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The v a s c u l a r  pa r t  of the pancrea t i c  t r a n s p o r t  s y s t e m  cons is t s  of the cap i l l a r i es ,  the pe r i cap i l -  
l a ry  space,  and the in te rce l lu la r  spaces .  On the su r face  of the gland ce l l s  and f ib roblas t s  
there  a r e  cy top lasmic  lamel lae ,  facing the pe r i cap i l l a ry  and in te rce l lu la r  spaces .  Injection of 
f e r r i t i n  showed that  they fulfill the role  of a me tabo l i t e -d i s t r ibu t ive  complex  between the p e r i -  
cap i l l a ry  and in te rce l lu la r  spaces .  The va scu l a r  pa r t  of the pancrea t i c  t r a n s p o r t  s y s t e m  is 
respons ib le  for  supplying raw m a t e r i a l s  to the gland cells  and conveying hormones ,  des t royed  
cell  s t ruc tu re s ,  and some digest ive enzymes  into the cap i l l a ry  s y s t e m  of the gland. 

KEY WORDS: pancreas ;  cy toplasmic  lamel lae ;  me tabo l i t e -d i s t r ibu t ive  complex.  

The pancrea t i c  t r a n s p o r t  s y s t e m  consis ts  of two par t s :  the vascu l a r  pa r t  and the ducts. The vascu l a r  
pa r t  consis ts  of cap i l l a r i e s ,  the pe r i c ap i l l a ry  space ,  and the in te rce l lu la r  spaces .  In the modern  view [1, 2, 
4], this pa r t  of the t r a n s p o r t  s y s t e m  is respons ib le  fo r  supplying the gland cells  with metabol i tes  requi red  
for  the synthes is  of spec i f i c  sec re t ions ,  and for  the r emova l  of pancrea t i c  hormones  into the vascu l a r  sys tem.  
A study of the u l t r a s t r u c t u r a l  organizat ion of the va scu l a r  p a r t  of this t r a n s p o r t  s y s t e m  [2] showed that  on the 
su r face  of the gland cel ls  t he re  a r e  cy top lasmic  lamel lae ,  which can sepa ra t e  the pe r i cap i l l a ry  space  f rom the 
in te rce l lu la r  spaces .  It was accordingly  postulated [1] that the cy top lasmic  l amel lae  fulfill  the role  of a m e t a -  
bo l i te -d is t r ibu t ive  complex,  by means  of which the asynchronous function of the gland cel ls  is regulated.  How- 
ever ,  this hypothesis  requ i res  convincing exper imenta l  evidence.  

The object  of this invest igat ion was to continue the study of the s t ruc tu re  and function of the vascu l a r  
pa r t  of the pancrea t ic  t r a n s p o r t  sys t em.  

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

Grass  f rogs ,  chickens,  and albino ra t s  were  used. Under e ther  anes thes ia  f e r r i t i n  was injected in t ra -  
venously into the an imals  in a dose of 20 rag/100 g body weight, and 20 rain l a t e r  the ma te r i a l  for  investigation 
was taken intravi ta l ly .  P ieces  of the panc reas  were  fixed for  1 h in 3% glutaraldehyde,  then postf ixed in Mill- 
onig 's  mixture  at pH 7.3 for  3 h, dehydrated in acetone,  and embedded in E p o n - A r a l d i t e .  The pieces  were  then 
stained with 0.5% uranyl  aceta te  in 70 ~ acetone. Ult ra thin sect ions  were  cut and examined in the IEM 100 B 
e lec t ron  mic roscope .  

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

The vascu l a r  pa r t  of the pancrea t i c  t r a n s p o r t  s y s t e m  of the g r a s s  frog,  chicken, and albino r a t  obeys 
the same  pr inciple  in its s t ruc tu re .  It cons is t s  of cap i l l a r ies  with a f enes t ra t ed  endothelium, a pe r i cap i l l a ry  
space,  and in te rce l lu la r  spaces .  Cytoplasmic  lamel lae ,  pro jec t ing  into the in te rce l lu la r  spaces  and into the 
pe r i cap i l l a ry  space,  a re  p re sen t  on the l a te ra l  su r f aces  of the gland cells  and on f ibroblas ts .  In some  a r ea s  
the cy toplasmic  lamel lae  of neighboring cel ls ,  over lapping each other,  s epa r a t e  the in te rce l lu la r  spaces  f r o m  

Depar tment  of Histology and Embryology,  N. I. P i rogov Second Moscow Medical Institute. Labora to ry  
of Elec t ron  Microscopy and Cell Pathology, Resea rch  Institute of Human Morphology, Academy of Medical 
Sciences of the USSR. (Presented  by Academic ian  of the Academy of Medical Sciences of the USSR Yu. M. 
Lopukhin.) Trans la ted  f r o m  Byulleten'  l~ksper imental 'noi  Biologii i Meditsiny, Vol. 81, No. 5, pp. 598-601, 
May, 1976. Original a r t ic le  submit ted  May 15, 1975. 

| 
This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 1 7th Street, Ne,~v York, N.Y.  10011. N o  part ] 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I In icrofilmlng, recording or otherwise, wi thout  written permission o f  the publisher A copy o f  this article is available from the publisher for  $ 7.50. 

746 



Fig. 1. Vascu la r  pa r t  of the pancrea t i c  t r a n s p o r t  sys tem:  a) f e r r i t i n  
in p e r i c a p i l l a r y  space  before  cy top lasmic  l ame l l ae  (arrow) of exocr ine  
panc reocy tes  of ra t  panc rea s  (51,000 • b) f e r r i t i n  in in te rce l lu la r  
space  of chicken panc reas  (40,000 • c) zymogen granule  in cap i l l a ry  
lumen of g r a s s  f rog  panc reas  (20,000 • d) myel in ized mi tochondr ion 
in exocr ine  panc reocy te  and d is in tegra ted  s t r u c t u r e s  (arrow) in i n t e r -  
ce l lu la r  space  of chicken panc reas  (24,000 • e) d i s in tegra ted  s t r u c t u r e s  
expel led (arrow) f r o m  in t e r ce l l u l a r  space  into pe r i e ap i l l a ry  space  of 
chicken panc reas  {40,000 • f) d i s in tegra ted  s t r u c t u r e s  (arrow) in cap-  
i l l a ry  lumen of chicken panc rea s  (20,000 • PCS) P e r i c a p i l l a r y  space ,  
ICS) in t e rce l lu l a r  space ,  CL) cy top lasmic  l amel lae ,  EP) exocr ine  pan -  
c reocy te ,  LC) lumen of capi l la ry ,  ZG) zymogen  granule ,  MM) myel in ized  
mitochondrion.  

the p e r i c a p i l l a r y  space ,  whereas  in o thers  they are  absent,  so that  communica t ion  between these  two pa r t s  of 
the t r a n s p o r t  s y s t e m  is undisturbed.  Injection of f e r r i t i n  showed how the sp r ead  of its pa r t i c l e s  outside the 
cap i l l a ry  s y s t e m  depends on the functional s ta te  of the cy top la smic  l amel lae  of the gland ce l l s  and f ibroblas t s .  
In a r e a s  where  they blocked communica t ion  between the p e r i c a p i l l a r y  space  and in t e rce l lu l a r  spaces ,  no f e r r i -  
tin was obse rved  to pene t ra t e  into the l a t t e r  (Fig. la) .  Converse ly ,  in a r e a s  where  the pe r i c ap i l l a ry  space  was 
not blocked by cy top lasmic  l amel lae ,  f e r r i t i n  pene t ra ted  f r ee ly  into the in t e rce l lu l a r  spaces  (Fig. lb) .  These  
expe r imen t s  conf i rmed  the view [2] that the cy top lasmic  l amel lae  of the gland cel ls  and f ib rob las t s  fulfil l  the 
ro le  of a me tabo l i t e -d i s t r ibu t ive  complex  and cont ro l  the movemen t  of t i s sue  fluid f r o m  the p e r i c a p i l l a r y  space  
into the in t e rce l lu l a r  spaces .  At the s a m e  t ime  morphologica l  evidence of movemen t  of metabol i tes  in the 
Opposite di rect ion,  i .e. ,  f r o m  the cel l  toward the cap i l l a ry ,  was seen.  Evidence of this was given b y  d is in te-  
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gra ted  cell  s t r u c t u r e s  and zymogen granules  of exocr ine  pancreocy tes  (Fig. ld,  e, f) in the in te rce l lu la r  
s p a c e s  and the i r  subsequent  t r a n s p o r t  into the pe r i cap i l l a ry  space  and f r o m  it into the cap i l l a ry  sys tem.  In 
those cases  when the cy top lasmic  l amel lae  covered  the communica t ion  between the in te rce l lu la r  spaces  and 
pe r i cap i l l a ry  space,  s t r u c t u r e s  expel led f r o m  the ce l l s  we re  held up in the in t e rce l lu l a r  spaces .  

It can be concluded f r o m  these  findings that the movement  of subs tances  f rom the in te rce l lu la r  spaces  
into the pe r i c ap i l l a ry  space  is a control lable  p r o c e s s  a lso  p e r f o r m e d  with the aid of the me tabo l i t e -d i s t r i bu -  
t ive complex.  

Expulsion of d i s in tegra ted  cell  s t r u c t u r e s  into the in te rce l lu la r  spaces  and the i r  t r a n s p o r t  into the p e r i -  
cap i l la ry  space  and cap i l l a r i e s  under  pathological  conditions has  a lso  been obse rved  in the l iver ,  myocard ium,  
and thyroid gland [3]. The w r i t e r s '  observa t ions  show that a s i m i l a r  pathway exis ts  under  normal  conditions 
in the pancreas .  As r ega rds  the concre te  fact  of the e l iminat ion of zymogen granules  (Fig. le) ,  conveying di-  
ges t ive  enzymes  into the in te rce l lu la r  spaces  and cap i l l a ry  sys t em,  the blood level  of pancrea t i c  enzymes  is 
evidently maintained by a mechan i sm of this sor t .  

It  can be concluded f r o m  the facts  desc r ibed  above that  the va scu l a r  pa r t  of the panc rea t i c  t r a n s p o r t  
s y s t e m  consis ts  not only of cap i l l a r i e s ,  the pe r i c ap i l l a ry  space ,  and the in te rce l lu la r  spaces  but also of a 
unique metabo l i t e -d i s t r ibu t ive  complex consis t ing of cy top lasmic  lamel lae  of the gland cel ls  and f ib rob las t s ,  
with the aid of which metabol i tes  a re  d is t r ibuted between the pe r i cap i l l a ry  space  and the in te rce l lu la r  spaces .  
Besides  the functions of supplying raw ma te r i a l s  to the gland cel ls  and of removing  hormones  as desc r ibed  
previously ,  the vascu l a r  pa r t  of the t r a n s p o r t  s y s t e m  is a lso  respons ib le  for  the function of evacuat ion of d i s -  
in tegrated cel l  s t r uc tu r e s  and of some  digest ive enzymes .  
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