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In this study, the development of the cardiac of rat stomach was investigated by light and electron microscope. Thirty rat fetuses rang
ing between 17-21 days old were used for this purpose. In conclusion, we confirmed that on the 19th day of fetal period, indifferent ep
ithelial cells differentiated partly; on the 20th day, stratified epithelium converted into simple columnar type, the glandular structure of 
the epithelium appeared, the strata of the cardiac wall were occurred completely; on the 21st day, all these structures were similar to 
those of adult rats. [Turk J Med Res 1996; 14(2):48-53] 
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T h e d e v e l o p m e n t o f s t o m a c h w a s s tud ied in different 
s p e c i e s as rat, m o u s e a n d m a n by va r i ous me thods like 
T E M , S E M , h is tochemis t ry (1-19). Howeve r , w e d o not 
h a v e m u c h k n o w l e d g e on the ul trastructural d e v e l o p 
ment o f the s t o m a c h espec ia l l y dur ing fetal per iod . 
M o r e o v e r , m o s t o f t h e s e s tud ies a re f o c u s e d on the g a s 
tric ep i the l ium (1 ,3 ,7 ,10-12 ,19) . 

T h e a im o f th is s tudy w a s to de te rmine the epi thel ia l 
ce l lu lar dif ferentiat ion a n d the morpho logy a n d the t ime 
of the a p p e a r a n c e of g l a n d s a n d s t ra ta o f the c a r d i a c wal l 
by us ing l ight -and e l e c t r o n - m i c r o s c o p e . Fur the rmore , we 
s tud ied the re la t ions b e t w e e n t hese s t ruc tures by light 
m i c r o s c o p e morphomet r ica l l y . 

MATERIALS AND METHODS 
Thirty rat f e t u s e s (6 f e tuses in e a c h group rang ing f rom 
17 to 21 d a y s in a g e h a v e b e e n u s e d in this study. T h e 
s t o m a c h w a s r e m o v e d f rom rat fe tuses . T h e c a r d i a c re
g i ons o f fetal s t o m a c h ob ta ined we re pre f ixed in 2% o s 
m i u m tet rox ide respec t i ve ly a n d dehyd ra ted in e thano l 
so lu t ions , a n d e m b e d d e d i n araldi t O Y 2 1 2 . Semi th in s e c 
t ions f rom arald i t b l ocks w e r e s ta ined with 1% to lu id ine 
b lue for light m i c roscopy , with urany l ace ta te and lead cit
rate its ultrathin s e c t i o n s for e lec t ron m i c r o s c o p y (20). 
P a r a m e t e r s s tud ied w e r e the epi thel ia l ce l lu lar di f ferenti
a t ion a n d t h i c k n e s s o f d i f ferent s t ra ta (ep i the l i um, 
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b las tem ic t i s sue , l am ina propr ia , s u b m u c o s a , t un i ca 
muscu la r i s ) of total wa l l , the height of the pi t -g land s t ruc
tures, the a p p e a r a n c e a n d morpho logy o f t h e s e s t ruc
tures. Semi th i n a n d thin sec t i ons w e r e e v a l u a t e d by u s 
ing light - a n d e lec t ron - m i c r o s c o p e respect ive ly . T h e 
t h i ckness a n d height o f t h e s e p a r a m e t e r s w e r e m e a 
su red by m ic rome te r on s e c t i o n s at the l ight m i c r o s c o p i c 
leve l . 

Stat is t ica l a n a l y s i s w a s car r ied out us ing S tuden t ' s 
t test. 

RESULTS 
Light microscopic observations: On the 1 7 t h a n d 1 8 t h 

d a y s o f fetal pe r iod , the ep i the l ium w a s strat i f ied, there 
w e r e pit s t ruc tures on its su r f ace . On the 1 7 t h day , the 
m e a n t h i ckness o f the ep i the l ium w a s the he ighes t o f fe 
tal per iod (62 .200±2 .191 urn). On the 1 9 t h day , i t d e 
c r e a s e d to 38 .660±3 .797 urn (p<0.05) (F ig . 1,2,3, Tab le 
1). On the 1 7 t h day, the b las tem ic t i ssue w a s rich in ce l l s 
and v e s s e l s (F ig . 1). O n the 1 7 t h day, the tun ica m u s c u 
laris c o m p o s e d o f two layers . On the 1 8 t h day , the m e a n 
t h i ckness o f the tun ica m u s c u l a r i s w a s 135 .000±3 .835 
urn, a n d on the 1 9 t h day d e c r e a s e d to 7 7 . 3 3 3 ± 2 . 2 9 1 urn 
(p<0.0001) (F ig . 1,2,3, Tab le 1). O n the 1 7 t h a n d 1 8 t h 

d a y s , the tun ica s e r o s a c o n s i s t e d o f s ing le layer with ova l 
and rounded ce l l s (F ig . 1,2). On the 2 0 t h day, the strat i 
f ied ep i the l ium of ca rd i a conver ted part ly into s imp le 
c o l u m n a r type . T h e g landu la r s t ruc tures a n d muscu la r i s 
m u c o s a we re s e e n i n the ep i the l ium a n d m e s e n c h y m e 
respec t i ve ly (F ig . 4) . On the 21s t day, the wal l o f ca rd ia 
w a s s imi lar to t h o s e o f adult rats (F ig . 5). On the 1 8 t h day, 
the m e a n t h i c k n e s s o f total fund ic wal l w a s the h e i g h e s t 
o f fetal pe r iod ( 3 2 5 . 0 0 0 ± 8 . 0 7 4 urn) (F ig . 2 , Tab le 1). On 
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Figure 1. The cardia of rat stomach on the 17th day of fetal pe
riod. Epithelium (e), blastemic tissue (b), tunica muscularis (tm), 
tunica serosa (single arrows), primitive pit (double arrow). 
Semlthin section, toluidine blue, x320 

the 2 0 t h d a y , t he m e a n he igh t o f p i t - g l and w a s 
73 .760+2 .006 urn , a n d 8 3 . 8 8 0 ± 7 . 6 7 8 u.m on the 2 1 s t 

day. 

Electron microscopic observations: On the 1 7 t h 

a n d 1 8 t h d a y s o f fetal pe r iod , the ep i the l ium c o m p o s e d o f 
^d i f fe ren t ia ted ce l l s . N u c l e u s o c c u p i e d a large propor
t ion o f the c y t o p l a s m . F r e e r i b o s o m e s we re o b s e r v e d in 
the c y t o p l a s m . F r e e r i b o s o m e s w e r e o b s e r v e d in the cy 
t o p l a s m . M i tochondr ia w e r e ova l a n d rounded i n s h a p e . 
T h e junc t iona l c o m p l e x e s w e r e s e e n be tween the lateral 
wa l l s a n d microv i l i on the ap ica l ce l l su r face (F ig . 6,7). 
On the 1 9 t h d a y o f fetal pe r iod , the pit s t ructures o f strat
if ied ep i the l ium pro t ruded toward the m e s e n c h y m e to 
form the g landu la r s t ruc tures as s h o w n by T E M (F ig . 8). 
In th is pe r i od , the ep i the l ium of the pit st ructure conver t 
ed into s ing le c o l u m n a r type , but the su r f ace ep i the l ium 
o f ca rd i a w a s still strat i f ied. S u r f a c e a n d g landu la r -ep 
ithel ial ce l l s h a d microvi l l i on ap ica l su r face and sec re to 
r y g r a n u l e s i n ap ica l c y t o p l a s m (F ig . 8). On the 2 0 t h d a y 
o f fetal pe r iod , the c a r d i a c g l a n d s s e e m e d in the ep i the
l ium. S u r f a c e - a n d g landu lar -ep i the l ia l ce l ls had more mi 
crovi l l i , sec re to ry g r a n u l e s and f ree r i b o s o m e s than those 

Figure 2. The developing pit (single arrow) in the cardia of rat 
stomach on the 18th day of fetal period. Semithin section, tolu
idine blue, x.320. 

3 

Figure 3. The histological structure of the cardia rat stomach on 
the 19th day of fetal period. Semithin section toluidine blue, 
x320 
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Table 1. T h e m e a n v a l u e s of the he igh t of the p i t -g land a n d of the t h i c k n e s s of the c a r d i a c wal l a n d its s t ra ta of the 
rat s t o m a c h on the 17-21 d a y s o f fetal pe r i od . 

Age 
(day) 

Epithelium 
(urn) 

Blastemic 
tissue (um) 

Tunica 
muscularis (um) 

Lamina 
propria (um) 

Submucosa 
(um) 

Total 
fundic wall (um) 

pit-gland 
height (um) 

17 62.200±2.191 
a 

72.667±1.607 135.167±2.47 
e 

303.33315.050 

18 62.017±3.686 78.667±2.492 
c 

135.000±3.835 325.00018.704 
m 

19 38.660±3.797 
b 

69.500±1.026 
d 

77.333+2.291 196.66711.421 
n 

20 29.200±0.800 66.667±0.637 96.50012.889 
g 

24.200±1.298 
i 

200.00013.163 73.76012.006 
r 

21 29.433±1.410 68.500±0.789 75.333±2.350 
h 

30.25±1.683 
k 

209.50018.391 83.88017.678 
s 

a, b: p<0.005; c, d: p<0.0001; e. f: p<0.0001; g, h: p<0.0001; i, k: p<0.05; m, n: p<0.0001; r, s: p>0.05 

Figure 4. The cardia of rat stomach on the 20th day of fetal pe
riod. Glandular structure (G), muscular is mucosae (mm). Figure 5. The differentiated glandular structures of the cardia of 
Semithin section,Joluidine blue, x320. rat stomach on the 21st day of fetal period. Semithin section, 

toluidine bule, x320. 

o b s e r v e d a t p rev ious pe r i ods . E n d o p l a s m i c ret icu lum ex
p a n d e d into the c y t o p l a s m . T h e e l onga ted n u c l e u s w a s 
f ixed in the b a s a l c y t o p l a s m o f su r f ace -and g landu la r 
ce l l s (F ig . 9) . On the 2 1 s t d a y o f fetal per iod , the ultra-
st ructure of s u r f a c e - a n d g landu la r -ce l l s of the ep i the l ium 
di f ferent iated we l l a n d interdig i tat ions w e r e qui te ex ten 

s i ve b e t w e e n the ne ighbor ing ce l l s para l le l to the d e v e l 
op ing even ts (F ig . 10). 

DISCUSSION 
I t w a s repor ted that the str ik ing c h a n g e s of the d e v e l o p 
ing s t o m a c h o c c u r in the ep i the l ium, m e s e n c h y m e a n d 
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Figure 6. The electron micrograph of the surface epithelial cell cretory granule (single arrow), basement membrane (double ar-
(E) in the cardia of rat stomach on the 17th day of fetal period. r o w ) - x 1 3 5 0 

Nucleus (N), microvillus (single arrows), x4500 

the m u s c l e layer (1-7) in fetal per iod and t hese f indings 
a r e suppo r t ed by our morpho log i ca l f ind ings. T h e s e 
even ts m a y be c l ose l y re la ted to the d e v e l o p m e n t o f the 

Figure 8. The electron micrograph of the glandular epithelial cell 
in the cardia of rat stomach on the 20th day of fetal period. 
Glandular structure (G), endoplasmic reticulum (single arrow), 
secretory granule (double arrows), x1350 

different layer o f the m u s c l e wa l l , as we l l as the fo rmat ion 
o f connec t i ve t i ssue e l e m e n t s a n d b lood v e s s e l s . Herber t 
e t a l , repor ted that on the 1 9 t h d a y of fetal rat, the strat i 
f ied ep i the l ium o f s t o m a c h c h a n g e d to s imp le c o l u m n a r 

9 \ , ' J 4 

Figure 9. The electron micrograph of the glandular epithelial cell 
in the cardia of rat stomach on the 20th day of fetal period. 
Glandular structure (G), endoplasmic reticulum (single arrow), 
secretory granule (double arrow), x4500 
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Figure 10. The electron micrograph of the cardia of rat stomach 
on the 21st day of fetal period. Nucleus (N), secretory granule 
(single arrows), interdigitation (double arrows) x1800 

type, the g l andu la r s t ruc tures a p p e a r e d a n d secre to ry 
g r a n u l e s o c c u r r e d in the s u r f a c e - a n d g landu lar -ep i the l ia l 
ce l l (1). Herber t ' s f ind ings, re la ted to secre to ry g ranu les , 
i s suppo r t ed by our mo rpho log i ca l f ind ings as s h o w n 
T E M (F ig . 8) . W e have s e e n that o n the 2 0 t h day, the ca r 
d iac ep i the l ium c h a n g e d to s imp le c o l u m n a r type c o m 
pletely, the g landu la r s t ruc tures occu r red a n d t h e s e f ind
ings w e r e in a c c o r d a n c e with t hose repor ted by Y e o m a n 
a n d Tr ier (2). On the 2 0 t h day, the a p p e a r a n c e o f the 
g landu la r s t ruc tures c a n be exp la i ned by an in tense e p 
ithel ial ce l l pro l i ferat ion. Interestingly, i t w a s repor ted that 
the mitot ic i nd i ces r e a c h e d to a p e a k at the 2 0 t h day 
a long with the a p p e a r a n c e of the g landu la r s t ructures 
(1,2). Un l i ke s o m e inves t iga to rs , we o b s e r v e d the s t ruc
tures o f the microvi l l i on the 1 7 t h they but not 1 9 t h day. 
F r o m 1 9 t h d a y t o 2 0 t h day, the r epea ted inc reas ing thick
n e s s of the ca rd iac wa l l c a n be re la ted to the i nc reas ing 
su r f ace o f the c a r d i a c ep i the l ium a n d the forming g l a n 
du lar s t ruc tu res . We suppo r t ed that in the last day of g e s 
tat ion, the latera l ce l l bo rde rs exh ib i ted interdigi tat idns 
with ne ighbor ing ce l l s , a n d this a p p e a r a n c e c o i n c i d e s 
with the per iod of rap id dif ferentiat ion of epi thel ia l ce l ls as 
repor ted before (1,2,3). A c c u r a t e t iming and s e q u e n c e o f 
the d e v e l o p m e n t o f t h e s e s t ruc tures m a y prov ide c lue to 
unde rs tand ing ce l lu la r in teract ions be tween the d e v e l o p 
ing layers of the c a r d i a . A c c o r d i n g to the f ind ings of pre
sen t s t ud ies , in fetal rat s t o m a c h i t c a n be say : On the 

1 9 t h day, the di f ferent iated epi thel ia l cel l a p p e a r e d first; 
on the 20th day, the strat i f ied ep i the l ium c h a n g e d to the 
s imp le c o l u m n a r type with lowest t h i c kness , the g l a n d u 
lar structure o c c u r r e d and the strata o f c a r d i a c wal l we re 
taken form. 

In c o n c l u s i o n , we con f i rmed that in fetal per iod of 
19-21 d a y s , the h is to log ica l di f ferentiat ion a n d matura t ion 
o f the gas t r i c ca rd i a c a n be c o m p l e t e d most ly a t the light-
a n d e l ec t r on -m ic roscop i c leve l . 

Prenatal sıçanda mide kardiya bölgesinin 
gelişmesi üzerine ışık ve elektron 
mikroskobik bir çalışma 
Bu çalışmada, embriyonal 17-21.günler arasında sıçan 
midesi kardiya bölgesinin gelişmesi ışık ve elektron 
mikroskobu ile araştırıldı. Bu amaç için 30 sıçan embriyonu 
kullanıldı. Sonuçta, embriyonal 19.günde; indifferensiye epi-
tel hücrelerinin kısmen farklılaştığı, 20.günde; çok katlı 
mukoza epitelinin tek katlı yapıya değiştiği, epitelde bez 
yapılarının görüldüğü, duvarın histolojik tabakalarının tama
men oluştuğu ve 21.günde; bütün bu yapıların görünüşte 
ergindeki yapılara benzedikleri saptandı. [Türk J Med Res 
1996; 14(2):48-53] 
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