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S P E C I F I C  S E C R E T O R Y  I N C L U S I O N S  I N  T H E  

P Y L O R I C  P A R T  OF T H E  M O U S E  S T O M A C H  

I .  N.  B o r i s o v  a n d  A .  L .  Z a s h i k h i n  UDC 591.433.3-932.34 

Specific granules  w e r e  found in the epi thel ium of the pylor ic  pa r t  of the mouse  s tomach  on 
staining with a ldehyde-fuchsin .  They w e r e  PAS-negat ive  and did not s ta in  with lead hema toxy-  
lin. T h e i r  product ion in intact  mice  is  l imi ted  to a sma l l  zone of the py lorus ,  with the a p p e a r -  
ance of a c i r c u m s c r i b e d  spot .  ~ - A d r e n e r g i c  s t imulat ion caused widening of the zone in which 
these  g ranu les  we re  found. Combined t r e a t m e n t  with Indera l  and genera l  cooling led to a sha rp  
i n c r e a s e  in the zone of d is t r ibut ion of the ce l l s  containing these  granules .  

KEY WORDS: epi thel ium of pylorus ;  s e c r e t o r y  granules ;  ad rene rg ic  s t imulat ion;  exposure  to 
low t e m p e r a t u r e s .  

Inclusions of mucoid  andmucin and inclusions containing en te rohormones  a r e  found in the epithel ial  ce l l s  
of the gas t ro in tes t ina l  t r ac t .  

This  p a p e r  gives  the r e su l t s  of expe r imen t s  showing the p r e s e n c e  of spec ia l  and hi ther to undescr ibed 
inclusions in the s tomach,  r evea led  by staining with a ldehyde-fuchsin .  In intact  an imals  these  inclusions a r e  
found only in a na r row  zone of the py lorus .  In other  pa r t s  of the s tomach  and in the in tes t ine ,no  such inc lu -  
sions a r e  found and, for  that  r ea son ,  they a r e  cal led specif ic  inclusions.  

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

The py lor ic  p a r t  of the s t o m a c h  of albino mice  was invest igated.  Exper imen t s  w e r e  c a r r i e d  out on 15 
mice,  of which six w e r e  intact.  Seven mice  r ece ived  injections of ad renob lockers  fo r  1 week: Two an imals  r e -  
ceived Indera l  (propranolol) ,  3 r ece ived  dihydroergotoxin,  and 2 r ece ived  both ad renob lockers  s imul taneously .  
The o ther  two mice  r ece i ved  Indera l  and exposed to genera l  cooling at 5~ Mater ia l  f r o m  the exper imenta l  
an imals  was f ixed by Bouin 's  method and that  f r o m  the control  animals  in Bouin 's  o r  Ca rnoy ' s  fluid or  fo rma l in  
and embedded in paraf f in  wax. Ser ia l  sec t ions  w e r e  cut t r a n s v e r s e l y  and longitudinally to the pylorus  and 
s tained with a ldehyde-fuchs in  (p re l imina ry  oxidation with pe rmangana te ,  counter  staining with hematoxyl in -  
orange) ,  and lead hematoxyl in  and by the PAS reac t ion .  

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

On staining the epithelial  ce l ls  with a ldehyde-fuchsin,  the apices  of the cel ls  containing mucoid stained 
diffusely.  In addition, in a smal l  p ropor t ion  of ce l l s  br ight  da rk  viole t  g ranules  could be seen.  They had d i s -  
t inct  outl ines and w e r e  d i s t r ibu ted  throughout  the cy top lasm.  The concentra t ion of these  granules  was not 
p redominant ly  high in the apical  or  basa l  pa r t s  of the cel ls  (Fig. 1). Somet imes  the granules  we re  concent ra ted  
around the  nucleus (Fig. 2). In intact  m ice  ce l l s  with granules  of this type were  found in a sma l l  zone of the 
py lorus ,  c lose  to its junction with the duodenum. The zone was oval in shape and contained 20 to 30 pits .  The 
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Fig. 1 Fig. 2 

Fig. I. Epithelial cells of gastric pit from pylorus of mouse. Arrow indicates cell containing 
specific inclusions in different parts of cytoplasm. Stained with aldehyde-fuchsin, alum-hematoxy- 
l in and orange.  Magnification 600 • 

Fig. 2. Distribution of specific inclusions (black granules) in cytoplasm of cells  lining gas t r ic  
pit. Arrow indicates region of concentrat ion of granules around karyolemma.  Stained with alde- 
hyde-fuchsin and alum-hematoxylin.  Magnification 900 • 

upper two-thi rds  of these  gas t r ic  pits was lined with epithelium containing the granules descr ibed above. 
Sometimes these cells also emerged on the surface  of the stomach.  These distinctive features  of localization 
suggested that the granules stained with aldehyde-fuchsin were  not atypical collections of mucoids. Ver i f ica-  
tions by the PAS reac t ion  confirmed this hypothesis:  Unlikemueoids these granules  were PAS negative. In ani- 
mals  receiving the a -  and f l-adrenoblockers simultaneously,  the number  and distribution of the granules de-  
scr ibed above did not differ f rom the control .  In mice receiving the a -adrenoblocker ,  specific granules were 
not found whereas  mucoid was present  in the epithelium. Blocking of the ;9-adrenoreceptors  led to widening of 
the zone (up to 100 pits) in which the specific granules were  found. Cells with granules of this sor t  were  con-  
centrated in this case in the outer  (near the sur face  of the mucosa) par ts  of the gas t r ic  pits. 

a - A d r e n o r e c e p t o r s  in glands of entodermal  origin are  known to inhibit, whereas f l -adrenoreceptors  
facil i tate the l iberat ion of secret ion.  The specific granules behaved in the same fashion, confirming their  
s ec r e to ry  nature.  Granules were  par t i cu la r ly  abundant af ter  a combination of Inderal and general  cooling 
(which is how they were  f i rs t  discovered).  The granules were  present  in all cells of the epithelium of the 
pits - f rom the surface  to the pyloric  glands, and the zone lined by this type of epithelium commenced about 
10 pits shor t  of the boundary between the s tomach and duodenum and it occupied more  than half of the pylorus.  
In other  par ts  of the s tomach the granules descr ibed above were never  seen. 

The whole epithelium lining the pyloric  par t  of the stomacb can thus synthesize a specific secre t ion  which 
stains with aldehyde-fuchsin.  Under normal  conditions, however,  the granules of this secre t ion accumulate 
only in cells of a ve ry  small  zone of the mucosa.  If the contents of the specific inclusions a re  discharged into 
the lumen of the s tomach,  the concentrat ion of this substance in the lumen of the s tomach must be low. Since 
the granules were  not concentrated in the apical par ts  of the cel ls ,  this suggested that they are  discharged into 
the internal milieu of the body and contain some sor t  of enterohormone.  Endocrine cells,  sca t te red  among the 
integumentary cells,  and ceils  of the exocrine glands are  known to be present  in the epithelium of the ga s t ro -  
intestinal t rac t .  F r o m  3 to 6 types of such cells  has been identified in the s tomach [1-5]. In light mic roscopy  
they can be demonst ra ted  by s i lver  impregnation or  staining with lead hematoxylin, and also during the de tec-  
tion of "chromaffin" substances.  To tes t  this hypothesis,  sections through the pylorus were stained with lead 
hematoxylin [2]. The granules descr ibed above were not revealed.  The secre t ion staining with aldehyde- 
fuchsin differs f rom the secre t ion  of the enterochromaff in  cells  also in that it is not found in specialized cells 
but in ordinary integumentary cells, distinguishable morphologically from the other cells of the gastric epi- 
thelium. The chemical composition and physiological role of the specific secretory granules described above 
require further study. 
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