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S T U D I O R U M  P R O G R E S S U S  

A Study on Amino Acids in Gastric Mucosa During Differentiation and Their Significance. I 

FUJIE et  al. 1 us ing  t he  33% alcohol  me thod ,  car r ied  o u t  
e x p e r i m e n t s  in  wh ich  t h e y  i so la ted  t he  surface  ep i the l i a l  
ceils f rom the  mucous  m e m b r a n e  of r a t  g l and  s t o m a c h  an d  
r eached  t he  conclus ion  t h a t  t h e  gas t r ic  h o r m o n e  'p roduc-  
t i n '  ( F u j  IE) w h i c h  is c o n t a i n e d  in these  cells was  e x t r a c t e d  
in to  t he  alcohol.  T h a t  is to  say, a p r o m o t i v e  effect  on t h e  
p r o d u c t i o n  of sec re to ry  granules  in t he  gas t r ic  chief  cells 
c an  be obse rved  in s t a r v e d  ra t s  a f t e r  a s.c. i n j ec t i on  of t h e  
NaCl-so lu t ion  o b t a i n e d  f rom the  e v a p o r a t e d  alcohol.  

Vacuoles  are seen in t he  s u b n u c l e a r  p o r t i o n  of t h e  
gas t r ic  surface  ep i the l ia l  cells a n d  these  show an  increase  
or a decrease  u n d e r  r e spec t ive  e x p e r i m e n t a l  condi t ions .  
F u j I E  surmises  t h a t  t he  c o n t e n t  of these  vacuoles  will be  
his ' p roduc t i n ' .  The  exis tence  of an  imidazo l  g roup  a n d  a 
p h e n o l  g roup  in t h e  s u b n u c l e a r  p o r t i o n  of t h e  surface  epi- 
the l i a l  ceils where  t he  ' p r o d u c t i n '  vacuoles  were seen was 
p r o v e d  h is tochemica l ly~ ,  and  th i s  would sugges t  f u r t h e r  
research  of ' p r o c u d t i n ' .  

To f ind t h e  ef fec t ive  s u b s t a n c e  in t h e  33% alcohol  men-  
t i oned  above,  F u j I E  et  al. 3 ana lyzed  t h e  alcohol  b y  t h e  
a m i n o  acids ana lyze r  and  p r o v e d  t he  presence  of h i s t i d ine  
( imidazol  group),  t y ros ine  (phenol  group),  dozens  of o t h e r  
a m i n o  acids and  severa l  r e l a t ed  compounds .  1V[ABUCHI 4 

Fig. 1. The stomach of a 15-day-old embryo. H + E staining. • 100. 

e x a m i n e d  t h e  effect  of each  of these  amino  acids on  t he  
gas t r ic  chief  cells of f a s t ing  r a t s  b y  the  s,c. i n j ec t ion  of 
a m i n o  acid so lu t ion  an d  o b t a i n e d  resul t s  t h a t  lysine,  h is t i -  
dine, a rg in ine  a n d  ty ros ine  all  p r o m o t e d  t h e  p r o d u c t i o n  of 
sec re to ry  g ranu les  in  t h e  chief  cells. His  resu l t s  seemed t o  
suggest  a s u b s t a n c e  s imi la r  to  ' p r o d u c t i n '  c o m p o n e n t .  

Continuing from the above results, the author, using 
fetal and neonatal rats, investigated amino acids in the 
gastric mucosa during the gastric development and the re- 
lationship between the initiation of the secretory granule 
production in the chief cells and the amino acids in the 
nlucosa .  

Materials and methods. A d u l t  W i s t a r  r a t s  were used. 
The  es t rus  cycle of t h e  female  r a t  was  e x a m i n e d  b y  va-  
g ina l  smea r  s t a ined  w i t h  Giemsa  solut ion.  The  es t rous  fe- 
male  r a t  was  k e p t  in a wire  cage w i t h  a ma le  for 1 n ight .  
The  n e x t  d ay  was ca lcu la ted  as t h e  1st d a y  of p regnancy .  

Mater ia l s  were t a k e n  f rom fe ta l  r a t s  an d  n e o n a t a l  r a t s  
d u r i n g  a per iod  of f rom 15 days  a f te r  fe r t i l i za t ion  to  23 
days  a f te r  b i r th .  To t ake  ma te r i a l s  for t h e  his to logical  ob- 
se rva t ion ,  t h e  t h o r a x  was opened  u n d e r  deep e t h e r  nar -  
cosis an d  L u n a ' s  l iqu id  was in jec ted  in to  t h e  a r t e r y  f rom 
t h e  lef t  h e a r t  ven t r i c l e  for t h e  v i t a l  f ixa t ion .  T h e n  t h e  sto-  
m a c h  was t a k e n  out ,  smal l  pieces were t a k e n  f rom the  
g l andu la r  p o r t i o n  of t h e  s t o m a c h  (gland s tomach)  a n d  
t h e y  were  p u t  in to  Zenke r ' s  f i x a t i v e  or K o l s t e r ' s  f i x a t i v e  
for  pos t - f ixa t ion .  

R o u t i n e  d e h y d r a t i o n  by  e t h an o l  an d  e m b e d d i n g  in pa-  
ra f f in  followed. Serial  sect ions  of 7tzm were cu t  f rom the  
s t o m a c h  f ixed b y  Zenker ' s  f i xa t i ve  a n d  were s t a ined  b y  
h e m a t o x y l i n - e o s i n  for genera l  h is to logica l  o b s e r v a t i o n ;  
sect ions  of 4~zm were cu t  f rom t h e  m a t e r i a l  f ixed  b y  
Ko l s t e r ' s  f i xa t ive  a n d  these  were s t a ined  b y  H e i d e n h a i n ' s  
i ron h e m a t o x y l i n  for cytological  o b s e r v a t i o n  of t h e  gast r ic  
gland,  

Also, t h e  t h o r a x  a n d  a b d o m e n  of o t h e r  r a t s  were 
opened  u n d e r  deep e the r  narcosis ,  a n d  0.9% NaC1 so lu t ion  
was per fused  f rom t h e  lef t  h e a r t  ven t r i c l e  u n d e r  c o n s t a n t  
pressure .  The  l iver  was cu t  in to  m a n y  lobi  a n d  t h e  NaC1 
so lu t ion  per fus ion  was c o n t i n u e d  u n t i l  on ly  a colorless 
f lu id  f lowed o u t  of t h e  incized l iver.  T h e n  t h e  g land  s t o m a c h  
was t a k e n  out,  opened  f rom t h e  lesser c u r v a t u r e  a n d  
washed  in phys io logica l  sal ine solut ion.  T h e n  t h e  m a t e -  
r ials  were p laced  in 33% alcohol.  I n  t h e  case of a smal l  
s t o m a c h  2.5 ml  a lcohol  pe r  a s tomach ,  of a b ig  s t o m a c h  
5.0 ml  alcohol  pe r  s t o m a c h  was used. Severa l  s t o m a c h s  
were  p laced  in a bot t le .  

Af te r  a 12 h i m m e r s i o n  a t  4~ t h e  s t o m a c h s  were re- 
moved .  AIcohol  was cen t r i fuged  for 20 ra in  a t  4000 rpm,  
the  s u p e r n a t e  was e v a p o r a t e d  a n d  t h e  res idue  dissolved 
in p H  2.2 sod ium c i t ra te  buf fe r  a n d  f i l tered.  The  sample  
t h u s  o b t a i n e d  was ana lyzed  b y  t h e  Y a n a g i m o t o  A m i n o  
Acids  Ana lyze r  LC-5. 

1. Histological observations. The  s t o m a c h  of a 15-day-old 
e m b r y o  is a s ingle ves ica  cons i s t ing  of ins ide  ep i the l ium 
an d  outs ide  m e s e n c h y m a l  t i ssue  (Figure  1). No d i s t i nc t i on  
b e t w een  the  fo re - s tomach  a n d  t h e  g l a n d - s t o m a c h  can  be  

Fig. 2. The stomach of a 21-day-old embryo. Epithelium and the 
ah~lina pro pria mucosae produce many small plicae. • 100. 
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seen. The ep i the l ium is an  irregular  s t ra t i f ied epithelium. 
showing nuclei  of var ious forms, round,  elliptic or oval etc. 
A di f ferent ia t ion  of the  tun ica  muscular is  in the  mesen-  
chymal  t issue can be seen. The irregular  s t ra t i f ied  epi the-  
l ium changes  gradual ly  in to  a single co lumnar  epi thel ium,  
the  t un i c s  mnscular is  becomes plain  and a connect ive  tis- 

Fig. 3. Acidophil cells in the epitheliur~a and in the cell proliferation. 
Three cells are shown by arrows. • 400. 

Fig. 4. The gastric mucosa of the 13th~postnatal day rat. • 100. 

sue be tween  the  ep i the l ium and  the  t u n i c s  muscular is  de- 
velops dur ing  the  16 th -20 th  embryonic  day  period.  

In  p rena t a l  ra t s  (21-22-day-old embryos) ,  m a n y  plicae 
can be seen on the  surface of t he  mucosa,  Near  the  basis of 
these  plicae the  fo rma t ion  of t he  l amina  muscular is  mu- 
cosae is seen also. No d i f fe ren t ia t ion  of the  epi thel ial  ceils 
can be seen (Figure 2). 

F r o m  the  l s t - 3 r d  pos tna t a l  day,  some pro l i fe ra t ion  of 
epi thel ia l  cells a t  the  base of the  pl icae can be seen. In  the  
epi the l ium,  acidophi l  cells appear  a t  the  same t ime.  I t  
seems to be a histological  d i f fe ren t ia t ion  of t he  epi thel ial  
ceils in to  par ie ta l  cells (Figure 3). Other  epithelSal cells are 
co lumnar  regardless  of whe the r  t h e y  are a t  the  apex  or t he  
base of t he  plicae. In  the  pro l i fe ra ted  par t ,  a t ubu la r  p i t  
begins to be formed for the  l amina  muscular is  mucosae,  
consequen t ly  t he  d i s tance  be tween the  surface of t he  epi- 
the l ium and  the  l amina  muscular is  mucosae  becomes  
greater .  This  process  is connec ted  wi th  the  fo rmat ion  of 
t he  t u b u l a r  glands.  

In  the  3 rd -5 t h  pos tna t a l  day  period,  t he  form of t he  
glands  as ye t  seems no t  to be definite,  bu t  the  epi thel ia l  
cells of the  tubu la r  p i t  (except  for t he  acidophi l  cells) be- 
come cuboidal ,  have  big round  nuclei  and  are d i f fe rent  
f rom the  surface epi thel ia l  cells. This  m a y  show a mor-  
phological  d i f fe ren t ia t ion  in toe  chief cells. I t  becomes more  
p ronounced  dur ing  the  7th-9kh pos tna t a l  day  period.  On 
the  13th pos tna t a l  day,  the  cons t i tu t ion  of t he  gastr ic  
mucosa  (Figure 4) becomes s imilar  to  t h a t  of t he  adul t  
rats .  Figure  5 shows the  gastr ic  mucosa  of the  ra t  3 weeks 
after  bir th .  Compar ing  these,  it  seems t h a t  the  di f ferent ia-  
t ion of the  gastr ic  mucosa  is comple te  wi th in  13 days  af ter  
b i r th ,  and thence fo r th  i t  proceeds  to  develop. 

2. Measuring o/the dista1~ce between the sur[ace o/ the mu- 
cosa and the lamina muscularis mucosae. As the  au thor  ob- 
served an increase in t he  d is tance  be tween  the  mucosa  sur- 
face and  the  l ami n a  muscular is  mucosae  because of t he  
cons t i t u t ion  of the  tubu la r  glands, he  considered th is  may  
be connec ted  wi th  the  process of d i f fe ren t ia t ion  or deve- 
l opmen t  of the  mucosa.  Colour f i lms t aken  under  the  same 
magni f ica t ion  ( • 10 ocular, • 10 objective) were p u t  on 
the  i l lumina t ing  box (<,der Schaukastem~) and measured  
by  the  lucid measure.  Read ings  ob ta ined  f rom several  
places in t he  same f i lm were averaged.  (Table I). 

Readings  will also be shown in the  Figure  6. In  the  graph,  
some coincidence wi th  the  histological  observa t ions  can be 
seen. T h a t  is to  say, 1. t he  1-3 day  pos tna t a l  per iod  is the  
non-d i f fe ren t i a t ion  stage, and  in t h a t  per iod no increase of 
d i s tance  can be seen, 2. dur ing  the  5 - 13 day  per iod  which  

Fig. 5. The gastric mucosa of the 21st postnatal day rat. • 100. 

Table I. The distance between the mucosa-surface and the lam.im~ 
musclA~a~'~s m u c o s a e  

Postnatal day Value measured (mm) 

Mean J= S.D. 

1 4.4 :j= 0.3 
3 4.3 :~ 0.5 
5 6.0 J: O.6 
7 5.5~0.5 
9 5.7 :h 0.5 

11 5.6 ::[: 0,4 
13 6.4 i 0,5 
15 7.6 • 0,9 
17 9.1 :~ 1.0 
19 11.3 ! O.5 
21 11.1 ::L 1.4 
23 11.8 =L 0.5 
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is a d i f f e r e n t i a t i o n  s t a g e ,  t h e  d i s t a n c e  i n c r e a s e s  b u t  n o t  in  
a r e g u l a r  d a y - b y - d a y  f a s h i o n ,  3. f r o m  t h e  1 3 t h  d a y  on,  t h e  
d i s t a n c e  i n c r e a s e s  in  a m a r k e d  d a y - b y - d a y  m a n n e r  a n d  a 
d e v e l o p m e n t a l  s t a g e  is d e f i n i t e l y  p r e s e n t .  

3. Amino  acids in the extract o/ the gastric mucosa. C o n d i -  
t i o n s  a n d  r e s u l t s  o f  a m i n o  a c i d s  a n a l y s i s  a r e  s h o w n  in  
T a b l e  I L  A m i n o  a c i d s  a r e  p r o v e d  to  e x i s t  i n  s m a l l  a m o u n t s  
a n d  s h o w  a n e g l i g i b l e  f l u c t u a t i o n  d u r i n g  t h e  1 s t - 1 1 t h  
p o s t n a t a l  d a y  p e r i o d .  T h e r e a f t e r ,  t h e y  s h o w  a d i s t i n c t  t e n -  
d e n c y  to  i nc r ea se .  T h i s  t e n d e n c y  c o i n c i d e s  w i t h  t h e  h i s t o -  
log ica l  d e v e l o p m e n t  of  t h e  g a s t r i c  m u c o s a .  H o w e v e r ,  t h e  
b e g i n n i n g  of i n c r e a s e  of s o m e  a m i n o  a c i d s  d i f f e r s  f r o m  t h a t  
of  o t h e r s ;  l y s ine ,  h i s t i d i n e ,  a r g i n i n e ,  t y r o s i n e  a n d  i so leu-  
c i ne  s h o w  a l a t e r  i n c r e a s e  t h a n  o t h e r s ,  w h e r e a s  m e t h i o n i n e  
a n d  t r y p t o p h a n  s h o w  no  v i s i b l e  t e n d e n c y  t o  i n c r e a s e  a t  a l l  
d u r i n g  t h i s  pe r i od .  T h e s e  r e s u l t s  a r e  t a b u l a t e d  in  T a b l e  I I I .  

I t  is n a t u r a l  t h a t  t h e  i n c r e a s i n g  t e n d e n c y  of  a m i n o  a c i d s  
goes  h a n d  i n  h a n d  w i t h  t h e  d e v e l o p m e n t  of  t h e  g a s t r i c  
m u c o s a ,  b u t  i t  will  b e  n o t i c e d  a l so  t h a t  t h e  i n i t i a t i o n  of t h e  
i n c r e a s e  is l a t e  in  t h e  c a s e  of l y s ine ,  h i s t i d i n e ,  a r g i n i n e ,  
t y r o s i n e  o r  i so l euc ine .  

4. Obse~'valiom on the gastric chic/ cells. I t  c a n  be  su r -  
m i s e d  t h a t  t h e  ch ie f  cel ls  wil l  d i f f e r e n t i a t e  f r o m  t h e  epi -  
t h e l i a l  cel ls  f o l l o w i n g  t h e  d e v e l o p m e n t  o f  t h e  g a s t r i c  m n -  
cosa .  T h e  d i f f e r e n t i a t i o n  of  p a r i e t a l  cells,  a s  m e n t i o n e d  
a b o v e ,  c a n  be  o b s e r v e d  on  t h e  1s t  p o s t n a t a l  d a y ,  b u t  d i f -  
f e r e n t i a t i o n  o f  ch i e f  cel ls  c a n  o n l y  be  s e e n  in  t h e  3 r d - 5 t h  
p o s t n a t a l  d a y  p e r i o d  as  d i f f e r e n t  cei ls  f r o m  t h e  s u r f a c e  
e p i t h e l i a l  cei ls ,  b e i n g  c u b o i d a l  a n d  h a v i n g  b i g  r o u n d  
nuc le i .  U s i n g  H e i d e n h a i n ' s  i r o n  h e m a t o x y l i n  s t a i n i n g  
( F i g u r e  7), s h o r t  a n d  l o n g  r o d  s h a p e d  m i t o c h o n d r i a  in  t h e  
p e r i n u c l e a r  c y t o p l a s m ,  g r a n u l a r  m i t o c h o n d r i a  in  t h e  

s u p r a n u c l e a r  c y t o p l a s m  a n d  no  s e c r e t o r y  g r a n u l e s  in  t h e  
a p i c a l  c y t o p l a s m  a r e  seen .  T h e  cell  f i g u r e s  show" n o  c h a n g e  
d u r i n g  t h e  5 t h - 1 3 t h  p o s t n a t a l  d a y  pe r i od .  I n  t h e  l a t t e r  
h a l f  o f  t h i s  t e r m ,  a f ew  s m a l l  g r a n u l e s ,  l a r g e r  t h a n  t h e  g r a -  
n u l a r  m i t o c h o n d r i a ,  c a n  be  o b s e r v e d  in  s o m e  cells.  P r e -  
s u m a b l y  t h e y  a r e  c o r p u l e n t  m i t o c h o n d r i a .  O n  t h e  1 5 t h  
p o s t n a t a l  d a y ,  cei ls  h a v i n g  d i s t i n c t  s e c r e t o r y  g r a n u l e s  c a n  
be  o b s e r v e d .  T h e  n u m b e r  of  t h e  g r a n u l e s  in  e a c h  cell  is  
l a rge .  T h e n c e f o r w a r d ,  in  al l  cases ,  t h e  ch i e f  cel ls  h a v e  
a b u n d a n t  s e c r e t o r y  g r a n u l e s ,  a n d  s o m e  of  t h e  g r a n u l e s  
s h o w  a c o r p u l e n c y ,  s u g g e s t i n g  a c c u m u l a t i o n  i n  t h e  cell. 
T h e  a p p e a r a n c e  of s e c r e t o r y  g r a n u l e s  in  t h e  ch ie f  cel ls  
s e e m s  n o t  t o  be  a g r a d u a l  d a y - b y - d a y  b u t  a s u d d e n  in-  
c rease .  

Discussion. S t u d i e s  of  t h e  d i f f e r e n t i a t i o n  of  t h e  g a s t r i c  
m u c o s a  we re  m a d e  in  J a p a n  as  e a r l y  as  1931. HARA 5 ob-  
s e r v e d  J a p a n e s e  f e t u s e s  a n d  o b t a i n e d  r e s u l t s  s h o w i n g  t h a t  
t h e  f i r s t  d i f f e r e n t i a t i o n  of  t h e  g l a n d  cell  c a n  be  s e e n  in  
p a r i e t a t  ce l ls  in  t h e  e m b r y o  of  a 7 c m  c r o w n - r u m p  t e n g t h ,  
b u t  t h e  d i f f e r e n t i a t i o n  p e r i o d  of t h e  ch i e f  cell  c a n n o t  be  
o b s e r v e d  b e c a u s e  t h e  cell  h a s  f ew  m o r p h o l o g i c a l  c h a r a c -  
t e r i s t i c s .  R e c e n t l y ,  NOMIJRA ~ r e p o r t e d  t h a t  e l e c t r o n  m i -  
c r o s c o p i c  o b s e r v a t i o n  s h o w e d  t h a t  t h e  p a r i e t a l  cel ls  b e g a n  
to  d e v e l o p  f r o m  t h e  u n d i f f e r e n t i a t e d  p i t  e p i t h e l i a l  cei ls  a t  
t h e  b o t t o m  of  t h e  g a s t r i c  p i t  of  t h e  f e t u s  in  10 w e e k s  of  
m e n s t r u a t i o n  age .  

T h e  a u t h o r  o b s e r v e d  r a t s '  e m b r y o s  a n d  i n f a n t  r a t s ,  a n d  
c o n f i r m e d  t h a t  t h e  a p p e a r a n c e  of  a c i d o p h i l  cel ls  in  t h e  

T. HARA, Aeta anat. nippon, d, 28 (1931). 
s y .  ~X,YOMURA, g. Anat. Entw, Gesch. 725, 316 (1966). 

Table II. Amino acids and related compounds in the extract of the gastric mucosa of prenatal, neonatal and infant rats ([xM/stomach) 

Procedure of analysis Neutral and acidic amino acids Basic amino acids 

Buffer solution 1st : pH 3.25 2nd : pH 4.25 pH 5.28 
(0.2 N citrate buffer) (0.35 N citrate buffer) 

Column 0.9r • 70 cm 0.9 4 x 10 cm 

Resin Amberlite CG 120 

Flow rate Buffer 80 ml/h, Ninhydrin 40 ml/h 

Column temperature 55 ~ 

Substance Prenatal day Birth Pos tna ta lday  

--2 --1 0 + 1  + 3  5 7 9 11 I3 15 17 19 21 23 

Tryptophan 0.003 0.004 0.003 0.004 0.006 0.005 0.010 0.006 0.008 0.019 0.008 0.011 0.015 0.007 0.038 
Lysine 0.010 0.024 0.010 0.012 0.016 0.017 0.025 0.020 0.025 0.019 0.031 0.066 0.060 0.075 0.090 
Histidine 0.002 0.007 0.004 0.006 0.009 0.011 0.013 0.010 0.009 0.012 0.017 0.020 0.025 0.029 0.035 
Arginine 0.001 0.006 0.005 0.004 0.006 0.007 0.009 0.011 0.015 0.013 0.017 0.025 0.028 0.026 0.046 
Cysteicacid 0.005 0.006 0.007 0.014 0.020 0.015 0.018 0.014 0.022 0.036 0.052 0.042 0.050 0.046 0.063 
Taurine 0.066 0.138 0.122 0.135 0.190 0.280 0.343 0.282 0.262 0.430 0.689 0.856 0.979 0.932 0.903 
Asparticacid 0.011 0.019 0.013 0.017 0.027 0.030 0.029 0.024 0.032 0.050 0.064 0.105 0.129 0.113 0.225 
Threonine + Serine 0.025 0.072 0.077 0.111 0.131 0.118 0.091 0.063 0.114 0.199 0.229 0.258 0.310 0.349 0.396 
Glutamicacid 0.072 0.135 0.079 0.091 0.115 0.087 0.130 0.103 0.185 0.242 0.304 0.323 0.409 0.498 0.912 
Protine 0.006 0.007 0.007 0.02I 0.031 0.028 0.028 0.025 0.035 0.041 0.058 0.053 0.099 0.085 0.119 
Glycine 0.025 0.049 0.053 0.070 0.079 0.073 0.087 0.077 0.077 0.1.13 0.154 0.185 0.239 0.360 0.454 
Alanine 0.040 0.068 0.058 0.051 0.073 0.053 0.062 0.038 0.086 0.108 0.138 0.159 0.229 0.222 0.427 
Valine 0.007 0.013 0.005 0.014 0.014 0.017 0.015 0.012 0.018 0.024 0.041 0.039 0.043 0.050 0.076 
MethionJne 0.003 0.010 0.007 0.012 0.016 0.019 0.020 0.012 0.013 0.018 0.030 0.018 0.017 0.019 0.048 
Isoleueine 0.003 0.009 0.003 0.006 0.005 0.005 0.010 0.005 0.007 0.009 0.013 0.018 0.020 0.024 0.039 
Leucine 0.006 0.014 0.010 0.019 0.019 0.025 0.026 0.022 0.033 0.044 0.065 0.060 0.062 0.088 0.104 
Tyrosine 0.002 0.007 0.007 0.008 0.006 0.011 0.012 0.010 0.015 0.014 0.025 0.034 0.035 0.043 0.069 
Phenylalnine 0.005 0.007 0.003 0.007 0.004 0.007 0.008 0.008 0.015 0.020 0.037 0.030 0.041 0.040 0.062 
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ep i the l i um on t he  1st p o s t n a t a l  day  m u s t  be  t he  differen-  
t i a t i on  of t he  pa r i e t a l  cells. HELAND~R ~, however ,  re- 
p o r t e d  in his  e lec t ron  microscopic  o b s e r v a t i o n  t h a t  few 
p r i m i t i v e  pa r i e t a l  ceils can  be  c lear ly  ident i f ied  owing to t h e  
presence  of in t race l lu la r  canal icu l i  a t  a n  e m b r y o n a l  age o- 
19 days,  and  PENTTILA s recognized t h e  f i rs t  s ign of parle .  
t a l  cells in  20.5-day-old r a t  e m b r y o  b y  e lec t ron  microscopeI  

I n  t he  a u t h o r ' s  e x p e r i m e n t  w i t h  t he  l igh t  microscope,  
t he  ep i the l ium a t  a n  e m b r y o n a l  age of 19-20 days  con- 
s is ted of c o l u m n a r  cells and  w i t h  no sign of d i f f e ren t i a t ing  
in to  morpholog ica l ly  d i f fe ren t  ceils. The  ac idophi l  cells in  
t he  ep i the l i um obse rved  on  t he  1st p o s t n a t a l  day  will be 
t h e  pa r i e t a l  cells mani fes t ing ,  for t he  f i rs t  t ime,  h is to-  
logical charac ter i s t ics .  

Dur ing  t h e  3 r d - S t h  p o s t n a t a l  day  per iod  as t he  fo rma-  
t i on  of t u b u l a r  g lands  proceeds,  t h e  cells (except  t he  act- 
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Fig. 6. Graph showing the distance between the mucosa surface and 
the lamina muscularis mueosae. 

Fig. 7. The cells which seem to differentiate into the chief ceils. At 
the 3-5 postnatal day period. Half-schematic representation of the 
cells obtained from the sections stained by iron hematoxylin. 

Table III. Amino acids and related compounds classified as to the 
time of their increase in the gastric mucosa 

Postnatal day .7 11-13 15-17 

Amino acids Tryptophan Cysteic acid Lysine 
and related Methionine Taurine Histidine 
compounds Aspartie aeid Arginine 

Threonine Tyrosine 
+ Isoleueine 
Serine 
Glutamic acid 
Proline 
Glyeine 
Alanine 
Valine 
Leueine 
Phenylalanine 

dophi l  cells) become  cuboidal ,  beg in  to  h a v e  big  r o u n d  
nuclei  an d  differ  f rom t h e  c o l u m n a r  surface  ep i the l ia l  
cells. The  a u t h o r  cons idered  these  f igures  m a y  be  indi-  
ca t ive  of t h e  morpho log ica l  a p p e a r a n c e  of t h e  p r i m i t i v e  
chief  cells. 

The  gas t r ic  mucosa  w i t h  i ts  a b u n d a n t  t u b u l a r  g lands  
appea r s  in  t h e  1 1 t h - 1 3 t h  p o s t n a t a l  d ay  period.  A t  t h a t  
t ime,  i t  seems to be a m i n i a t u r e  of t h e  adu l t  s tomach .  
Thencefor th ,  t h e  m u c o s a  deve lops  rap id ly ,  increas ing  in 
th ickness .  The  a u t h o r  t h u s  cons idered  t h a t  t h e  differen-  
t i a t i o n  of t h e  mucosa  cons i s t ing  of t h e  gas t r ic  g lands  be-  
gins f rom t h e  5 th  p o s t n a t a l  d ay  a n d  ends  on  t h e  13 th  pos t -  
n a t a l  d ay  an d  t h e n  proceeds  in to  t h e  d e v e l o p m e n t a l  stage.  
The  d i s t ance  b e t w een  t h e  surface  of t h e  mucosa  a n d  t he  
l a m i n a  muscu la r i s  mucosae  (Table  I a n d  F igu re  6) p roves  
t h a t  t h i s  process  t akes  place. T h a t  is, in t h e  l s t - 3 r d  post -  
n a t a l  d ay  period,  t h o u g h  t h e  e p i t h e l i u m  m a k e s  smal l  pli-  
cae, t h e  g land  is sti l l  n o t  fo rmed  an d  on ly  an  a p p e a r a n c e  
of t h e  pa r i e t a l  cells can  be  not iced .  D i s t ance  b e t w een  t he  
mucosa  surface  a n d  t h e  l a m i n a  muscu la r i s  mucosae  is 
4 .3-4.4 m m (  • 100). D u r i n g  t h e  5 t h - 1 1 t h  p o s t n a t a l  day  
period,  cell p ro l i f e ra t ion  can  be seen a t  t h e  base  of t h e  
pl icae an d  t h e n  t h e  p i t  is fo rmed  there .  Th i s  is t h e  f i rs t  
s ign of the  fo rming  of t h e  t u b u l a r  gland.  I n  t h e  beg inn ing ,  
the  ep i the l ia l  cells of t h e  surface  a n d  of t h e  p i t  are s imi la r  
b u t  t h e  pa r i e t a l  ceils differ. Gradual ly ,  t h e  c o l u m n a r  cells 
of t h e  p i t  t u r n  in to  cubo ida l  cells h a v i n g  big r o u n  d nuclei ,  
sugges t ing  a d i f f e r en t i a t i on  in to  chief  cells. This  cell prol i-  
fera t ion,  consequent ly ,  is respons ib le  for t h e  d i s t a n c e  
b e t w een  m u c o s a  surface  an d  the  l a m i n a  muscu la r i s  mu-  
cosae 5-6  m m  ( • 100), b u t  in  th i s  p a r t i c u l a r  p o s t n a t a l  pe-  
r iod t he re  is no progress ive  d a y - b y - d a y  increase  as shown  
in F igure  6. I n  o the r  words,  t h e  gas t r ic  g lands  are fo rmed  
in t h e  mucosa  d u r i n g  t h e  5 t h - 1 1 t h  p o s t n a t a l  d ay  per iod  
b u t  t h e  m u c o s a  w i t h  g lands  does n o t  increase  in th ickness .  
The  a u t h o r  cons idered  th i s  t e r m  m a y  be t h e  d i f fe ren t ia -  
t i on  stage.  Thencefo rward ,  a r ap id  d e v e l o p m e n t  can  be 
supposed  wh ich  keeps  pace  w i t h  t h e  progress ive  increase  
in t h e  d i s t ance  b e t w e e n  t h e  surface  of t h e  m n c o s a  an d  t he  
l a m i n a  muscu la r i s  mucosae .  Th i s  m u s t  be t h e  develop-  
m e n t  stage.  

I n  t h e  e x t r a c t  of t h e  gas t r ic  mucosa  i m m e r s e d  in 33% 
alcohol  for 12 h, t h e  same k inds  of amino  acids a n d  t i le  
r e l a t ed  c o m p o u n d s  as those  found  in a d u l t  r a t s '  gas t r ic  
mucosa  are found.  The  q u a n t i t y  a n d  f l u c t u a t i o n  of these  
subs t ances  are a lmos t  ni l  d u r i n g  t h e  l s t - 1 1 t h  p o s t n a t a l  
d ay  period,  i.e. in  t h e  n o n - d i f f e r e n t i a t i o n  an d  t h e  differen-  
t i a t i o n  stages.  However ,  a f te rwards ,  m o s t  of these  sub-  
s tances  increase  p rogress ive ly  a n d  m a r k e d l y  d a y  b y  day.  
Th i s  can  be  i n t e r p r e t e d  as a n  expans ion  of t h e  s t o m a c h  
fol lowing t h e  deve lopmen t ,  b u t  i t  h a r d l y  expla ins  w h y  
t h e  obv ious  increase  of t h e  r e s t r i c t ed  amino  acids - ]ysine, 
h i s t id ine ,  arginine ,  t y ros ine  an d  isoleucine - is p o s t p o n e d  
un t i l  t h e  1 5 t h - 1 7 t h  p o s t n a t a l  d a y  period.  I t  seems to  sug- 
gest  t h a t  these  amino  acids m a y  h a v e  some d i f fe ren t  role 
f rom others .  

On t h e  o the r  hand ,  t h e  chief  ceils seem to  d i f f e ren t i a t e  
f rom t h e  ep i the l ia l  cells a few days  l a t e r  t h a n  do t h e  par ie t -  
al  cells. As shown in F igure  7, no  secre tory  granules ,  big 
r o u n d  nucle i  a n d  g ranu l a r  or rod  s h a p e d  m i t o c h o n d r i a  are 
seen. I t  appea r s  jus t  a chief  cell-like cell. T h e  f igure of t he  
chief  cells is m a i n t a i n e d  d u r i n g  t h e  d e v e l o p m e n t  s tage of 
t h e  mucosa.  I n  t h e  1 5 t h - 1 7 t h  p o s t n a t a l  d ay  period,  sud-  
denly,  r i ch  secre tory  granules  c an  be  obse rved  in t h e  cells. 
T h u s  we m a y  p r e s u me  t h a t  in  t h e  chief  cells t he re  m a y  be  
a 10-day- in te rva l  b e t w een  morpho log ica l  d i f f e r en t i a t i on  

H. F. HELANI)ER, Gastroenterology 55, 35 (1969). 
8 A. PENTTILA, Z. Anat. Entw, Geseh. 132, 34 (1970). 
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and  ac tua l  f u n c t i o n a l  in i t i a t ion .  I t  is v e r y  i n t e r e s t i ng  to 
no te  t h a t  t he  t i m e  w h e n  t he  sec re to ry  g ranu les  a p p e a r  in  
the  chief  cells ( the 1 5 t h - 1 7 t h  p o s t n a t a l  day  period) coin- 
cides w i t h  t he  t i m e  t h a t  lysine,  h i s t id ine ,  a rg in ine ,  t y ros ine  
and  isoleucine show a n  obv ious  increase  in t he  mucosa  ( the 
1 5 t h - 1 7 t h  p o s t n a t a l  day  period).  

As regards  t he  d i f f e r en t i a t i on  per iod  of t h e  chief  cells, 
HELANDER 9 descr ibed in his  e lec t ron  microscopic  s t u d y  
t h a t  t he  zymogen  cells in r a t  s t o m a c h  can, w i t h  a l i t t l e  
doubt ,  be iden t i f i ed  in 20-day-old  embryos ,  b y  reason  of 
t he  fac t  t he  granules  h a v e  a larger  d i a m e t e r  t h a n  those  of 
t he  mucous  neck  cells. H e  also relborted t h a t  zymogen  gra- 
nules  are p r e sen t  in large n u m b e r s  in  the  ceils a t  b i r t h ,  b u t  
d u r i n g  t he  n e x t  10 days  t h e y  are sparse  a n d  t h a t  20 days  
a f t e r  b i r t h  t he  zymo gen  cells h a v e  a t t a i n e d  a n o r m a l  adu l t  
appea rance .  

I n  t he  a u t h o r ' s  o b s e r v a t i o n s  w i t h  t he  l igh t  microscope,  
t he  r a t  gas t r ic  e p i t h e l i u m  consis ts  of c o l m n n a r  cells w i t h  
long oval  nucle i  in 20-21-day-o ld  embryos ,  regardless  of 
t he  apex  or base  of t he  plicae. No cubo ida l  ceils wi th  r o u n d  
nuclei,  l ike t he  p r i m i t i v e  m u c o u s  neck  cell or p r i m i t i v e  
chief  cell, can  be seen. However ,  somet imes ,  m o s t  of t h e  
ep i the l ia l  ceils c o n t a i n  m a n y  granules  in  t he  ap ica l  or 
s u p r a n u c l e a r  reg ion  of t he  ceils. These  granules  are secre- 
t o r y  granule- l ike  and  o b s e r v a b l e  u n d e r  t h e  l igh t  micro-  
scope, b u t  t he  a u t h o r  could  no t  p rove  t h a t  t h e y  were zy- 
mogen  granules .  

The  f igure of t he  p r i m i t i v e  chief  cell as seen b y  t he  
a u t h o r  showed  no r e m a r k a b l e  change  d u r i n g  t h e  di f feren-  
t i a t i o n  stage,  i.e. f rom t h e  5 th  to  t he  13th  p o s t n a t a l  day  
period.  Th i s  bears  ou t  w h a t  HELANDER says, i.e. t h e  zy- 
m o g e n  granules  in t h e  zym ogen  cells are few d u r i n g  10 
days  a f te r  b i r th ,  a n d  t h a t  pep t i c  a c t i v i t y  r e m a i n s  sur-  
p r i s ing ly  c o n s t a n t  d u r i n g  t he  same  period.  

MABUCHI ~ e x a m i n e d  t h e  effect  of a m i n o  acids on  t he  
sec re to ry  a c t i v i t y  of the  chief  cells a n d  o b t a i n e d  t he  re- 
su l t  t h a t  lysine,  h i s t id ine ,  a rg in ine  or t y ros ine  h a v e  a pro- 
m o t i v e  effect  on t he  p r o d u c t i o n  of sec re to ry  granules  in  
t he  chief  cells. The  a u t h o r ' s  f indings ,  i.e. t h a t  w h e n  these  
a m i n o  acids increase  in t h e  gas t r i c  mucosa,  t he re  is a n  
a b u n d a n c e  of sec re to ry  granules  in  t h e  chief  cells, m a y  
h a v e  some connec t ion  w i t h  MABUCttI'S f indings .  The  rea-  
son w h y  lysine,  h i s t id ine ,  arginine ,  t y ros ine  and  isoleu- 
cine increase  f rom th i s  p o i n t  onwards  has  no t  been  ascer- 
t a i n e d  in th i s  s tudy .  

Zusammen/assung. E n t w i c k l u n g  u n d  Aminos~iuren der  
M a g e n s c h l e i m h a u t  an  e m b r y o n a l e n  u n d  n e u g e b o r e n e n  
R a t t e n  w u r d e n  n n t e r s u c h t  u n d  di f ferenzier t .  I n  der  Ma- 
g e n s c h l e i m h a u t  k a n n  das  n i c h t  d i f ferenzier te  S t ad ium,  
das  D i f f e r enz i e rungss t ad ium u n d  das  E n t w i c k l u n g s s t a -  
d i u m  b e o b a c h t e t  werden.  Zahl re iche  Aminos~turen neh-  
m e n  w g h r e n d  des E n t w i c k l u n g s s t a d i u m s  in der  Schleim- 
h a u t  zu, woh ingegen  Lysin,  Hi s t id in ,  Argin in ,  Tyros in  
und  I so leuc in  ers t  zu e inem sp~Lteren Z e i t p u n k t  festge- 
s te l l t  we rden  k o n n t e n .  

T.  NISHIOKA 10 
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P R O  E X P E R I M E N T I S  

D e m o n s t r a t i o n  of S y n c h r o n y  in the  Cell  Cycle  of  HeLa  Cells  by a F l o w  M i c r o f l u o r o m e t e r  

W h e n  as a s y n c h r o n o u s  H e L a  cell p o p u l a t i o n  is i n h i b i t e d  
before t he  S-phase  b y  a doub le  b lock  of excess t h y m i d i n e ,  
re lease of t he  b lock  would  be  expec ted  to induce  syn-  
ch ronous  e n t r y  in to  t h e  S-phase  1,2, Th i s  is n o r m a l l y  
de t ec t ed  b y  m e a s u r i n g  changes  in t he  r a t e s  of incorpora -  
t ion  of r ad ioac t i ve  precursors .  However ,  such m e t h o d s  of 
m o n i t o r i n g  D N A - s y n t h e s i s  are some t imes  compl i ca t ed  
b y  pool  sizes and  requ i re  a lo t  of t ime.  Moreover ,  t h e  
m e a s u r e m e n t  of D N A - s y n t h e s i s  in  t h y m i d i n e - i n h i b i t e d  
cells is ques t i onab le  because  i t  is no t  qu i te  c e r t a i n  w h e t h e r  
t he  e x t e n t  of r ad i oac t i ve  t h y m i d i n e  i n c o r p o r a t i o n  in 
sho r t  pulse  per iods  is a t r ue  m eas u r e  of r a t e s  of D N A  
syn thes i s  3-5. These  s tud ies  were des igned to  d e m o n s t r a t e  
t h e  usefulness  of a h i g h  speed f low mic ro f luo rome t r i c  
me thod ,  a t e c h n i q u e  w h i c h  is i n d e p e n d e n t  of changes  in 
the  p recurso r  pool, in  s y n c h r o n i z a t i o n  expe r imen t s .  
(See also6). 

Materials and methods. The  inves t i ga t i ons  were car r ied  
ou t  on H e L a  $3 suspens ion  cu l tu res  d u r i n g  t h e  exponen t i a l  
phase  of growth.  The  cells were grown a t  37 ~ in 250 ml  
Sovi re l l -g lass-bot t les  in  150 ml  modi f ied  Eag le ' s  m i n i m u m  
essent ia l  m e d i u m  (MEMS, Gibco) s u p p l e m e n t e d  w i t h  
2% calf se rum (Biocult) .  A n o n h e a t i n g  m a g n e t i c  s t i r re r  
(Bellco) was  used  to  keep t he  ceils in  suspens ion .  Cul tures  
were inocu la ted  w i t h  1.7 • 105 cells/ml.  

The  cells were s ynch r on i zed  b y  doub le  t h y m i d i n e  
t r e a t m e n t ,  as a l r eady  descr ibedb,  7. R a n d o m l y  growing  

cu l tu res  were exposed a t  37~ to  2 m M  T d R  (Serva) 
for two 12-h per iods  s e p a r a t e d  b y  a 10-h per iod  in 
n o r m a l  m e d i u m  to a l low the  progress ion  t h r o u g h  one 
S-phase.  T h y m i d i n e  was r e m o v e d  a f te r  each  12-h pe r iod  
b y  c e n t r i f u g a t i o n  of t he  cells a t  200 •  for  8 min .  The  cell 
pe l le t  was w a s h e d  w i t h  con t ro l  m e d i u m  and  r e suspended  
in fresh med ium.  Af te r  reverse  of t he  las t  b lockade ,  2 ml  
of cell suspens ion  were pe l le ted  a t  200 •  for 5 ra in  and  
fixed w i t h  a lcohol - sod ium chlor ide  (1:2) w i t h  v igorous  
shaking .  The  pel le t  was  t h e n  washed  in 0.1 M Tris-HC1 
buf fe r  (pH 7.5) wh ich  was 0.1 M ill NaC1, a n d  exposed 
for 1 h to  2% (in t he  buffer  m e n t i o n e d  above)  R N a s e  
(Serva).  Af te r  a n o t h e r  wash  in t he  same  buffer ,  t he  cells 
were r e suspended  for 30 ra in  in  a so lu t ion  of e t h i d i u m  
b r o m i d e  (1 mg/100  ml ;  in  Tris-HC1, p H  7.5). A 50 lxm 
mi l l ipore  f i l te r  was  used to e l im ina t e  cell aggrega tes  
before m e a s u r i n g  f luorescence i n t e n s i t y  of D N A - b o u n d  
dye, us ing  t he  flow mic ro f l uo rome te r  ICP  11 (Phywe  AG, 
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