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Large  doses  of thyroid ex t r ac t  (up to 100 rag/100 g body weight daily) inc reased  DNA syn- 
thesis  in the epi thel ium of the fundal glands of the r a t  s tomach a f t e r  four weeks and d e -  
c r ea sed  it a f t e r  16 weeks .  Small  doses  of thyroid ex t r ac t  (up to 25 rag/100 g body weight 
daily) i nc reased  DNA synthes is  a f te r  both 4 and 16 weeks.  The ampli tude of the fluctuations 
in the diurnal  curve of DNA synthes is  was reduced four weeks a f te r  adminis t ra t ion  of 6 -  
methyl th iourac i l  (20 rag/100 g body weight daily), with a tendency toward normal iza t ion  
a f te r  16 weeks .  Total  thyro idec tomy reduced the fluctuations of the diurnal curve  of DNA 
synthesis  a f te r  4 and 16 weeks.  In both the l as t  s e r i e s  DNA synthesis  was reduced.  

The p roce s s  of cell renewal  in the ga s t r i c  mucous membrane  is of in te res t  both to normal  physiology 
and to pathophysiology, with pa r t i cu la r  r e f e r ence  to oncology. 

Since the 1950s, in the course  of many invest igat ions,  mi toses  have been found in the cel ls  of the fun- 
dal glands of the r a t  s tomach  [10, 15, 19] and incorpora t ion  of labeled thymidine by the cel ls  has been 
demons t ra ted  [12-14]. The work of Timashkevich  [4-6] and of Clark and Baker  [8] has demons t ra ted  the 
diurnal  per iodic i ty  of cell  division in the fundal glands of the s tomach.  The role  of the thyroid gland in 
cell  division has  been  demons t ra t ed  in the epithelial  cel ls  of the cornea ,  skin, and intestine [1, 3, 7]. Mor- 
phological and functional changes in the r a t  s tomach  under the influence of the thyroid gland have been s tud-  
ied [2, 9, 17]. However ,  no quanti tat ive analys is  has been made of cell  renewal  in the fundal glands ~ of the 
s tomach .  

The object  of this invest igat ion was to de te rmine  the effects  of hyper- ,  hypo- ,  and athyroid s ta tes  in 
r a t s  on DNA synthes is  in the var ious  epi thel ial  ce l ls  of the fundal glands of the s tomach.  

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

The exper imen t s  of s e r i e s  I were  c a r r i e d  out on 115 male  Wis ta r  r a t s  weighing 150-170 g. The r a t s  
were  divided into five equal groups with 23 in each group.  The r a t s  of group 1 (thyrotoxicosis)  r ece ived  
thyroid ex t r ac t  with the i r  food daily as follows: f i r s t  week 10 mg/100 g body weight, second week 25 m g /  
100 g, third week 40 rag/100 g, and fourth week 60 rag/100 g (total dose for  the four weeks 945 mg/100 g). 
The r a t s  of g roup  2 r ece ived  thyroid ex t r ac t  f rom the f i r s t  to the fourth weeks in a dose of 15 mg/100 g 
body weight (total dose 420 mg/100 g). The r a t s  of group 3 were  intact  an imals  (control). The ra t s  of 
group 4 rece ived  6-methyl th iouraci l  (6-MTU) in a daily dose of 20 rag/100 g body weight with the i r  food 
(total dose 560 rag/100 g). Total  thyro idec tomy was p e r f o r m e d  on the r a t s  of group 5. 

The expe r imen t s  of s e r i e s  II were  c a r r i e d  out in a s i m i l a r  way but the hormona l  t r e a t m e n t  las ted 16 
weeks .  In group 1 the dose of thyroid ex t r ac t  f r o m  the 5th to the 10th week was inc reased  to 80 rag/100 g, 
and f r o m  the l l t h  week until the end of the expe r imen t  to 100 mg/100 g (total dose 8505 mg/100 g); in 
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Fig. 1. Dynamics 
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of DNA synthesis  
in mucous-forming cells in the fun- 
dal glands of the stomach" A) in su r -  
face epithelial cells af ter  hormone 
t rea tment  for 4 weeksI B) for 16 
weeks; C) in mucous cei ls  of the neck 
of the gland af ter  4 weeks; D) ditto 
af ter  16 weeks. Here and in Fig. 2: 
1) thyroid ext rac t  in total dose of 945 
m g / 1 0 0 g  (group 1); 2) thyroid extract  
intotal  dose of 420 mg/100 g (group 2); 
3) control {group 3); 4) 6-MTU {group 
4); 5) thyroidectomy {group 5). Ab- 
sc issa ,  t ime of day when animals were 
sacr i f iced;  ordinate,  percentage of la-  
beled nuclei for each type of cell in 
the fundal glands of the rat  stomach. 
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Fig. 2. Dynamics of DNA s y n -  
thesis in specialized cells of the 
fundal glands of the stomach: A) 
in peptic cells af ter  hormone 
t rea tment  for 4 weeks; B) for 16 
weeks; C) in oxyntic cells after  
t rea tment  for 4 weeks; D) for 16 
weeks. 

group 2 f rom the 5th week and until the end of the experiment  the 
animals received thyroid extract  in a daily dose of 25 mg/100 g 
(total dose 2520 mg/100 g); the animals in groups 4 and 5 r e -  
ceived the same t rea tment  as in se r ies  I, but for a period of 16 
weeks. 

The animals were kept on the standard diet used at the In- 
stitute of Nutrition, Academy of Medical Sciences of the USSR; 
food was given to the ra ts  daily between 10 and 11 A.M. 

At the end of t reatment  with the hormones  5-6 ra ts  f rom 
each group in each se r ies  were sacr i f iced at 7 and 11 P.M. and 
3 and 7 A.M. Only water  and no food was given to the animals 

for the 24 h before sacr i f ice .  An intraperi toneal  injection of 0.3 pCi thymidine-H 3 per g r a m  body weight 
was given to each r a t  1 h before sacrif ice;  the ra ts  were killed by decapitation. The stomach was fixed with 
Caxnoy's mixture and embedded in paraffin wax, and sections were cut to a thickness of 5-7 #. The sections 
were coated with type M (NIKFI) photographic emulsion, exposed fo r  19 days, developed, and then stained 
with Meyer ' s  hematoxylin and eosin. Labeled cells were counted in 50 longitudinally divided fundal glands 
of the s tomach separa te ly  in cells of the surface epithelium, mucous cells of the neck of the gland, and 
oxyntic and peptic cells.  The mean number of cells with labeled nuclei in 100 cells of each type was calcu- 
lated. A cell was regarded as labeled if it was covered by five or  more  granules .  

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

The mean number of cells in the fundal gland of the ra t  s tomach was found to be 108, of which 41.7 
are  surface-epithelial ,  15.1 mucous, 15.3 oxyntic, and 35.9 peptic. The distribution of labeled nuclei showed 
considerable inequality, as follows: on the average 43.7% of labeled nuclei were in sur face-ep i the l ia l  cells,  
40.1% in mucous cells  of the neck of the gland, 7.2% in oxyntic, and 9% in peptic cel ls .  

The hormone t rea tment  given caused significant changes in the process  of DNA synthesis in all types 
of cells in the fundal glands of the ra t  s tomach.  

Curves showing the charac te r  of the changes in DNA synthesis  are  given in Figs.  1 and 2. It is in -  
terest ing to note that significant differences were fotmd during the period of maximal synthesis ,  which, as 
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the result showed, occurs between 7 and II P.M. (for the surface epithelia and mucous cells it was closer 
to 7 P.M. and for the oxyntic and peptic cells it was closer to 11 P.M.) and at other times they were vir- 
tually absent. Comparison of the curves obtained in the experiments of series I and II shows the role of 
the dose and duration of action of the thyroid hormone or 6-MTU in this process. During administration of 
thyroid extract in increasing doses an increase in DNA synthesis by all types of cells was obs erred after 4 weeks. 
For instance, at Ii P.M. 0.7% of the peptic cells (group i) incorporated thymidine-H 3 compared with 0.5% of 
peptic cells in the control (group 3; Fig. 2A), while with a further increase in the dose and duration of ad- 
ministration there was a significant decrease in the intensity of DNA synthesis in the more specialized 
oxyntic and peptic cells (at ii P.M. only 0.35% of the peptic cells incorporated thymidine-H 3 compared with 
0.55% of peptic cells in the control; Fig. 2B) and to a lesser degree in the mucous-forming cells. Adminis- 
tration of small doses of thyroid extract (group 2) increased the intensity of DNA synthesis after both 4 and 
16 weeks of the experiment. Hypothyroidism induced by administration of 6-MTU (group 4) like athyroidism 
a f t e r  total  thyro idec tomy (group 5), led to a d e c r e a s e  in DNA synthesis  and to a dec rease  in the ampli tude 
of the diurnal fluctuations of its curve ,  thus, conf i rming the exist ing view that  the thyroid gland plays a 
r egu la to ry  role  in the diurnal  per iodic i ty  of cell  division [1]. 

This invest igat ion thus showed that  the thyroid gland regu la tes  the p rocess  of renewal  of the ep i the -  
l ium of the fundal glands of the s tomach  and that the regu la to ry  effect  is s t ronge r  on the more  specia l ized  
epi thel ium. In addition, the impor tan t  ro l e s  of the dose and t ime of admin is t ra t ion  of thyroid hormone a re  
apparen t .  Fai lure  to pay adequate r e g a r d  to this fact ,  in the w r i t e r ' s  opinion, is the commones t  cause  of 
the conflicting r e su l t s  obtained in d i f ferent  s e r i e s  of exper imen t s  to study the ro le  of the thyroid gland in 
physiological  p r o c e s s e s .  
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