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R E S P O N S E  OF THE T H Y R O I D  GLAND TO 

E X P E R I M E N T A L  P A R T I A L  AND 

T O T A L  P A N C R E A T E C T O M Y  

R. I .  P o l y a k  a n d  V. I .  Z v y a g i n t s e v  UDC 612.44-06:612.34-089.87 

The terminal or central part of the pancreas was resected or the whole gland removed in dogs. 
At different times after the operation the morphological and functional state of the thyroid 
gland was studied by histological, histochemical, and morphometric methods. The changes dis- 
covered indicate that structural and functional transformations of the thyroid gland are deter- 
mined primari ly by the type of operation on the pancreas: Resection of the terminal portions 
causes temporary and slight changes in the thyroid gland, wl~ereas after total pancreatectomy 
marked degenerative and atrophic changes develop in the glands, leading to a state of functional 
exhaustion. 
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Functional connections between the thyroid gland and pancreas have frequently been described both clin- 
ically and experimentally, but most attention has been paid to the study of the response of the pancreas to 
hypo- and hyperproduction of thyroid hormones. The direction of adaptation of the thyroid gland and the extent 
of its reserves in states of partial or total pancreatic deprivation have not been specially studied. Yet such 
information would be interesting in connection with the study of the rationale of the use of hormones and drugs 
acting on the thyroid gland after partial and total pancreatectomy. 

E X P E R I M E N T A L  METHOD 

Experiments on 50 dogs were carried out by the method described previously [5]. In series I the ter-  
mina l  part  of the pancreas was resected (15 dogs); in series H the central part of the pancreas was resected 
and the main efferent ducts ligated and divided (15 dogs), whereas in series HI total pancreatectomy was per-  
formed (20 dogs). Between 3 days and 1 year after the operation the dogs were killed and the thyroid gland 

Department of Operative Surgery, Stavropol' Medical Institute. (Presented by Academician of the Acad- 
emy of Medical Sciences of the USSR A. P. Avtsyn.) Translated from Byulleten' ]~ksperimental'noi Biologii i 
Meditsiny, Vol. 86, No. 12, pp. 665-668, December, 1978. Original article submitted April 14, 1978. 

1 5 8 8  0007-4888/78/8612-1588 $ 07.50 �9 1979 Plenum Publishing Corporation 



Fig. 1. Thyroid gland of dog: a) intact: equal numbers of small, medium-sized, and large follicles; b) 
after resection of terminal parts of pancreas: many large i r regular ly  shaped follicles filled with thick 
colloid; c) after resect ion of central part  of pancreas: large follicles predominate but their maximal di- 
ameter  is reduced; desquamated thyrocytes present  in lumen; connective-tissue sepia widened; d) after  
pancreatectomy: small and medium-sized follicles predominate, some of them deformed, and separated 
by wide fibrous bands. Hematoxylin-eosin; a, b, c 56 x; d 140 x. 
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Fig. 2. Relative percentages of small (a), medium-sized (b), and large (c) 
follicles in thyroid gland of dog after resection of central part of pancreas. 

TABLE 1. Morphological and Functional Indices of the Thyroid Gland in Dogs of Control 
Group and Totally Pancreatectomized Dogs 
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pancmatecto- 
mized 

Relative proportions of 
i follicles, % 

~ "~ medium" 
Q) ~ ~ small sized large 
i Z ~  o 

- -  34~4 32 
to 5 32 
to 15 I0 40 
to 24 32 34.5 
to 33 58 3O 

5O 
3~5 

diameter height of 
of folli- thyroid epi- 
elcs, g thelium,/t 

954-1,8 
1264-5,4 
1144-5,0 
94.4-3,0 
774-3,2 

Mean value (M :~ m) 

B I  

index of 
colloid ac- 
cumulation 

4,24--I-0, I 
4, 14--0,07 
3,5q-0,08 
3,74-0, 1 
3,24-0,07 

23,04--1-0,91 11,34-0,4 
31,24-4-2,61 15,5~2,3 
33,14-4-1,81 16,2~0,9 
25,6-t-1,1 12,7+0,5 

2475 12,-~ 

effective 
surface 
area of 
follicles, 

98,64-2,0 
130,74-t-2, 1 
117,5-t-2,5 
98,04-4-3,2 

80,2 

1589 



measured ,  weighed, and studied his tological ly ,  h i s tomet r i ca l ly ,  and h is tochemica l ly .  Attention was paid to 
the color  and s ta te  of the colloid, its th ickness ,  the p r e s e n c e  of vacuolat ion of f i s s u r e s ,  the s ta te  of the 
connec t ive - t i s sue  septa  and blood v e s s e l s ,  and the dis tr ibut ion of fol l ic les  of l a rge ,  medium,  and sma l l  d i a m -  
e ter .  In 50 fol l ic les  of each p repa ra t ion  the d i a m e t e r  of the fol l ic les  and the height  of the thyroid epithelium 
w e r e  m e a s u r e d  in f ive f ie lds  of vision,  and Braun ' s  index (BI) [2], the index of colloid accumulat ion [1], and 
the effect ive su r face  a r e a  of the fol l ic les  w e r e  de termined.  Sections were  stained with hematoxy l in -eos in  and 
by Van Gieson ' s  method. The content of acid and alkal ine phosphatases  (by G o m o r i ' s  method}, RNA (by 
Brache t '  s method),  DNA (by Feu lgen ' s  method), and neutral  mucopolysacchar ides  (by McManus'  s method) was 
de termined.  The numer i ca l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys is .  

EXPERIMENTAL RESULTS 

The re su l t s  showed that  s t ruc tu ra l  and functional t r ans fo rma t ions  of the thyroid gland a re  due p r i m a r i l y  
to the type of opera t ion  on the panc reas .  Fo r  ins tance,  a f t e r  r e sec t ion  of the t e rmina l  pa r t s  of the p a n c r e a s  
fol l ic les  of l a r g e  d i a m e t e r  p redomina te  (47-56%) in the thyroid gland and a re  f i l led main ly  with dense,  in tensely  
s ta ined colloid, s o m e t i m e s  with f i s s u r e s .  In the cen te r ,  however ,  fol l ic les  of smal l  o r  medium s ize  w e r e  
p resen t .  The re  w e r e  few re so rp t ion  vacuoles .  BI increased ,  indicating some  d e c r e a s e  in thyroid function. 
After  3 months the number  of smal l  and m e d i u m - s i z e d  fol l ic les  was increased  and the colloid was stained 
m o r e  palely.  Resorp t ion  vacuoles  w e r e  p resen t .  The thyroid epithelium was on ave rage  a l i t t le  h igher  (Fig. 
1). The effect ive su r face  of the fo l l ic les ,  BI, and the index of colloid accumulat ion were  s i m i l a r  to the values  
of these  indices in intact  dogs.  Toward  the end of the per iod of obse rva t ion  the number  of fol l ic les  of different  
d i a m e t e r s  became  equal and the mean  d i a m e t e r  of the fol l ic les  fel l  to 102-100 it. The number  of sma l l  fol l ic les  
inc reased  cons iderab ly  as a r e s u l t  of the fo rmat ion  of new fol l ic les .  The colloid was main ly  liquid, pale  in 
color ,  with f requent  vacuoles  and many  mi toses .  The d i ame te r  of the nuclei  and the height of  the thyroid epi -  
thel ium and BI w e r e  indis t inguishable  f r o m  those  in the control .  The r e sponse  of the thyroid gland to r e s e c -  
tion of the t e rmina l  p a r t s  of the panc rea s  was thus phasic  in cha rac t e r .  Af te r  the opera t ion function was de -  
p r e s sed ,  but signs of s t imulat ion of function soon appeared  in those  pa r t s  that  had been in a s ta te  of r e l a t ive  
res t ;  l a t e r  the thyroid glands entered  into the phase  of r ecove ry .  

The r e sponse  was different  to r e sec t ion  of the cen t ra l  pa r t  of the panc reas  accompanied  by l igat ion and 
division of the main  e f fe ren t  ducts.  The absolute  weight  of the thyroid gland d e c r e a s e d  but the re la t ive  weight  
inc reased  because  of the d e c r e a s e  in body weight. During the f i r s t  2 days fol l ic les  of l a rge  d i ame te r  p r e d o m -  
inated (58-60%), and the mean d i ame te r  of the fol l ic les  was 121 • 3.1 it. The colloid was  mos t ly  dense  and it 
s tained intensely.  Resorp t ion  vacuoles  w e r e  few in number .  Low epithelium, in p laces  cubical ,  but h igher  in 
o thers ,  was seen. T h e r e  were  few mi toses .  The mean  d i a m e t e r  of the nuclei and the height of the epi thel ium 
w e r e  reduced  a l i t t le  c o m p a r e d  with the control  group to 3.4 �9 0.3 and 4.0 ~= 0.4 ~, r e spec t ive ly .  BI Was in-  
c r e a s e d  to 30.9 • 3.8. 

A gradual  d e c r e a s e  in the mean  d i a m e t e r  of the fol l ic les  then took place  but l a rge  fol l ic les  st i l l  p r e -  
dominated.  The index of colloid accumulat ion and the effective su r face  a r e a  of the fol l ic les  both dec reased .  
A fu r the r  reduct ion in s ize  of the nucleus and in the height of the colloid epi thel ium continued. The ep i the l ium 
was uniform and low. BI fel l  s lowly but st i l l  r emained  f a i r ly  high a t  28.8 • 2.4, The re  w e r e  v e r y  few mi toses .  
Desquamation,  degenera t ion ,  and necrob ios i s  of the epi thel ium were  observed .  Connective t i s sue  pro l i fe ra ted ,  
deforming  the fo l l ic les ,  and seepage  of colloid into the s t r o m a  could be seen. L a t e r  signs of a t rophy w e r e  
c l ea r l y  manifes ted .  

Total  p a n c r e a t e c t o m y  without r e p l a c e m e n t  therapy  caused death of the an ima l s  in the cou r se  of 3-6 
weeks .  During the f i r s t  days l a rge  fo l l ic les  f i l led with dense  colloid predominated  (62%) in the thyroid gland 
(Table 1). The index of colloid accumulat ion was 15.5 • 2.3, the effect ive su r f ace  a r e a  of the fol l ic les  was  
130.7 �9 2.1 #, and BI was high at 31.2 • 2.6. L a t e r  the ma jo r i ty  of fol l ic les  we re  smal l ,  often deformed.  The 
mean d i a m e t e r  of the fol l ic les  fel l  to 77 • 3.2 it, the colloid accumulat ion index to 12.0, and the effect ive s u r -  
face  a r e a  of the fol l ic les  to 80.2 t~. The nucleus b e c a m e  much f l a t t e r  and the height of the thyroid epithel ium 
decreased .  The mean  d i a m e t e r  of the nuclei b ecame  2.8 �9 0.07 # and thehe igh t  of the thyroid epi thel ium 3.2 • 
0.07 #. BI was 24.0. I nc rea sed  desquamat ion  of the epithelium was obse rved  in the glands and its nuclei b e -  
came  pycnotic.  Seepage of colloid into the s t r o m a  and walls  of blood ve s se l s  was well  marked .  Activi ty of a l -  
kaline and, in pa r t i cu la r ,  acid phospha tases  dec reased ,  as also did the RNA content in the cy top lasm of the 
epithelium and in the nucleoli  and a lso  the DNA content in the nuclei of the fo l l icular  and in te r fo l l icu la r  ep i -  
thel ium. Neutra l  mucopo lysacehar ides  w e r e  detected in the colloid as cons ide rab le  accumulat ion of PAS-  
pos i t ive  ma te r i a l .  Changes indicating functional exhaust ion developed ea r ly  in the thyroid  gland. 
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Comparison of the effect of the different types of pancreatic resection on the structure of the thyroid 
glands shows that after resection of the central par t  structural  changes in the thyroid gland increased, where- 
as after  resect ion of the terminal parts  a recovery  phase began at different times in different dogs, and it co- 
incided in time with the development of regenerat ive processes  in the resec tedpancreas .  Incomplete regenera-  
tion of the pancreas has been reported on several occasions previously [3, 4, 6]. It was emphasized [4] that 
the weight of the pancreas af ter  resection was less than its weight in the control. However, this did not take 
account of the fact that the resections of the dog's pancreas were not equivalent as regards the conditions 
created after  the operation for regeneration [5]. Removal of the central par t  of the pancreas led to atrophy 
and sclerosis  of the residual areas.  After resect ion of the terminal parts,  when the main efferent ducts r e -  
mained patent, the weight of the residual par t  of the pancreas, although not reaching its weight in the control, 
was nevertheless always appreciably grea ter  than the mean weight calculated for that same part. This fact, 
together with the recovery  of the internal and external secre tory  functions of the pancreas, indicates that under 
certain conditions (patency of the ducts) the pancreas quite clearly has adequate powers of regeneration. Res- 
toration of pancreatic function and the increase in weight of the residual part  of the organ were also accom- 
panied by gradual return of the thyroid gland to its initial morphological and functional state. 

The results  are evidence that after partial or total pancreateetomy, if attempts are  made to influence 
the functional state of the thyroid gland the type of operation and the t ime elapsing after the operation must be 
taken into account. 
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