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The resul t s  of an u l t ras t ruc tura l  study of the acinar  apparatus of the pancreas  during sec re -  
tory activity a re  described.  Membranous s t ruc tures  of the ac inar  cells  circulate from the 
basal  to the apical  surface of the plasma membrane  and, af ter  l iberation of the secretion,  
are  incorporated into s t ructures  of the Golgi complex. The authors consider  that this c i rcu-  
lation of the membranous  s t ruc tures  indicates their interchangeabil i ty and their possible 
reuse  af ter  corresponding modification. 

The idea of an exchange of membranous  s t ruc tures  between the superf icial  and inner segments  of the 
cell  is at  present  under wide discussion. It is c losely linked with the problem of how membranes  are  
formed and with the aid of which cell organoids. This is an ex t remely  important  section of cytology in which 
our knowledge is still very  limited. 

The surface  m em braneso f  the endothelial cell, as Fawcett  [6] points out, being intensively used in the 
course  of pinocytosis,  phagocytosis,  the t ranspor t  of mate r ia l s  through the cell, and so on, would be worn 
out were they not replaced at  an equivalent rate .  The question of the exchange, circulation,  exchangeability, 
and reuse  of membranes  in s ec re to ry  glandular cells is a par t icu lar ly  acute problem [1]. 

During the l iberation of secret ion by a merocr ine  type of process  many new membranous  s t ruc tures  
a re  constantly being incorporated into the apical membrane,  and this ought evidently to be accompanied by 
a l imit less  increase  in size of the ducts. However, no appreciable increase  in the lumen of the ducts is ob- 
served under ordinary  conditions. The question a r i ses  what is the disposal of the excess  of membranous  
s t ruc tures  in the apical par t  of the cell. The suggestion has been made that this excess  of membranes  is 
reused  by the cell through the backward movement  of the membranes  into the cytoplasm [10]. However, it 
is not ye t  c lear  how this reuti l izat ion of the surface membranes  of the cell takes place. Some workers  
[10, 5, 3] point to the possibil i ty of a r e se rved  flow of membranes  by endocytosis ,  while others [6-8] suggest  
that this p rocess  takes place at the molecular  level or that the membranes  are  used as a building mater ia l  
for synthesis de novo [4, 11]. 

The object of this investigation was to examine the possibili ty of circulat ion of the membranous  s t ruc-  
tures  of the cytoplasm and of the bounding cell membrane  of the exocrine cells  of the pancreas  during their 
metabolic activity at  the u l t ras t ruc tura l  level. 

E X P E R I M E N T A L  METHOD 

The exocrine part of the pancreas of male Wistar albino rats during activation (pilocarpine, secretin, 
pancreozymin) or inhibition (atropine, morphine, trasylol) of secretion and after the intake of food (a bal- 
anced diet or one consisting chiefly of proteins, carbohydrates, and lipids), formed the test object. 
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Fig. 1. Flow of cytoplasmic membranes  in the direction 
from the basal  to the apical zone: a) small,  smooth vesi-  
cles (V) at apices of folds of basal  surface of plasma mem- 
brane (BM). 60,000x; b) format ion of zymogen granules 
(ZG) in Golgi complex and their  shedding into the cytoplasm, 
42,0n0• c) t ransformat ion  of membranes  of rough re t icu-  
lure (RR) into smooth membranes  of the Golgi complex (GC), 
38,oOnx. 

For  e l ec t ron -mic roscop ic  investigation the pancreat ic  t issue was fixed by Pa lade ' s  method in 1% os- 
mic acid solution, dehydrated in alcohols,  and embedded in methacryla te  mixture,  Araldite,  and Epon. U1- 
trathin sections were cut on the LI<B-8800 micro tome and stained with lead ci t rate  by Reynolds '  me'~hod. 
The mate r ia l  was examined in the UEMV-100B and 100K e lec t ron  microscopes .  

EXPERIMENTAL RESULTS 

The exoerine cells of the pancreas are a convenient model for studying the circulation of membranes 
for the processes of intake of the original materials and synthesis of the digestive enzymes take place in 
particular cell territories: the intake of the materials in the basement membrane of the cell, synthesis of 
the primary secretion in the rough endoplasmic retieulum, in the basal portion of the cytoplasm, the forma- 
tion of the secretory granules in the Golgi complex, and the liberation of the finished digestive enzymes in- 
to the lumen of the duct in the apical portion. There is thus a natural flow of elements of the cytoplasm in 
the direction from the basal surface of the plasma membrane toward the apical surface. 

On activation of the first phase of the secretory cycle (the intake of nutrient materials) numerous 
folds or invaginations are formed in the basement membrane of the acinar cells, With the separatior~ of tiny 
smooth vesicles from their apices to become incorporated into the membranes of the cytoplasm (Fig. la). 

Primary synthesis of digestive enzymes in the exocrine cells of the pancreas is known to take place 
at the level of the smooth membranes of the ergastoplasm, after which the secretory nsemifinished product" 
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Fig. 2. Incorpora t ion  of f r agments  of apical  p l a sma  m e m -  
brane  into the sys t em of cy top lasmic  m e m b r a n e s :  a) large 
invaginations and vacuoles  (V) of apical  cel l  m e m b r a n e  
(AM). LD) Lumen of duct, 40,000• ; b) sma l l  smooth vacu-  
oles (V) separa t ing  f rom apical  m e m b r a n e ,  48,000x; c) 
fusion of m e m b r a n e  of vacuoles  of Golgi complex (GC) with 
apica l  m e m b r a n e  (AM), with the fo rmat ion  of a pore  (P), 
54,000x. 

en t e r s  the lumen of the c i s t e rn s  of the rough re t icu lum,  f rom which it is t r anspor ted  into the zone of the 
Golgi complex.  The re  is no d i rec t  communica t ion  between the channels of the rough endoplasmie  re t icu lum 
and the Golgi complex.  

At this s tage of in t race l lu la r  t r anspor t ,  a t  the boundary between the rough endoplasmic  re t icu lum and 
the Golgi complex the phenomenon of t r ans fo rma t ion  of the rough e r g a s t o p l a s m i c  m e m b r a n e s  into smooth 
is encountered.  Dist inct  pa r t s  of the rough m e m b r a n e s  lose their  r i b o s o m e s  and form ves icu la r  evagina-  
tions, f rom which sma l l  ves ic les  a re  constant ly  being shed. Somet imes  these ves i c l e s  s t r e tch  out into a 
chain fo rming  what is apparen t ly  a br idge between the rough tubules and the smooth ves i c l e s  of the Golgi 
complex (Fig. lc) ~. 

The molecu la r  bas i s  of this t r ans fo rma t ion  of the m e m b r a n e s  is not ye t  c lea r .  F r o m  the physiologi-  
cal  point of view the phenomenon of in ternal  p inocytos is ,  by means  of which the synthes ized product  is 
t r anspo r t ed  f rom the c i s t e rn s  of the rough re t i cu lum into the sys t em of smooth laminae and vacuoles  of the 
Golgi complex.  

One of the functions of the Golgi complex is to provide a l imit ing m e m b r a n e  for  the s e c r e t o r y  gran-  
ules.  During accumula t ion  and condensat ion of the sec re t ion  the Golgi c i s t e rn s  a re  constant ly  dilating and 
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subsequent ly  spl i t t ing off vacuoles  of d i f ferent  e l ec t ron  densi t ies  (Fig. lb). As the sec re t ion  finally m a t u r e s  
the zymogen granules  incorpora ted  into the m e m b r a n e  a r e  displaced into the ap ica l  port ion of the cytoplasm.  

At this level  the next stage in t r a n s p o r t  of m e m b r a n e s  supplied with a natural  label  (osmiophil ic 
secret ion)  f rom the s y s t em  of the Golgi complex toward the apical  cell  m e m b r a n e  can thus be observed .  

Fu r the r  convers ions  of the m e m b r a n e s  of the s e c r e t o r y  granules  depend on the type of l ibera t ion of 
the sec re t ion  [2]. Exocr ine  cel ls  a r e  c h a r a c t e r i z e d  by a m e r o c r i n e  type of secre t ion ,  of which there  a r e  
two va r i e t i e s :  with l ibera t ion  of s ec re t i on  through pores  invisible in the e l ec t ron  mic roscope  and with the 
l ibera t ion  of s ec re t ion  through wide pores .  

In the f i r s t  case  a f t e r  d ischarge  of the s ec re t i on  an "empty"  vacuole,  sur rounded by a smooth m e m -  
brane,  r e m a i n s  in the cy toplasm.  In the other  type (meroc r ine  secret ion)  the m e m b r a n e s  of the zymogen 
granules  a r e  incorpora ted  into the ap ica l  p l a s m a  m e m b r a n e  to fo rm numerous  invaginations r e s e m b l i n g  
bays .  In this type the s e c r e t o r y  granule  acqu i res  the p r o p e r t i e s  of a cel l  m e m b r a n e  and its t h r e e - l a y e r e d  
s t ruc tu re  becomes  c l ea r l y  vis ible ,  while in turn,  new s e c r e t o r y  granules  may  be empt ied  into the "bay. ~ 

After  d i scharge  of the sec re t ion  a modera t e  degree  of dilatat ion of the lumen of the cen t ra l  ac inar  
ducts is observed,  but a t  the same  t ime the apica l  m e m b r a n e  f o r m s  many  round invaginations,  often pene-  
t r a t ing  deeply into the cy toplasm and sepa ra t ing  as la rge  vacuoles  (Fig. 2a). E l sewhere  in the zone of the 
apica l  p l a s m a l e m m a  mult iple  invaginations a r e  fo rmed,  f rom which sma l l  smooth ves i c l e s  r e s e m b l i n g  
pinocytotic ves i c l e s  a r e  shed and penet ra te  singly or in chains into the apica l  cy toplasm or lie in the sub- 
m e m b r a n o u s  zone (Fig. 2b). 

Af ter  d i scharge  of the sec re t ion  three  types of smooth ves i c l e s  can thus be obse rved  in the zone of 
the apica l  p l a s m a l e m m a :  1) vacuoles  empt ied  of thei r  s ec re t ion  af ter  d i scharge  of the contents through the 
" intact"  m e m b r a n e ,  2) l a rge  vacuoles ,  3) smal l  ves ic les ,  fo rmed  by sepa ra t ion  f rom invaginations of the 
ap ica l  m e m b r a n e .  

The quest ion of the functional ro le  of these vacuoles  and the poss ibi l i ty  of r euse  of thei r  m e m b r a n e s  
in the sys t em of smooth ves i c l e s  of the Golgi complex and rough re t icu lum of the cy top lasm accord ingly  
arises. 

No conclusive evidence is available that the three types of vacuoles can be reincorporated into the 
system of membranes of the Golgi complex or rough reticulum. However, there is indirect evidence that 
reuse of the elements of the bounding membrane of the cytoplasm can take place. Direct contact between 
the vacuoles of the Golgi complex and the apical cytolemma is possible, with discharge of the contents of 
the vacuole and incorporation of its membrane into the apical eytolemma (Fig. 2c)~ Consequently, reincor- 
potation of elements of the apical cytolemma into the system of the Golgi complex can take place to over- 
come the deficiency of membranes arising in the course of secretion. After liberation of the secretions the 
localization of the Golgi complex changes and it moves closer to the apical plasmalemma, thus facilitating 
incorporation of the apical plasmalemma into its system. 

These facts show, in the writers' yiew, that the membranous structures of the cell possess extraor- 
dinary plasticity. However, the interchangeability of the membranes is undoubtedly connected with changes 
in their molecular structure [9] which cannot be detected by electron-microscopic analysis. 
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