyroid was preserved, the hypertrophy was less marked and new foll icles were fonned in damaged 
areas. We had noted ear l ier  in the studies on regeneration of thyroid tissue that formation of typical  glandular struc- 
tures was accompanied  by act iv i ty  in c e l l s  of mesenchymal  nature which function to provide proper nutrition to the 
new fol l icles  [3, 10]. The development  of new tissue in a damaged region may have a mul t icent r ic  nature which is 
determined by the type of vascular izat ion and ac t iv i ty  of the connect ive tissue e lements  involved in the stream of 
migrat ion of ep i the l ia l  cells .  Regeneration was more marked when the ablat ion of a very smal l  fragment of tissue 

did not entai l  hypertrophy in the remaining portion (see table).  

We selected a dosage of thyroid so as to ensure the organism sufficient hormone to preserve functional act ivi ty  

after par t ia l  resection of a min ima l  fragment of the gland without increasing gland function (see photograph, d, e, f). 
Hyperemia was noted in parts of the thyroid near damaged regions. Hyperplasia and hypertrophy in the remaining 
portion of the gland was not observed in any of the three exper imenta l  variants throughout the entire observation per-  
iod. Consequently, the increase in the preserved portion of the gland and the so-ca l led  compensatory react ion by no 
means follows injury but arises only in such instances in which there is a hormonal defici t  in the organism. The for- 
mat ion of new areas of thyroid tissue is observed in roughly equal degree in a l l  three exper imenta l  variants, i .e . ,  is 
independent of the size of the fragment remaining.  

Under conditions of thyroidizat ion,  significant act ivat ion of mesenchymal  e lements  undoubtedly occurs and 
many srnall fol l icles form and grow, accumulat ing  colloid.  In different parts of the gland a decrease in fol l icular  
function is observed, which may be assessed by condensation of the thyroid epi thel ium and increase in homogeneous 
col loid (see table).  Thus, a r t i f ic ia l  thyroidization,  in the first place,  prevents hypertrophy in the remaining fragment 

of the gland however small  i t  ]nay be, and, secondly, favors regeneration,  it is probable that  with more careful se-  
lect ion of thyroid dosages the degree of hypertrophy in the gland and the formation of new glandular structures in 
damaged areas ]-night be regulated.  

We see that so-ca l led  compensatory hypertrophy is by no means a reparat ive react ion of the organ to injury, 

but reflects only the level  of functional strain in conditions of hormone deficit .  Consequently, the react ion of an en-  
docrine organ to par t ia l  resection is dependent equally on three factors: the effectiveness of the hormone, the func-  
t ional potent ial  of its secretory cells and the s t imulat ing influence of the anterior pituitary.  This last factor must be 
par t icular ly  considered in explaining the differences in react ion of thyroid tissue. In part icular,  we ]nay--as  the ex-  
periments in puppies showed--decrease hypertrophy in the remaining fragment of the thyroid gland by influencing 
the hypophysis without compensation by means of hormone replacement .  This was ascertained by means of part ia l  
adrenalee tomy performed at the t ime as the par t ia l  thyroidectomy.  With simultaneous removal  of one adrenal  and 
half  or three-quarters  of the other, the thyroid gland fragment in situ did not enlarge or enlarged only very slightly, 
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showing the weakening of thyrotropic ac t iv i ty  of the anterior pituitary.  The reparat ive react ion in damaged areas 
was not lost; proliferation of glandular ceils  weakly forming foll icles was noted. 

The length of observation after the operation played an important  role in reveal ing the relationship between 

regeneration and hypertrophy. In this connection, we focused on the extensive ma te r i a l  we have gathered over a 
number of years during observations of various species of birds which have been subjected to subtotal thyroideetomy. 

In such observations we often conserve a small  fragment of thyroid tissue [1]. Extremely smal l  pieces of glandular 
tissue within a short t ime undergo marked hypertrophy. Ini t ial ly they are not in a condit ion to compensate  for the 

significant hormone def ic i t  evoked by the operation, which is confirmed by the lack of abi l i ty  of the feather foll icles 
to develop new feathers in the trunk and neck. Longer observation showed that, with t ime,  in certain birds the pr i -  
mary foll icles reestablish their abi l i ty  to develop. On dissection of such birds one always discovers a significant 
amount of glandular tissue in the operat ive region, having a typical  microstructure but bearing signs of increased func- 
tion. With a much longer period of observation (4, 6, or 8 months) not only does the regenerated size approach nor- 
real  but the condit ion of the foll icles,  f i l led with homogeneous colloid,  does not devia te  from normal.  

Thus, hypertrophy in an endocrine organ, occurring after its pa r t i a l  resection, is a physiologic react ion to a 

defici t  of hormone. In this connection, it  by no means can be considered as one of the means of self-restorat ion and, 
in part icular ,  as one of the paths to reparat ive regeneration.  

S U M M A R Y  

Thyroid gland of young albino rats and puppies reacted by  hypertrophy in response to hormone def ic iency in 
the organism. Hypertrophy of the fragment left  after par t ia l  resection is direct ly  re la ted  to the  size of the exeized 
portion of the gland and does not favor the regeneration of a new thyroid tissue. Thyroidin administrat ion prevents 
hypertrophy and st imulates the restorative processes in the thyroid gland. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  a r e  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of the  a b b r e v i a t i o n s  as  g iven  in the  o r i g i n a l  R u s s i a n  journal .  S o m e  or a l l  o f  t h i s  peri-  
od ica l  l i t e r a t u r e  m a y  w e l l  b e  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A c o m p l e t e  l i s t  of  t h e  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  a t  the b a c k  of t h i s  i s s u e .  
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