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S e c r e t i o n  of  G a s t r i c  P a r i e t a l  C e l l s  

The  exac t  n a t u r e  of t h e  sec re t ion  of t he  gas t r i c  pa r i e t a l  
cells is st i l l  d e b a t e d L  Whi l e  a p p l y i n g  a new h i s t o c h e m i c a l  
m e t h o d  i t  was  found  t h a t  the  pa r i e t a l  cells secre te  large 
a m o u n t s  of a w e a k  po lyac id  ~. The  p r e sen t  r e p o r t  deals  
w i t h  f u r t h e r  i n v e s t i g a t i o n  on  t h i s  sec re t ion  fol lowing 
h i s t a m i n  s t i m u l a t i o n .  

Mater ia l s  and  Methods.  F o u r  m o n g r e l  dogs  were  f a s t ed  
for 24 h a n d  g iven  s o d i u m  p e n t o b a r b i t a l  in  doses  suf f ic ien t  
to  keep  t h e m  s leeping d u r i n g  m o s t  of t h i s  per iod.  R e p e a t -  
ed doses of 5 m g  d i e t h y l a m i n o e t h y l - b e n z i l a t e - m e t h o -  
b r o m i d O ,  were g iven  i n t r a m u s c u l a r l y  d u r i n g  6 h p reced-  
ing ope ra t i on .  Th i s  p r e m e d i c a t i o n  was  m a i n t a i n e d  in  o rde r  
to  p r o d u c e  p ro longed  i n h i b i t i o n  of gas t r i c  sec re t ion  4. A t  
o p e r a t i o n  t h e  l iga ted  s t o m a c h  was  incised a n d  t h e  p H  of 
t h e  gas t r i c  c o n t e n t s  d e t e r m i n e d  b y  i n d i c a t o r  p a p e r ;  
b i o p s y  spec imens  were t h e n  t aken .  S u b s e q u e n t l y  0.7 to  
1.0 m g  of h i s t a m i n  h y d r o c h l o r i d e  was  i n t r o d u c e d  i n t o  
t he  p e r i t o n e a l  cav i ty ,  a n d  t he  t e s t i n g  for a c i d i t y  a n d  t a k -  
ing of biopsies  a t  ha l f  h o u r l y  i n t e r v a l s  were ca r r i ed  o u t  
2-3  t i m e s  t he r ea f t e r .  

The  b i o p s y  spec imens  were f ixed in C a r n o y ' s  f luid,  em-  
b e d d e d  in  pa ra f f i n  a n d  sec t ioned  a t  6 microns .  T h e y  were 
s t a i ned  w i t h  h a e m a t o x y l i n  a n d  eosin a n d  b y  t he  Bi-Col 
m e t h o d  S, wh ich  invo lves  t he  use of 2 col loidal  m e t a l  solu- 
t ions .  The  col loidal  i ron is used  in o rde r  to  s t a in  a n d  b lock  
t he  s t r o n g l y  acidic  groups ,  fol lowed b y  s t a i n i n g  w i t h  
col loidal  gold, w h i c h  c a n  n o w  on ly  r e a c t  w i t h  t h e  re- 
m a i n i n g  w e a k l y  acidic  c o m p o u n d s .  Some  series of sec t ions  
were  s t a i n e d  b y  t h e  P .A.S.  m e t h o d ,  b y  t he  N i n h y d r i n -  
Schiff  a n d  t h e  Mill ion me thods .  

Results .  T h e  r eac t i on  of t h e  gas t r i c  c o n t e n t s  before  
h i s t a m i n  a d m i n i s t r a t i o n  was neu t r a l .  30-60 m i n  l a t e r  t h e  
r eac t ion  b e c a m e  acid (pH 1-4).  C o n c o m i t a n t  w i t h  t he  
c h a n g e  in secre t ion ,  t he  Bi-Col m e t h o d  revea led  changes  
in t h e  a p p e a r a n c e  of t h e  g lands ,  w h i c h  were s imi la r  in  all  
t h e  dogs b u t  m o s t  c lear  in  t h e  dog  f rom w h i c h  t h e  micro-  
p h o t o g r a p h s  of F igure  1 were  t a k e n .  

In  all  t h e  b iopsy  spec imens  b l u e - s t a i n i n g  m a t e r i a l  (indi- 
c a t i n g  s t rong ly  acidic  groups,  i.e. mucus)  was  found  in t he  
surface  ep i the l ium,  in  t he  foveolae  a n d  in t he  necks  of t h e  
glands .  I n  t he  f i rs t  spec imen  (Fig. 1A,  r e a c t i o n  neu t r a l )  
d a r k  b r o w n  ma te r i a l ,  i n d i c a t i n g  a h i g h  c o n c e n t r a t i o n  of a 
w e a k  acid,  was  found  in t h e  u p p e r m o s t  p a r t  of t h e  g l a n d u -  
la r  l u m e n  a n d  in a few pa r i e t a l  ceils in  th i s  region.  I n  t h e  
second spec imen  (Fig. 1 B) t he  a p p e a r a n c e  was  essen t ia l ly  
s imilar .  I n  b o t h  these  spec imens  all  t h e  microscopica l  
fields revea led  t he  same  p ic ture .  I n  t h e  t h i r d  b iopsy  t a k e n  
1 h a f t e r  h i s t a m i n  s t i m u l a t i o n  (Fig. 1C, p H  a r o u n d  2) 
d a r k  b r o w n  m a t e r i a l  was  f o u n d  in t he  l u m i n a  of t h e  
midd le  a n d  u p p e r  p a r t s  of some glands .  I t  was  also found  
in some pa r i e t a l  cells, ly ing  a p p a r e n t l y  w i t h i n  t he  cy to-  
p l a s m  or  in  t he  i n t r ace l l u l a r  canal icul i .  I n  t h e  4 t h  speci-  
m e n  (Fig 1D, p H  1-2), t h e  d a r k  b r o w n  m a t e r i a l  was  
found  a long  t h e  en t i r e  l e n g t h  of t he  l u m i n a  as well  as in 
m o s t  pa r i e t a l  cells. I t  m a y  be  n o t e d  t h a t  in  t he  las t  
2 spec imens  areas  were found  w h i c h  d id  n o t  differ  m a r k -  
ed ly  f rom those  obse rved  in t h e  f i rs t  2 spec imens .  

I n  P .A .S . - s t a i ned  p r e p a r a t i o n s  t h e r e  was  diffuse s t a in -  
ing of t he  pa r i e t a l  cells a n d  of t he  sec re t ion  w i t h i n  t h e  
lumina .  No apprec i ab le  s t a i n i n g  of t he  descr ibed  m a t e r i a l  
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was  o b s e r v e d  in N i n h y d r i n - S c h i f f  a n d  Mil lon s t a i n e d  pre- 
p a r a t i o n s .  
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Fig. 1. Consecutive biopsy specimens of gastric nmcosa of a dog. 
Bi-Col stain, × 120. Mouths of the gastric glands are to the left; 
here the dark staining material is mucus which is colored blue by the 
Bi-Col method. Dark staining material within the glands is mucoid 

which is stained dark brown by the same method. 
Fig. IA. First biopsy taken after long anaesthesia and administra- 
tion of a ganglion blocking agent. Mucosa apparently at rest (re. 
action of gastric contents neutral), with dark brown granules in the 

uppermost parts of the glands. 
Fig. 1B. Second biopsy, taken 113 h after administration of histamine. 
Appearance of mucosa similar to A. (Reaction of gastric contents 

neutral.) 
Fig. 1C. Third biopsy, taken 1 h after histamine administration. Dark 
brown material is present also in the middle portion of the glands, 
both in the lumina and in the parietal cells. {Reaction of the gastric 

contents acid; pH about 2.) 
Fig. 1D. Fourth biopsy, 11[~ h after histamine stimulation. Dark 
brown material is present throughout glands in lumina and parietal 

celts. (Reaction of gastric contents acid; pH 1-2.) 

Discussion.  These  f ind ings  i nd ica t e  t h a t  t h e  gastric 
pa r i e t a l  cells of t h e  dog  s t i m u l a t e d  b y  h i s t a m i n  conta in  
a n d  secre te  a s u b s t a n c e  w h i c h  is d e m o n s t r a b l e  b y  t h e  Bi- 
Col m e t h o d .  I n  a p p a r e n t l y  r e s t i n g  g l ands  t h e  s u b s t a n c e  is 
p r e s e n t  on ly  in t h e  u p p e r  p a r t s  of t h e  g lands ,  where  it 
b o rd e r s  on  t h e  m u c u s  plug.  

T h e  m a t e r i a l  is o b v i o u s l y  inso luble  in  t h e  o rgan ic  sol- 
v e n t s  used  for  f ixa t ion  a n d  e m b e d d i n g  a n d  appa ren t ly  
does n o t  diffuse to a g r ea t  e x t e n t  d u r i n g  f ixa t ion .  Previous  
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(unpubl ished)  e x p e r i m e n t s  h a v e  i n d i c a t e d  t h a t  i t  is 
modera t e ly  so luble  in  wate r .  T h e  in t ense  s t a in ing  w i t h  
gold in t h e  Bi-Col  m e t h o d  (no o t h e r  t i ssues  in  t he  b o d y  
stain as i n t e n s e l y  as t h i s  subs t ance )  i nd ica t e s  t h a t  i t  con-  
ta ins  a v e r y  h i g h  c o n c e n t r a t i o n  of w e a k  acidic groups.  
The k n o w n  f ac t  t h a t  t he  p a r i e t a l  cells a re  ac idophi l ic  
indicates  t h a t  t h e  ne t  cha rge  of t he se  cells is pos i t ive ;  th i s  
p robab ly  impl ies  t h a t  t h e y  c o n t a i n  n u m e r o u s  basic  g roups  
I t  has  been  s h o w n  p rev ious ly  ~ t h a t  t he  pa r i e t a l  cells s t a in  
in tensely  b y  t r e a t m e n t  w i t h  OsO 4 in c a r b o n  t e t r ach lo r ide ,  
which m i g h t  also ind ica t e  t h a t  t h e y  c o n t a i n  a b u n d a n t  
hexosamine  moiet ies .  F r o m  t h e  so lub i l i ty  cha rac t e r i s t i c s  
it m a y  be  su rmi sed  t h a t  t h e  s u b s t a n c e  is n o t  a l ipid a n d  
from o t h e r  t e s t s  t h a t  i t  c o n t a i n s  l i t t l e  if a n y  p r o t e i n  a n d  is 
p robab ly  of a sacchar id ic  n a t u r e .  

Mate r ia l  of iden t i ca l  s t a i n i n g  cha rac t e r i s t i c s  was  found  
in t he  pa r i e t a l  cells of h u m a n  a n d  r a t  s t o m a c h  w h e n  the  
specimens were  f ixed in C a r n o y ' s  f luid w i t h i n  a s h o r t  t ime  
af ter  d e a t h .  I n  2 i n s t a n c e s  of gas t r i c  achy l i a  in  p a t i e n t s  
wi th  pern ic ious  a n a e m i a  (one of t h e m  be ing  in remission) ,  
no such  s u b s t a n c e  was found  in t he  g lands  of t he  body  of 
the s t omach .  

I t  m a y  be  recal led  t h a t  HOERR a n d  BENSLEY s r epo r t ed  
on t h e  p re sence  of h i g h l y  v iscous  m a t e r i a l  secre ted  b y  t he  
par ie ta l  cells. I t  is su rmi sed  t h a t  t h e  w e a k  po lyac id  w h i c h  
s ta ins  w i t h  Bi-Col m i g h t  be  a p r ecu r so r  of HC1. T h e  n a t u r e  
of t he  ion e x c h a n g e  w h i c h  is p r o b a b l y  i nvo lved  in t he  
secret ion of HC1 a n d  t he  r ea son  for  t he  low organic  
con t en t  of pa r i e t a l  cell  sec re t ion  need  f u r t h e r  s tudy .  A 
possible r e l a t i o n s h i p  b e t w e e n  t he  w e a k  po lyac id  a n d  t h e  
in t r ins ic  f a c t o r  h a s  n o t  b e e n  i nves t i ga t ed .  

D .  BIRNBAUM a n d  M. WOLMAN 

Department o/ Medicine "A' and Pathology, Hadassah 
University Hospital and Hebrew University Hadassah 
Medical School, Jerusalem (Israel), November 13, 1957. 

Zusammen/assung 

Par ie ta lze l l en  aus  H u n d e m a g e n  sezern ie ren  ein Po ly-  
mer  m i t  s c h w a c h  s a u r e n  G r u p p e n ,  das  m i t  de r  Bi-Col-  
Methode  da rges t e l l t  w e r d e n  k o n n t e .  Der  Z u s a m m e n h a n g  
des Sekre tes  m i t  de r  Sa lz s / iu rep roduk t ion  wi rd  d i sku t i e r t .  

5 M. WOLMAN, Exp. Cell. Res. 12, 231 (1957). 
o N. L. HOEER and R. R. BENSLEY, Anat. Ree. 56, 417 {1936). 

0 b e r  das  Verhalten der o p t i s c h e n  I s o m e r e n  
von  Adrenal in  i m  Blut  

Die teilweise D e m e t h y l i e r u n g ,  we lche  r azemis i e r t e s  
Adrena l i n  in vivo erfAhrt  1, u n d  die u n t e r s c h i e d l i c h e  bio-  
logische W i r k s a m k e i t  se iner  o p t i s c h e n  I s o m e r e n  weisen  
au f  ein y o n  e i n a n d e r  a b w e i c h e n d e s  V e r h a l t e n  im Stoff-  
wechsel  h in .  

Zur  A b k l g r u n g  dieser  F rage  w u r d e n  K a t z e n  L- u n d  D- 
Adrena l i n  i n f u n d i e r t  u n d  wi ih rend  de r  In fus ion  A d r e n a -  
l in u n d  N o r a d r e n a l i n  im P l a s m a  t l u o r i m e t r i s c h  b e s t i m m t  2. 

Diese V e r s u c h s a n o r d n u n g  g e s t a t t e t ,  die A b b a u g e -  
schwind igke i t  des i n f u n d i e r t e n  Stor ies  zu messen  u n d  d e n  
Ante i l  Norad rena l in ,  de r  d a r a u s  geb i lde t  wird,  zu er fas-  
sen. Be im  r a schen  A d r e n a l i n a b b a u  im B l u r  wi rd  eine 
k o n s t a n t e  A d r e n a l i n k o n z e n t r a t i o n  be re i t s  n a c h  wen igen  
M i n u t e n  e r re i ch t  (P la teau) .  D u r c h  D e m e t h y l i e r u n g  aus  
i n f u n d i e r t e m  A d r e n a l i n  geb i lde tes  N o r a d r e n a l i n  e r r e i c h t  
wie dieses ein P la t eau .  Unphys io log i s ch  h o h e  A d r e n a l i n -  
m e n g e n  w u r d e n  de sha lb  in fund ie r t ,  u m  die Gle ichge-  
w i c h t s k o n z e n t r a t i o n e n  be ider  P r e s s o r a m i n e  d e u t l i c h  
m e s s b a r  fiber die N o r m a l w e r t e  zu h e b e n .  G l e i c h z e i t i g  
k a n n  d a m i t  e ine  m6gl i che  G r e n z e  de r  K o n z e n t r a t i o n s -  
unabh~ ing igke i t  de r  Z e r f a l l s k o n s t a n t e n  e r m i t t e l t  w e r d e n .  

Das  Verhi i l tn is  de r  P l a t e a u - K o n z e n t r a t i o n  y o n  Nor-  
ad rena l in  zu der jen igen  v o n  A d r e n a l i n  e r g i b t  den  Ante i l  
der  D e m e t h y l i e r u n g  (=  Konve r s ion )  a n  a l len A b b a u -  
r e a k t i o n e n  des Adrena l in s  u n t e r  de r  V o r a u s s e t z u n g  glei- 
cher A b b a u g e s c h w i n d i g k e i t e n  Ifir da s  prim~ire u n d  daS 
sekund/ i re  Amin ,  wie sie in  ~ g e f u n d e n  wurden .  

Die Ergebn isse  dieser  Versuche,  die 180 E i n z e l a n a l y s e n  
der  be iden  P res so ramine  im P l a s m a  erfassen,  s ind  in den  
Tabe l l en  I und  I I  wiedergegeben.  

Aus  Tabel le  I geh t  he rvor ,  dass  n a c h  In fus ion  v o n  L- 
A d r e n a l i n  die K o n z e n t r a t i o n  yon  N o r a d r e n a l i n  im P l a s m a  
ans te ig t ,  und  zwar  im Mit te l  au I  m e h r  a ls  den  h a l b e n  W e r t  
des Adrena l inp la t eaus .  I m  G e g e n s a t z  dazu  e r h S h t  e ine 
D-Adrena l inzufuhr  die N o r a d r e n a l i n k o n z e n t r a t i o n  n i c h t  
(Tabelle II) .  Die Z e r f a l l s k o n s t a n t e n  2 s ind fiir be ide  Iso-  
mere  im Mit te l  d iese lben ;  sie b e t r a g e n  e t w a  0,5 ra in  -~, 
das  he iss t  de r  A d r e n a l i n a b b a u  g e h t  m i t  e iner  H a t b w e r t s -  
zei t  yon  d u r c h s c h n i t t l i c h  80 s in  d iesen  I n f u s i o n s v e r s u -  
chert v o n s t a t t e n .  Dieser  W e r t  i s t  2 - 3 m a l  hShe r  als da s  
Mi t te l  aus  A b k l i n g k u r v e n  u n d  vor l / iuf igen Dauer in fus io -  

1 W. A. HUNZINGER, G. RITZEL und H. STAUB, Helv. chim. Acta 
39, 2096 (1956}. 

2 U. WEIL-MALtlERBE und A. D. BONE, Biochem. J. 51, 311 
(1952). - H. WEIL-MALHERSE und A. D. BONE, Lancet 1953, 974. 

Tabelle I 
Dauerinfusionen von L-Adrenalin an Katzen. Alle Konzentrationen sind auf 

Analysendefizit 
Plasma bezogen. Noradrenalinwerte korrigiert fiir 

Katze Nr. 

3 
4 
5 

11 
12 
13 
14 
15 

Mittel:  

Infusion 
~uMol/1 min 

0,44 
0,375 
0,515 
0,65 
0,345 
0,63 
0,58 
0,24 

0,47 

Adrenalin/~Mol/l 

vor Infusion 

0,016 
0,003 
0,003 
0,011 
0,024 
0,012 
0,013 
0,020 

0,013 

Plateau 

0,51 
0,57 
0,84 
1,5 
0,79 
3,8 
1,2 
0,60 

1,22 

Noradrenalin itMol[1 

vor Infusion Plateau 

0,027 0,48 
0,017 0,098 
0,060 0,23 
0,018 0,36 
0,086 0,38 
0,016 4,5 
0,13 0,77 
0,095 0,73 

0,056 0,94 

t~ h nlin -1 

0,86 
0,65 
0,61 
0,44 
0,44 
0,17 
0,50 
0,40 

0,51 ± 0,07 

Konversion 

0,9 
0,1 
0,2 
0,2 
0,4 
1,2 
0,6 
1,2 

0,6 ~ 0,16 


