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Adminis t rat ion of L-thyroxine to ra t s  (500 #g per  ra t  weighing 150-160 g daily for two 
days) caused marked  stimulation of prol i ferat ive activity in the epithelium of the pan- 
creat ic  acini. The mean 24-hourly mitotic index was increased by 15 t imes,  and the 
number of cells synthesizing DNA was increased  by more than 20 times compared with 
the control.  L- thyroxine caused no significant changes in the level of prol iferat ive ac-  
tivity of the islet cells. 

The stimulant effect  of thyroid hormone on proliferat ive p rocesses  in the pancreas  has frequently 
been descr ibed [1-3]. However, quantitative data for the action of thyroid hormone on mitotic activity of 
the pancreat ic  epithelium are vir tual ly absent.  

The present  investigation was accordingly ca r r i ed  out to study the action of L-thyroxine on the level 
of DNA synthesis and on mitotic activity in the pancreat ic  epithelium of ra ts .  

L- thyroxine is known to stimulate mitotic activity in many organs.  This stimulation is associa ted 
not only with an increase  in the number of cells in the prol iferat ive pool, but also with some decrease  in 
the duration of the S-per iod of the mitotic cycle [4]. 

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

Two ser ies  of exper iments  were ca r r i ed  out on the ra t  pancreas .  In both se r ies  male albino rats  
with a mean weight of 150-160 g were used. In ser ies  I, six rats  received subcutaneous injections of 500 
pg L-thyroxine daily for two days at 1 P .M. ; the  remaining 6 rats  acted as the control.  On the following 
days all the animals rece ived  five intraperi toneal  injections each of thymidine-H ~ in a dose of 0.6 ~Ci/g 
body weight at 2 and 7 P.M., midnight, and 5 and 10 A.M. The specific activity of the thymidine was 1.4Ci/  
mmole.  The ra t s  were sacr i f iced  at 11 A.M., 1 h af ter  the last  injection. 

In ser ies  II, 36 experimental  ra ts  also rece ived  injections of 500 ~g L-thyroxine daily for two days. 
At 7 A.M. next day all the experimental  animals and the same number of control ra ts  received an injection 
of 250 pCi thymidine-H 3 (equivalent to about 1.7 ~Ci/g body weight). These animals were sacr i f iced in 
groups of three control  and three experimental  animals at a time, 30 rain and 1, 2, 3, 4, 6, 9, 12, 15, 18, 
21, and 24 h af ter  injection of thymidine-H 3. 

The pancreases  were fixed by Carnoy ' s  method and autoradiographs prepared  in the usual way (sec- 
tions 5 ~ thick, "type M" emulsion, exposure 20 days). Depending on the number of labeled nuclei and mi- 
toses, between 5000 and 30,000 acinar cells were counted in each case. The index of labeled nuclei and the 

mitotic index were determined. In series I all the cells of the islets falling in the field of vision also were 

examined and the number of dividing cells and the number of cells synthesizing DNA were determined. 
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TABLE 1. Ind ices  of P r o l i f e r a t i o n  in  Rats  of S e r i e s  I 

Group of 
expts. Rat no. of 

nuclei 
counted 

Acinar cells Islet cells 

Control 25 800 

25 800 
25 800 
25 800 
25 800 

index of mitotic 
labeled index 
nuclei(in %) (in ~ 

0,00 
0,04 
0,00 
0,04 
0,00 
0,00 

~ndex of 
no. of ~abeled 
nuclei ~ucLei counted ~in ~1o) 

3,10 
2,85 
7,30 
2,35 
4,03 
2,52 

0,03 
0,21 
0,24 
0,45 
0,12 
0,03 

935 
632 
274 
891 
546 

1 272 

mitotic 
index 
(in ~00) 

3,2 
0,0 
0,0 
0,0 
0,0 
0,0 

Mean 25 800 0,18+--- 0,013 ~- 0,5 
0,06 0,003 

7,00 
7,53 

Action of 7 
L-thytox- 8 
ine 

9 

10 
11 
12 

1,95 
3,45 

1,72 

8 700 
5 220 

17 400 

8 700 
8 700 

17 400 

3,33 
2,64 
1,03 

2,35-+ 
0,39 

II 000 

910 3,69 -+ 
0,79 

2 
244 1,64 
308 4,22 

353 2,27 

202 1,98 
Few islet cells 
833 0,36 

388 2,09-- + 
0,62 

Mean 

1,18 

3,45 
5,44 
1,44 

4,34 ~- 
1,01 

0,0 
0,0 

0,0 

0,0 

0,0 

0,0 
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Fig .  1. Changes  in pe r cen t age  
of l abe l ed  m i t o s e s  in  e p i t h e l i u m  
of p a n c r e a t i c  ac in i  of r a t s  t r e a t e d  
with L - t h y r o x i n e  at  s u c c e s s i v e  
t i m e s  a f t e r  i n j ec t i on  of l abe l ed  
t hymid ine .  A b s c i s s a ,  t ime  a f t e r  
i n j ec t i on  of t h y m i d i n e - H  ~ (in h); 
o rd ina t e ,  p e r c e n t a g e  of l a b e l e d  
m i t o s e s .  

In series If, in cases in which more than 20 mitoses could 

be found, the number of labeled mitoses was calculated as a per- 

centage of the total number of mitoses. A mitosis was regarded 

as labeled if it had three or more grains of reduced silver above it. 

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

The r e s u l t s  of the e x p e r i m e n t s  of s e r i e s  I a r e g i v e n  i n T a b l e  1. 

The fac t  wi l l  be noted that ,  despi te  the five i n j ec t i ons  of l a -  
be l ed  t hymid ine ,  r e v e a l i n g  the total  f r a c t i o n  of ce l l s  s y n t h e s i z i n g  
DNA in the cou r se  of the 24-h  pe r iod ,  the n u m b e r  of l a be l e d  a c i n a r  
ce l l s  in  the con t ro l  r a t s  was  e x t r e m e l y  s m a l l ,  n a m e l y  0.18%. The re  
were  l ikewise  v e r y  few m i t o s e s .  In the i s l e t  ce l l s  the index of 
l a b e l e d  nuc l e i  was  m o r e  than 20 t i m e s  h igher  (3.69%) than in the 
a c i n a r  ce l l s .  Despi te  the fac t  that  m i t o s e s  we re  found in the i s l e t  
ce l l s  of only one r a t ,  this  could  not ind ica te  low p r o l i f e r a t i v e  a c -  
t iv i ty ,  b e c a u s e  in  each  case  f e w e r  than  1000 ce l l s  were  counted,  
and the p r o b a b i l i t y  of f inding a m i t o s i s  was  low (for i n s t a n c e ,  if 
the mi to t i c  index is 0.50/o0, t he re  is  one m i t o s i s  to e v e r y  2000 ce l l s ) .  

A d m i n i s t r a t i o n  of L - t h y r o x i n e  g r e a t l y  s t i m u l a t e d  p r o l i f e r a t i o n  in the  a c i n a r  ce l l s  of the gland.  The 
n u m b e r  of ce l l s  s y n t h e s i z i n g  DNA in the c o u r s e  of the 24-h  p e r i o d  r e a c h e d  4.3%, while the mi to t i c  index 
r o s e  to 2.4~ However ,  this  a c t i v a t i o n  did not  ex tend  to the i s l e t  c e l l s .  The index of l abe l ed  nuc l e i  in  
the e x p e r i m e n t a l  a n i m a l s  was s l igh t ly  lower  than in  the con t ro l ,  a l though the d i f fe rence  was not s t a t i s -  
t i ca l ly  s i gn i f i c an t  (P = 0.14). 

The e x p e r i m e n t s  of s e r i e s  II were  c a r r i e d  out in  o r d e r  to d i s c o v e r  whe ther  the t ime  taken  by the 
ce l l s  to pa s s  th rough  the p e r i o d  of DNA s y n t h e s i s  (S) and through the pos t syn the t i c  pe r iod  (G2) is s h o r t e n e d  
when m i t o t i c  ac t iv i ty  in  the p a n c r e a s  is s t i m u l a t e d  by L - t h y r o x i n e .  

However, in the control rats of this series, just as in the rats of series I, mitotic activity of the ac- 

inar epithelium was so low that in the overwhelming majority of animals the percentage of labeled mitoses 

could not be determined. In series II, the effect of L-thyroxine on the proliferation level could be judged 

in relation to two indices: i) the mean index of labeled nuclei in the rats sacrificed during the first 4 h 

(the period of time when most ceils taking up the label have not divided) which was 0.31~ 0.07 {n the con- 
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t rol  and 1.20 ~-0.28 (P =0.004) in the experimental  group; 2) the mean 24-hourly mitotic index, which was 
0.11 * 0.040/o0 in the control  and 1.50 • 0.31~ in the experimental  ser ies  (P =0.000). 

Because of the increase  in mitotic activity in the experimental  ra t s ,  a curve of labeled mitoses  could 
be obtained for these animals (Fig. 1). According to this curve the G2-period for the experimental  rats  
lasts  about 31.5 h and the S-period about 11 h. 

The relat ively longer duration of the S-period in response to this degree of stimulation of p ro l i fe r -  
ation may perhaps be attributable to two causes .  F i rs t ,  the low initial level of proliferat ion,  as judged 
f rom the control  f igures .  Second, the insufficient time between the second injection of L-thyroxine and 
injection of thymidine. Mitotic activity in the experimental  rats  in fact continued to r ise  until the end of 
the experiment .  For  instance,  in the 16 ra ts  killed during the f i r s t  8 h after  injection of thymidine (18- 
26 h af ter  the second injection of L-thyroxine),  the mean mitotic index was 0.61=~ 0.13~ in the 8 rats  s ac -  
r i f iced during the next 8 h it was 1.834-0.50~ and in the 9 rats  sacr i f iced in the last  8 h of the exper i -  
ment, it was 3.20• This agrees  with repor ts  in the l i terature  that the latent period of action of 
thyroid hormone on cell division may be 24-48 h [6] or even longer [5]. 
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