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The main attention in the study of the dynamics of physiological and reparative regeneration of the mam- 
malian thyroid gland (TG) has been concentrated on the morphology and function of the follicular cells [5, 12], 
which produce the thyroid hormone thyroxine (T4) and tri-iodothyronine (T~, and which are under the control of 
pituitary thyrotrophic function. It is also known that the parenchyma, the main part of the gland, contains not 
only thyrocytes (A and B cells), but also perifollicular or C cells. These cells possess structural and functional 
autonomy and are concerned with the production of several hormones: calcitonin (CT), which controls the blood 
calcium level, and serotonin and somatostatin [I, 2, 7, 9, 13]. The number and distribution of C cells are 
heterogeneous and depend on the age and species of the animals, and also on the character of the experimental 
procedures [i0, ii]. They are regulated mainly by the blood Ca level [14]. It is considered that this is an inde- 
pendent cell system, in which the number of cells increases through self-reproduction by mitosis, and not by 
transformation from follicular thyrocytes [6]. 

The aim of this investigation was to study the dynamics of morphological and physiological parameters of 
the albino rat TG at various times after resection of two-thirds of the gland. 

EXPERIMENTAL METHOD 

Experiments were carried out on 190 noninbred male albino rats. The ai~imals were killed in the morning 
under hexobarbital anesthesia, 3, 12, and 24 h and 2, 5, 7, 15, and 30 days after resection of TG. The control 
group consisted of intact ani~nals. Material for study was treated by histologic and some histochemical methods. 
The C cell population was studied in sections impregnated by Gimelius' method in De Grandi's modification or 
stained by Sawicki's method [15]. Small fragments of TG for electron-microscopic study of thyrocytes and C 
cells were fixed in glutaraldehyde and OsO 4 and embedded in a mixture of Epon and Araldite M. Ultrathin 
sections were stained with uranyl acetate and examined in the IEM-7A microscope. Repair processes were 
evaluated quantitatively by studying the trend of gravimetric parameters of the gland, the relative numbers 
of tissue components, and the height of the gland cells. Proliferative activity was estimated by counting mitotic 
activity of the thyrocytes (in 5000-6000 cells), and also by autoradiography with [3H]thymidine. 

In all series of experiments the basic parameters of the hormonal profile of TG were studied: intra- 
vital scanning with 1311, determination of T3, T4, CT, endogenous thyrotrophic hormone (TTH), and parathyroid 
hormone (PTH) levels in the blood serum, using commercial radioimmunoassay kits. To evaluate the state of 
the C cell system, besides CT and its physiological antagonist PTH, the blood CA concenf~ration was deter- 
mined biochemically. 

EXPERIMENTAL RESULTS 

Resection of two-thirds of TG was followed in the initial postoperative period (3-24 h) by marked struc- 
tural changes in all the residual part of the gland, as shown by complete or partial destruction of follicles ad- 
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TABLE i. 

Parameter studied 

Morphologic P a r a m e t e r s  of the Regenerat ing Rat TG 

Control 

Area of "new" tissue in zone of resection, percent 
Height of thyrocytes, p 

P 
MI of thyroeytes, percent 

P 
Number of C ceils (per field of vision) 

P 

4,5-+-0,12 

0,849-+0,04 

2,0-+0,3 

Resection, days 

1/2 

4,6-4-0,31 

1,44-+0,18 

0,17-+0,01 
6,5_+0,21 
dO,O01 

3,571-+0,52 
100,0 

1,93-+0,23 

5 �9 

0,9610,07 
6,8-+0,33 
<0,001 

3,912-+0,46 
<O,OOI 

2,188-+0,29 

15 

4,81-+0,69 
5,4-+0,26 
<0,005 

1,283-+0,41 
>0,25 

3,277-+ 0,3I 
<0,005 

3O 

5,83• 
5,2• 
<0,025 

0,985_+0,07 
>0,25 
1,64-+0,24 

TABLE 2. Parameters of TG Function in Rats at Different Times after Resection 

Parameter of 
hormonal pro- 
file 

T o gg/100 ml 
T.~, ng/ml 
TTH, gg/liter 
CT, Ig/ml 
Ca, mg% 

Control 

4,9-+0,27 
1,45-+0,!6 
2,8• 

28,9-+2,0 
2,55_+0,1 

3h 

m 

2,5• 
26,19::k2,6 
2,65-+0,1 

12h 

2,61_+0,1 
17,13• 
2,t3-+0,09 

Time after resection 

2~-h 

5,55• 0,87 
4,3• 

3,67• 
17,45-+4,6 
2,53-+0,04 

2 days 

2,920,21 
18,93=:k 5, I 

5 days 

5,4• 
4,8• 

3,49• 
19,66• 
3,25• 

15 days 

5,2-+0,6 
4,68+__0,5 
3,11• 

183,4• 
2,15• 

30 days 

6,44• . 
3,5• 

3,27• 
43,2• 
3,42• 

jacent  to the wound surface,  the formation of concentrat ions of epithelial cells with signs of re lat ive dediffer-  
entiation [8], prol i fera t ion of gland cells,  and hypert rophy of the foll icular epithelium over the whole volume of 
the gland. Higher values of mitotic activity were  found among ceils in the zone of injury. The intensity of 
function of the remaining foll icles was increased,  but the p lasma hormone levels remained below those in in- 
tact  animals.  

On the second day the number  of DNA-synthesizing cells in the zone of resec t ion  was 8.512 �9 0.93% (com- 
pared  with 3.453 • 0.42% in the control). Hypertrophy of the thyrocytes  (from 4.5 :~ 0.12 to 6.5 ~= 0.2! p ; P < 
0.005) and their  u l t ras t ruc tures ,  and activation of prol i fera t ive  and morphogenetic p r o c e s s e s  throughout the 
gland were  observed o n t h e  5th day after  resec t ion  (Fig. l a - c ) .  An increase  in the number  of dividing cells  in 
the organ as a whole was observed (Table 1). Pro l i fera t ion  of the epithelium, subsequent differentiation of the 
tb~vrocytes, and new follicle formation in the zone of resec t ion  lead to the development of ~new" t issue in this 
pa r t  of the organ, but the p a r a m e t e r s  of its volume and s t ruc ture  did not reach values necessa ry  for  complete 
compensation of the miss ing pa r t  of the gland (Table 1). In the remaining (intact) zone not only did the fikyro- 
cytes undergo hypertrophy,  but an increase  was observed in the mitotic index (MI) of the glandular cells of fo l -  
l ic les  of all s izes ,  with the format ion of new foll icles by fragmentat ion and division of existing ones. It can 
accordingly be concluded that TG in ra t s  r egenera tes  by regenera t ive  hypertrophy.  

The resec ted  ra t  TG was under marked functional s t r e s s .  The iodine-accumulat ing capacity of the gland, 
as an indicator  of the inorganic phase of iodine metabol ism,  on the 7th-Sth day was 121.7% of the level of rad io-  
active iodine uptake by the glands of intact  animals,  and the se rum T 3 and T 4 levels exceeded control  values 
(Table 2). The relat ive weight of the gland was r e s to red  toward the end of the 3rd week after  resect ion.  

Comparison of the T 3 and T 4 levels with the endogenous TTH concentrat ion and the histologic picture of 
the gland showed that the resec ted  gland was under functional s t ress ;  the maximal level of the specific pituitary 
hormone and, correspondIngly,  of the thyroid hormones  was observed 24 h and 5 days after  resec t ion  (Table 2). 
Marked signs of hyperfunction were c lear ly  visible in sections of the gland at  these t imes:  hypertrophy of 
thyrocytes ,  an Increase  in the size and number  of microvi l l i  in the apical pa r t  of the cells,  dilatation of capil-  
la r ies  of the cytoplasmic ret iculum, and vacuolation and a significant reduction in bulk density of the colloid. 
Toward the end of the experiment  (30 days) the p a r a m e t e r s  of TG function were  still not fully res to red  to normal .  

The study of regenera t ion  of C cells af ter  resec t ion  of TG showed a tendency for  their  number  (counted 
pe r  field of vision) to increase  on the 5th day (Table 1), and the inCrease became significant o n t h e  15th day; 
the number  of C cells increased  both in the wall of the foll icles and in the parafo l l icu lar  t issue.  It is at  this 
t ime that maximal  re lease  of CT into the blood s t r eam takes place, and its concentrat ion was more  than 5 t imes 
higher than in the control  group. Hypertrophy of the C cells  was observed histologically; mitotically dividing 
and binuclear cells were found among them (Fig. 2a), evidence of marked prol i fera t ive  changes in this popula- 
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Fig. i. Morphology of TG on 5th day after resection, a) DNA-synthesizing cells in wall 
of follicles and epithelial concentrations in zone of resection. Autoradiograph, counter- 
stained with Mayer's hematoxylin, 200>{; b) mitotically dividing thyrocyte in wall of small 
follicle of "intact zone." Hematoxylin and eosin, 400x; c) contact between basal part of 
thryoeyte (i) and capillary. Perivascular space (2) widened. Endothelial cell with num- 
erous microvilli (3), i0,000• 

t-ion, and conf i rming the i r  abil i ty to r ep roduce  t h e m s e l v e s .  Submicroscopiea l ly ,  ma rked  signs of ext rus ion of 
s e c r e t o r y  m a t e r i a l  were  obse rved  in the cy top lasm of the C ce l l s  (Fig. 2b, c). Consequently,  definite c o r r e l a -  
t ion is obse rved  between the morpholog ica l  and functional p a r a m e t e r s  cha rac te r i z ing  the C cel ls .  In the l a t e r  
s tages  the s t r e s s  reac t ion  sti l l  r emained ,  as  was  conf i rmed by the significantly r a i s ed  s e r u m  CT level .  

The C cel ls ,  which produce CT, a r e  known to regula te  the blood Ca level .  Compar i son  of s e r u m  Ca leve ls  
in intact  and thyro idec tomized  r a t s  showed tha t  the Ca balance of the animal  a f te r  r e sec t ion  of TG was r e l a -  
t ively s table  (Table 2). At the t ime  of max ima l  r e l e a s e  of CT into the blood s t r e a m  (15 days) the Ca level was 
min ima l ,  but a t  other  t imes  of observa t ion  r egu l a to r s  of Ca homeos t a s i s  were  functioning, i .e. ,  the r e s e r v e  
TTtI  pool of the pa ra thy ro id  glands was act ivated.  Thus 24 h and 30 days  a f t e r  r esec t ion  of TG the s e r u m  PTH 
level  was 2.16 -~ 0.1 and 2.21 :~ 0.1 I U / m l  r e spec t ive ly  compa red  with 6.4 �9 0.6 I U / m l  in the control .  

The exper imen ta l  r e su l t s  showed that  during the per iod  of max imal  functional s t r e s s  on the C cel ls  (15 
days) the s e r u m  T 3 and T 4 levels  we re  low. These  data  indicate par t i c ipa t ion  of the paxafo l l icu lar  cel ls  in 
regula t ion  of thyrocy tes  and conf i rm the i r  s y s t e m - f o r m i n g  ro le  [3]. Morphological ly ,  s igns of hypothyroid ism 
w e r e  found in the g%vrocytes in TG of an imals  kil led 15 days a f t e r  resec t ion :  p ro l i fe ra t ion  of connective t i s sue ,  
a d e c r e a s e  in height  of the fo l l icular  cel ls ,  and leveling of the microv i l l i .  

Thus the fo l l icu la r  thy rocy tes  and C cel ls  take p a r t  in the development  of r e p a i r  p r o c e s s e s  in the r e sec ted  
r a t  TG a imed at  r e s to r ing  the no rma l  functional p a r a m e t e r s  of the gland. Evidence of thyrocyte  r egenera t ion  - 
I n c r e a s e d  p ro l i f e r a t i ve  act ivi ty,  hyper t rophy  of the ce l l s  and u l t r a s t r u c t u r e s  - w e r e  m o s t  ma rked  on the 5th 
day a f t e r  resec t ion .  As r e g a r d s  the populat ions of pa ra fo l l i cu l a r  ce l l s ,  the i r  max imal  concentra t ion (per field 
of vision) and hyper t rophy  and the g r e a t e s t  r i s e  in CT level  were  obse rved  on the  15th day. 
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Fig. 2. Histologic and electron-microscopic features of C cells in regenerating r1~O. a) C 
cell of Lutact rat: Cytoplasm filled with electron-dense secretory granules containing C T, 
large nucleus, 4200• b) bLnuclear parafollicular cell (arrow) on 15th day ~ter resection. 
Impregnation by Grimelius' method, 200• c) secretory granules in cytoplasm of C cell, 
with varied elect:con density (15th day after resection), 10,O00• 
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