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An e l e c t r o n - m i c r o s c o p i c  study of the panc rea s  of s eve ra l  v e r t e b r a t e s  showed that a s y n c h r o -  
nous sec re t ion  of the panc rea t i c  cel ls  is control led by means  of cy top lasmic  cell  appendages 
that de t e rmine  the se lec t ive  acce s s  of  p r i m a r y  m a t e r i a l s  to the gland cel ls .  The outflow of 
ho rmones  and o ther  metabol i tes  f rom the in t e rce l lu l a r  spaces  into the pe r i c ap i l l a ry  space is 
also control led in the p a n c r e a s  by means  of cy top lasmic  appendages .  
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The following per iods  or  phas e s  of act ivi ty  a r e  conventionally dist inguished in the s e c r e t o r y  cycle of 
pancrea t i c  cel ls :  entry of raw m a t e r i a l s  f r o m  the blood into the cel l ,  synthes is  of the p r i m a r y  secre t ion ,  
its matura t ion ,  accumulat ion,  and l ibera t ion [1, 2]. The f r s t  phase  has  rece ived  leas t  study. According to 
many worke r s  [1-3], the entry  of the raw m a t e r i a l s  into the gland cel ls  s t a r t s  with the i r  t r a n s f e r  through 
the capi l la ry  wall into the p e r i c a p i l l a r y  space .  The  subsequent  pathways of t r a n s p o r t  have rece ived  l i t t le  
study. Some worke r s  [2] cons ider  that the raw ma te r i a l s  pa s s  f r o m  the pe r ioap i l l a ry  space into the cell  
through the basa l  pa r t  of  the p l a s m a  m e m b r a n e ,  whereas  o the r s  [3] deny that this could occur  on the grounds 
that in this p a r t  of the p l a s m a  m e m b r a n e  there  are  no c a r r i e r  enzymes .  In the i r  opinion, raw m a t e r i a l s  
pa s s  f r o m  the pe r i c ap i l l a ry  space  initially into the in te rce l lu la r  spaces ,  and l a t e r  they pass  through the 
p l a s m a  m e m b r a n e  of the l a te ra l  su r faces  of the cel ls  into the i r  cy toplasm.  His tochemica l  evidence in 
support  of this v iew i s  given by the exis tence of c a r r i e r  enzymes  in the p l a s m a  m e m b r a n e  of the l a te ra l  
su r faces  of the cel ls  [3]. However ,  these views regard ing  methods  of t r anspo r t  of the raw m a t e r i a l s  do not 
explain why, with the asynchronous  type of panc rea t i c  sec re t ion ,  some in te rce l lu l a r  spaces  a r e  distended 
and filled with the same  contents as the pe r i e ap i l l a ry  space ,  whereas  o the r s  a r e  s t rongly contracted and 
appear  empty .  

All that can be postulated is  that where the pe r i cap i l l a ry  space connects  with the in te rce l lu la r  spaces ,  
there  ought to be  cer ta in  s t ruc tu ra l  fo rmat ions  which allow or  p reven t  a c c e s s  of the raw ma te r i a l s  to p a r -  
t i cu la r  pancrea t i c  cel ls .  The invest igat ion desc r ibed  below was ca r r i ed  out to study this p rob lem.  

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

The p a n c r e a s  of the g r a s s  frog,  Hor s f i e ld ' s  t e r rap in ,  the hen, r a t ,  and cat were  invest igated.  P i e c e s  
of the organ were  fixed in 3% glutaraldehyde for  1 h, then t rea ted  with o s m i u m  in Mil lonig 's  mix tu re  for  2 h, 
dehydrated in alcohols ,  and embedded in Durcupan.  Sections were  stained by Reynolds '  method [4] and 
examined in the L~MV-100K e lec t ron  m i c r o s c o p e .  

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

The observa t ions  showed that in all spec ies  of an imals  studied the panc rea t i c  s e c r e t o r y  ce l l s  were  in 
va r ious  phases  of the s e c r e t o r y  cycle .  Pinoeytot ie  ves ic les  and fenes t ra t ed  a r e a s ,  indicating the t r anspor t  
of raw m a t e r i a l s  through the cap i l l a ry  wall into the pe r i cap i l l a ry  space ,  were  often observed  in the endo- 
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Fig.  1 Fig. 2 

Fig.  1. P a n c r e a s  of a hen. Cytoplasmic  appendages of b a s a l - l a t e r a l  su r faces  of ac inar  
c e l l s  a r e  a r r anged  in s t r i c t  o r d e r ,  closing the communicat ion between the pe r i cap i l l a ry  
space and in t e rce l lu l a r  space;  12,600• AC) Acina cell; PCS) pe r i cap i l l a ry  space;  CA) 
cy top lasmic  appendages;  NEC) nucleus of endothelial cell; PV) pinocytot ic  ves ic le .  

Fig. 2. P a n c r e a s  of g r a s s  frog.  Different  f o r m s  of a r r a n g e m e n t  of cy toplasmic  append-  
ages  in ce l l s  of  an e f fe ren t  duct .  One in te rce l lu la r  space  i s  comple te ly  separa ted  f r o m  
the pe r i c ap i l l a ry  space ,  another  (indicated by arrow) re ta ins  some  communica t ion  with 
it; 6000• NDC)Nucleus  of duct cell; IS) in t e rce l lu l a r  space;  CA) cy toplasmic  appendages;  
PCS) pe r i c ap i l l a ry  space .  

thel ium of cap i l l a r i e s  adjacent  to glandular  ce l l s .  The  contents of  the pe r i c ap i l l a ry  space were  in contact 
with the p l a s m a  m e m b r a n e  of adjacent  ac inar ,  duct ,  and endocrine ce l l s .  In the basa l  and l a t e r a l  pa r t s  of 
these cel ls  cy top lasmic  appendages r e sembl ing  thin p la tes  o r  mic rov i l l i  were  found. They  var ied  widely 
in the i r  a r r a n g e m e n t .  In some  acini ,  ducts ,  and is le ts  the cy top lasmic  appendages lay one behind the other  
to f o r m  a sor t  of lock, prevent ing  acces s  of the substances  f r o m  the pe r i cap i l l a ry  space  to the in te rce l lu la r  
spaces  (Fig. 1). In o t h e r  acini  they were  f i rmly  p r e s s e d  against  the sur face  of the cel ls ,  so that the way was 
open for  the raw m a t e r i a l s  f r o m  the p e r i c a p i l l a r y  space.  In t e rmed ia t e  (between the two e x t r e m e  states)  
types of re la t ionship  between the basa l  and l a te ra l  cy toplasmic  appendages also were  obse rved  (Fig. 2). 
This  po lymorph i sm of the a r r a n g e m e n t  of these format ions  suggests  that,  functioning l ike a "lock," they 
control  the se lec t ive  acce s s  of  metabo l i t e s  f rom the pe r i c ap i l l a ry  space to the in te rce l lu la r  spaces .  
However,  the function of these cy top lasmic  appendages is p robably  not confined pure ly  to regulat ion of the 
flow of m a t e r i a l s  f r o m  the p e r i c a p i l l a r y  space  into the in te rce l lu la r  spaces .  Liberat ion of s e c r e t o r y  g ran-  
ules  f r o m  the endocrine cel ls  into the in t e rce l lu l a r  spaces  and the i r  t r anspo r t  into the pe r i c ap i l l a ry  space ,  
control led by the cy top lasmic  appendages,  was constantly observer (Fig. 3). This  indicates  that they are  a 
specia l  type of regula tor  of the outflow of ho rmones  and other  metabol i tes  f r o m  the in te rce l lu la r  spaces  into 
the pe r i cap i l l a ry  space ,  f r o m  which these subs tances  then en te r  the blood s t r e a m  of the p a n c r e a s .  

Cytoplasmic  appendages Of cel ls  at the boundary of the communicat ion between the pe r i cap i l l a ry  space  
and in t e rce l lu l a r  spaces  have been found in the w r i t e r s '  l abora to ry  in the l i v e r  (Ao M. Astakhova) and parot id  
gland (G. K. Tsoi ) .  These  facts  sugges t  that the mechan i sm regulat ing the dis t r ibut ion of metabol i tes  b e t w e e n  
the pe r i cap i l l a ry  space  and in t e rce l lu l a r  spaces  desc r ibed  above is not cha r ac t e r i s t i c  of the panc reas  alone,  
but is evidently a un iversa l  fea ture  Of all glandular  o rgans .  
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Fig. 3. Pancreas  of grass  frog. L ibera t ion  
of secre tory  granules of A cells into inter- 
cellular space. Transport  of granules is 
controlled by cytoplasmic appendages; 8,850• 
AC) A cell; CA) cytoplasmic appendages; IS) 
intercel lular  space; N) nucleus of endothelial 
cell. 

It can accordingly be concluded from these findings that the cytoplasmic appendages of the basal and 
lateral  surfaces of ceils play the role of a special metabolite-distributive device, ensuring the asynchronous 
functioning of the acinar, duct, and islet  ceils of the pancreas.  
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