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Between 45 and 50 % of the wall of the gast r ic  fundus was resected  in adult male rats.  By 
pulse labeling and 5 injections of thymidine-H 3 in the course  of the 24 h an increase in the 
number  of cel ls  synthesizing DNA and the number  of dividing cel ls  of all types was found in 
the chief glands of the s tomach during the l~irst 3 days af ter  resect ion.  On the 5th-10th day 
the level of prol iferat ion of all types of cells  was lower than in intact animals except for the 
DNA-synthesizing parietal  cells.  The daily number  of DNA-synthesizing cells  of all types 3- 
6 months af ter  the operat ion had r i sen  to the charac te r i s t i c  level for intact animals. The 
number  of cel ls  on the surface and pit epithelium and the number  of mucous neck and parietal  
cells  were increased.  Par t ia l  reduction and dedifferentiation of the zymogenic cells were ob-  
served.  

KEY WORDS: resect ion of the stomach; prol i ferat ion of the glandular epithelium; DNA syn-  
thesis; mitosis.  

A previous investigation showed that af ter  removal  of half of the gast r ic  fundus regenera t ion takes place 
in the res t  of the organ [8]. The a rea  of the mucous membrane  1 month af ter  resec t ion  was equal to 60% of 
the a rea  of the mucous membrane in intact ra ts  but it did not increase further.  F rom 3 to 6 months af ter  
resect ion hypert rophy of the mucous membrane  and of the outer  muscle coat, with an increase in their  thick- 
ness,  was observed.  The weight of the residual  part  of the s tomach 9 months after  the operation was close 
to the weight of the s tomach in intact ra ts  of the same age. The cha rac t e r  of the changes in DNA synthesis  
and cell division in the mucous membrane  of the resected  s tomach still awaited explanation. 

The investigation descr ibed below was ca r r i ed  out for this purpose. 

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

From 45 to 50% of the wall of the gast r ic  fundus was resected  in adult male rats  in the region of the 
g rea t e r  curva ture  [8]. The mitotic index (MI) and, through the index of labeled nuclei (ILN), the number  of 
DNA-synthesizing cel ls  in the chief  glands of the s tomach in the ear ly  stages af ter  the operat ion were de-  
termined in the exper iments  of se r ies  I. For ty  rats  weighing 250-300 g were divided into three groups:  1) 
animals undergoing resect ion of half of the gast r ic  fundus, 2~ animals undergoing a mock operation, and 3) 
intact rats .  The animals  were killed 1, 2, 3, 5, and 10 days af ter  the operation and 1 h af ter  a single in t ra -  
peri toneal injection of thymidine-H ~ (USSR product,  specific activi ty 1.4 Ci/mmole} in a dose of 0.5 #Ci /g  
body weight. The daily number  of DNA-synthesizing cel ls  in the chief glands of the ra t s '  s tomach was de-  
termined in the exper iments  of se r ies  II in the late stages af ter  the operation. In this ser ies  36 ra ts  weigh- 
ing 160-250 g were divided into two groups:  1) animals undergoing resect ion of the gastr ic  fundus, and 2) 
intact ra ts  of the same age (control}. Thymidine-H 3 was injected 5 t imes a day (every 5 h) at the rate of 
0.3 #Ci/g  body weight. As a resul t  of the repeated injections of the isotope all cells  in the S-phase of t'he 
mitotic cycle in the course  of the 24 h could be counted. The rats  were decapitated at 9 a.m. af ter  p re l imi -  
nary  s tarvat ion for 24 h. The mater ia l  was fixed by injecting Carnoy ' s  mixture into the stomach. Paraffin 
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T A B L E  1. Index of  L a b e l e d  Nuc le i  of  C e l l s  in Chie f  G a s t r i c  Glands  
of  Ra t s  in E a r l y  P e r i o d  a f t e r  R e s e c t i o n  (in p e r c e n t ;  M • m) 

Time after operation 
(in days) 

5 
10 

Control 
Mock operation 

Surface and pit [ Mucous neck 
epithelium ceils 

12,30~ 1,79 24,10-----0,77 
15,90=1,58 t4,10-+0,76 
18,5(}=0,38 11,30~ 1,0t 
5,25=0,59 6,00~0,45 
1,92=0,31 2,31--0,18 

8,00=0,48 4,83+0,10 
3,98~0,39 1,38• 

Parietal cells 

0,36-----0;014 
0,39--+0,032 
0,14=0,004 
0,03• 
2,17=0,032 

0,09=0,01 
0,05-+0,04 

Zymogenic 

cells 

1,35+-0,t4 
4,80=0,18 
1,97--~-0,17 
0,12-----0,01 
0,43=0,07 

0,76+--0,12 
0,04=0;005 

T A B L E  2, Mi to t i c  Index of  C e i l s  of  Chie f  G a s t r i c  Glands  of  Ra t s  in 
E a r l y  P e r i o d s  a f t e r  R e s e c t i o n  (in p e r c e n t ;  M • m) 

Time after operation 
fin days) 

3 
5 

10 

Control 
Mock operation 

Surface and " 
pit epithelium~ 

Mucous neck i 
cells 

Parietal cells 

5,77-+0,78 
8,55----- 1,01 
6,05-+0,80 
3,34-+0,11 
0,2I-+0,00 

17,64+0,85 
5,44--0,30 
9,56~0,37 
0,92+---.0,07 
0,88~0,17 

1,96-----0,04 
1,63-----0,15 
0,05+---0,06 
0,52-----0,04 
0,41-4-0,09 

5,13-+0,17 
2,22-+0,t8 

0,56~0,06 
0,75+-0,04 

0,60+-0,07 
0,57+-0,01 

Zymogenic 
cells 

0,39-+0,04 
0,40-+0,04 
0 84-+-0,17 

0,15-*-0,06 
0,10+-0,02 

s e c t i o n s  5 ]~ in t h i c k n e s s  w e r e  c o a t e d  with  d i lu te  l iqu id  type M ( S c i e n t i f i c - R e s e a r c h  Ins t i t u t e  of  P h o t o g r a p h i c  
C h e m i s t r y )  e m u l s i o n .  E x p o s u r e  con t inued  fo r  1 month.  A f t e r  d e v e l o p m e n t ,  the a u t o r a d i o g r a p h s  w e r e  
s t a i n e d  by the D o m i n i c i - K e d r o v s k i i  me thod .  M i t o s e s  and l a b e l e d  c e l l s  w e r e  coun ted  in 50 l ong i tud ina l l y  
s e c t i o n e d  g l ands  of  the g a s t r i c  fundus,  s t i l l  r e t a i n i n g  t h e i r  c h a r a c t e r i s t i c  s t r u c t u r e  and s i t u a t e d  not  l e s s  
than 30 g l ands  away  f r o m  the de fec t .  C e l l s  w e r e  r e g a r d e d  a s  l a b e l e d  if  t h e r e  w e r e  a t  l e a s t  4 g r a i n s  of s i l -  
v e r  above  t h e i r  nuc leus .  MI was  e x p r e s s e d  p e r  thousand  c e l l s  and the n u m b e r  of  D N A - s y n t h e s i z i n g  c e l l s  
(ILN) in p e r c e n t .  

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

On the l s t - 3 r d  day  a f t e r  the o p e r a t i o n  the n u m b e r  of D N A - s y n t h e s i z i n g  and d iv id ing  s u r f a c e  e p i t h e l i a l  
and m u c o u s  neck  c e l l s  was  c o n s i d e r a b l y  i n c r e a s e d  (Tab le s  1 and 2). L a b e l e d  m i t o s e s ,  m a i n l y  the e a r l y  
p h a s e s  - p r o p h a s e s  and e s p e c i a l l y  m e t a p h a s e s  - w e r e  found a t  t h e s e  s a m e  t i m e s  in both t ypes  of m u c u s -  
f o r m i n g  c e l l s :  On the 5th to 10th d a y  the p r o l i f e r a t i v e  a c t i v i t y  of  both t hese  t ypes  of  c e l l s  was  s h a r p l y  r e -  
duced ,  e s p e c i a l l y  in the e p i t h e l i u m  of  the p i t s .  DNA s y n t h e s i s  a l s o  was  c o n s i d e r a b l y  i n t e n s i f i e d  in the zy~ 
mogen ic  c e l l s  d u r i n g  the f i r s t  3 d a y s  a f t e r  r e s e c t i o n ,  but  the n u m b e r  of  m i t o s e s  was  i n c r e a s e d  only  on the 
3 rd  day .  A d e c r e a s e  in p r o l i f e r a t i v e  a c t i v i t y  a l so  was  o b s e r v e d  s t a r t i n g  on the 5th day.  The c y t o p l a s m  of 
the z y m o g e n i c  c e l l s  d id  not  s t a i n  with to lu id ine  b lue  on the 2 n d - 3 r d  day  a f t e r  the o p e r a t i o n .  Th i s  p h e n o m e -  
non i s  e v i d e n t l y  e x p l a i n e d  by  c h a n g e s  in m e t a b o l i s m  and in the s t a t e  of  the i n t r a c e l l u l a r  s t r u c t u r e s .  Dur ing  
the f i r s t  d a y s  a f t e r  r e s e c t i o n ,  m u c u s  -Formation was  o b s e r v e d  in s m a l l  g r o u p s  of  z y m o g e n i c  c e l l s  in the 
b a s a l  p o r t i o n s  of  s o m e  of  the g l ands ,  s o m e t i m e s  in i nd iv idua l  c e l l s .  On the 5 th-10th  day  those  zymogen ic  
c e l l s  whose  c h a r a c t e r  of  s e c r e t i o n  was  unchanged  s t a i n e d  with  to lu id ine  b lue  and e x h i b i t e d  b a s a l  b a s o p h i l i a .  
ILN was  i n c r e a s e d  in the p a r i e t a l  c e l l s  on the l s t - 2 n d  day ,  r e d u c e d  on the 3 r d - 5 t h  day ,  and s h a r p l y  i n -  
c r e a s e d  aga in  on the 10th day  (Table  1). The n u m b e r  of  m i t o s e s  was  m a x i m a l  on the l s t - 2 n d  day  (Table  2). 
L a b e l e d  m i t o s e s  a p p e a r e d  in the p a r i e t a l  c e l l s  on the f i r s t  d a y  and in the z y m o g e n i c  c e l l s  on the 2nd day.  
In the r a t s  u n d e r g o i n g  the m o c k  o p e r a t i o n  no r e g u l a r  c h a n g e s  in ILN o r  MI a t  the v a r i o u s  t i m e s  a f t e r  r e -  
s e c t i o n  w e r e  o b s e r v e d  in any type o f  c e i l .  If the r e s u l t s  ob t a ined  in a l l  a n i m a l s  unde rgo ing  the m o c k  o p e r a -  
t ion w e r e  added  t o g e t h e r ,  ILN in the m u c u s - f o r m i n g  and p a r i e t a l  c e i l s  was  ha l f  that  in the in t ac t  r a t s  and 
o n e - t w e n t i e t h  of  i t s  value  in the z y m o g e n i e  c e i l s .  The n u m b e r  of  m i t o s e s  in the s u r f a c e  c e i l s  was  ha l f  the 
c o n t r o l  f igu re ,  and in the o t h e r  t y p e s  of  c e i l s  t h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  f r o m  the con t ro l .  A s  a 
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chief  g lands  of the r a t  Fig.  1. N u m b e r  of c e i l s  of d i f f e r e n t  types  in 
s tomach  in the e a r l y  (A) and la te  (B) pe r i ods  a f t e r  r e s e c t i o n :  E) ex -  
p e r i m e n t ,  C) con t ro l  ( intact  a n i m a l s ) ,  IVIO) mock ope ra t ion ;  I) ce l l s  
of su r f ace  and pit  ep i t he l i um,  II) mucous  neck  ce l l s ,  III) p a r i e t a l  c e l l s ,  
IV) zymogen ic  ce l l s .  L i m i t s  of v a r i a t i o n s  of p a r a m e t e r s  a r e  indicated.  
A b s c i s s a ,  t ime  a f t e r  ope ra t i on :  in days  (A), in months  (B); o r d i na t e ,  
n u m b e r  of ce l l s  Of d i f f e r e n t  types  as  a p e r c e n t a g e  of the total.  

TABLE 3. Daily N u m b e r  (in pe rcen t )  of  DNA-Syn thes i z ing  Ce l l s  in 
Chief  G a s t r i c  Glands  of Rats  in Late P e r i o d s  a f t e r  Re se c t i on  (M =~ m) 

Time af- [ 
t e r  oper- [ 
ation (in 
months) 

1 

3 

6 

Group of 
animals 

Experimental 
Control . 
Experimental 
Control 
Experimental 
Control 

Surface and pit Mucous neck Parietal 
epithelium cells �9 cells 

20,16----- 1,07 
43,52----- 1,79 
32,02---4,25 
43,68-+-4,70 
56,42---+4,20 
51,84-+'3,16 

6,80--0,50 
10,99-----1,12 
7,59----- 1,12 
8,16• 
4,96• 
6,19--- + 1,63 

0,17-----0,03 
0,57"+-0,05 
0,11--+0,04 
0,17"+-0,05 
0,23+0,07 
0,40-----0,06 

Zymogerdc 
cells 

0,19---~0,04 
0,16~--0,03 
0,26-----0.10 
0,15--f.,06 
0,15-----0,09 
0,17-+-0,05 

Fig. 2. Section through hypertrophied 

mucous membrane of the rat stomach 
3 months after resection: cystic dila- 

tation of the basal zones of some glands 

and proliferation of interglandular stroma 

between them can be seen. Dominici- 
Kedrovskii's stain, 7 0 • 

result of the change in the level of proliferation in the epi- 
thelium of the resected stomach in the first two days after 
the operation the number of cells of the surface and pit epi- 
thelium was almost doubled (Fig. 1A), and by the 3rd and 
10th days the number of mucous neck cells was significantly 
increased. On the 5th-10th day the number of surface epi- 
thelial cells was close to the control level but the number of 
mucous neck cells remained increased. The number of 
parietal cells was reduced on the 1st days and returned to 
normal by the 5th-10th day. After an initial tendency to de- 
crease, the number of zymogenie cells returned to normal 
on the 5th day but fell again by almost half by the 10th day. 
The pyloric epithelium also responded to resection of the 
fundus by a change in the level of proliferation: by the 10th 
day ILN fell to 4.07 % (P = 0.016). In the early periods after 
resection of the stomach, as of other internal organs (liver, 
kidneys, lungs, pancreas, thyroid, and adrenal glands [1-7, 
10-13]), activation of proliferation during the first days after 
removal of part of the organ was followed by inhibition. 

The level of proliferation of all types of cells except 
the parietal cells remained low 1 month after resection of 
the gastric fundus. In the parietal cells the daily synthesis 
of DNA was increased threefold (Table 3). After 3-6 months 
the proliferative activity of all types of cells was stabilized 
at the level characteristic of intact animals~ The marked 
hypertrophy of the mucous membrane at these times was a 
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manifes ta t ion  of the adaptation of the organ  to the conditions crea ted .  The inc rease  in the number  of  ce l l s  
of the sur face  epi thel ium by 6 months a f te r  resec t ion  (Fig. 1B) explains the increased  depth of the pits  of 
the glands. The increased  number  of mucous neck ce l l s  cor responded  to a change in the size of the gland 
necks;  these were  increased  in length and often reached the basa l  zones of the glands. The number  of zy-  
mogenic cel ls  was reduced and some of them showed des t ruc t ive  changes.  The number  of par ie ta l  ce l l s  
was increased .  In the same  ra t  the s t ruc tu re  of the mucous m e m b r a n e  could d i f fer  in the region of the 
fundal part .  This  was par t i cu la r ly  noticeable 6 months a f t e r  the operat ion.  Bes ides  hyper t rophy  of the 
mucous m e m b r a n e  (Fig. 2) the basa l  zones of the glands showed cyst ic  di latat ions and increased  develop-  
ment  of the in terglandular  s t roma ,  and the dedifferent ia ted chief glands could be replaced  by m u c u s - s e c r e t -  
ing glands. Areas  of a t rophy of the mucous m e m b r a n e  were  found. In mos t  r a t s ,  however,  hyper t rophy of 
the mucous m e m b r a n e  of the resec ted  s tomach was predominant  and the genera l  condition of the an imals  
was per fec t ly  sa t i s fac to ry ,  indicating morphological  and functional adaptation of the organ to the new con-  
ditions. 
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