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Regenera t ion  of the panc reas  a f t e r  r e sec t ion  follows a s i m i l a r  course  in the moni tor ,  pigeon, and ra t .  
The bas i c  fo rm of r egene ra t ive  hyper t rophy .  The ro le  of fo rmat ion  of glandular  e lements  de novo at  the 
edge of the defect  is insignif icant .  

Many exper imen ta l  invest igat ions on the panc reas  have shown that  r e s to r a t i on  of this organ a f t e r  
c rush ing  or  burns, takes  p lace  through r e g e n e r a t i v e  p r o c e s s e s  a t  the edge of the defect  and in the res idue 
of the o rgan  r2-4]. However ,  data in the l i t e ra tu re  on regenera t ion  of the pancreas  a f t e r  r e sec t ion  a r e  con-  
f l ict ing.  Many inves t iga to r s  r e p o r t  that  r e s to ra t i on  of the organ takes place mainly  by  r egene ra t ive  h y p e r -  
t rophy [1, 5-9] ,  while o thers  pay m o r e  at tention to p ro l i fe ra t ion  of gland t i s sue  f rom the edge of the defect .  

The object  of the p re sen t  invest igat ion was to study regenera t ion  of the panc reas  not only in m a m m a l s  
( ra ts ) ,  but a lso  in b i rds  and rep t i l e s  (pigeons and moni tors ) .  

Because  of the spec ia l i zed  s t ruc tu re  of the panc rea s  in pigeons,  consis t ing of two large  lobes lying 
within a loop of smal l  intes t ine,  it was  poss ib le  to study the morphologica l  s ta te  of the r e sec ted  and r e l a -  
t ive ly  intact  lobes a f t e r  exc is ion  of half  of the organ.  

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on 60 r a t s ,  64 pigeons,  and 20 moni to r s .  Wedge-shaped  a r e a s  of the 
gland (moni tors ,  ra ts)  or  ha l f  the o rgan  (pigeons) were  r emoved  and the an imals  were  sac r i f i ced  in a f a s t -  
ing s ta te  a f t e r  decapi ta t ion at  per iods  of between 12 h and 360 days a f te r  the operat ion.  Pieces  of t i s sue  
taken f r o m  the edge of the opera t ion  wound and some  dis tance f r o m  it were  fixed in 12% neutra l  formal in ,  
in Carnoy ' s  and Regaud 's  f luids,  by  Aoyama ' s  method,  and in 80 ~ alcohol.  Paraf f in  sect ions  were  stained 
with hematoxy l in -eos in  and by Van Gieson ' s  and G o m o r i ' s  methods .  Nucleic ac ids ,  po lysaccha r ides ,  a lka -  
l ine phosphatase ,  mi tochondr ia ,  and the Golgi appara tus  were  demons t ra t ed .  The dimensions  of the cel ls  
we re  e s t ima ted  indirect ly  f r o m  the d e c r e a s e  in the i r  number  pe r  field of vis ion of the mic roscope  (the 
field of vis ion was r e s t r i c t e d  by  a window in the ocular  m e a s u r i n g  2 x 2 mm).  The r e su l t s  were  subjected 
to s ta t i s t i ca l  ana lys i s .  The mitot ic  index was calcula ted pe r  10,000 ce l l s .  

EXPERIMENTAL RESULTS 

The r e sponse  of the exocr ine  cel ls  to mechanica l  injury was un i form in al l  inves t igated an imals  and 
was  d i rec t ly  dependent on the s eve r i t y  of t r a u m a .  Some cel ls  died and d is in tegra ted .  Cells fur ther  f rom 
the si te of t r a u m a ,  i .e . ,  under  m o r e  favorable  conditions underwent  dedifferent iat ion.  This  dist inct ive r e -  
sponse  of the pancrea t i c  epi thel ium was analogous in the di f ferent  v e r t e b r a t e s  (moni tors ,  pigeons,  ra t s ) .  
It took the f o r m  of flattening of the gland cel ls  lining the t e rmina l  por t ions  and ducts s i tuated a't the edge of 
the defect .  The epi thel ium was cha rac t e r i z e d  by absence  of s e c r e t o r y  granules ,  d i f ferent ia t ion of the cy to-  
p l a s m  into zones ,  changes in the shape and local iza t ion of the mi tochondr ia ,  and Golgi appara tus ,  r ed i s t r i bu -  
t ion and re la t ive  d e c r e a s e  in the nucleic acid content,  and appearance  of granules  of glycogen and alkaline 
phosphatase ,  no rma l ly  absent ,  in the cy top lasm of some of its ce l l s .  As a r e su l t  of dedifferent ia t ion of the 
t e r m i n a l  por t ions  and ducts ,  mos t  of them were  conver ted  subsequent ly  into cys t - l ike  spaces  while o thers  
s e rved  as the sou rce  for  fo rmat ion  of a few ducts and t e rmina l  por t ions  of glands de novo. 
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Fig. 1. Edges of wedge-shaped excisedzone of pancreas  
in a monitor  4 months af ter  operation.  Negligible new 
gland format ion at bo rde r  with condensed connective 
t issue.  Hematoxylin-eosin,  400 x. 

Fig. 2. Parenchyma of resec ted  lobe of pan- 
c reas  in a pigeon one year  after  operation. 
Hematoxylin-eosin,  200 x. 

However,  the negligible formation of new glandular s t ruc tures  at the edge of the defect on account of 
differentiated and prol i fera t ing cells of the terminal  portions and ducts was of no essential  importance,  be -  
cause in every  case the a rea  of regenera t ion was microscopica l ly  small ,  and most  of its s t ruc tu res  showed 
cys t ic  degenerat ion or  were compressed  by coarse  connective t issue.  Only in the pigeon, af ter  resect ion 
of one-fifteenth of the gland, did the smal l  number of newly formed gland s t ruc tures  play a substantial  
role in co r rec t ion  of the wedge-shaped defect.  By 3 months this defect could no longer  be detected, being 
filled with pancreat ic  t issue indistinguishable f rom that surrounding it (however, the possibil i ty of repa i r  
p roces se s  taking place at a distance f rom the site of injury could not be excluded). In the monitor ,  how- 
ever ,  the smal l  a rea  of gland removed (1-15th of the organ) was replaced by coarse  connective t issue,  and 
the smal l  number  of newly formed terminal  portions remained functionally imperfect  even after  4.5 months 
(Fig. 1). Evidence of this was given by the absence of zymogen granules and of division of the cytoplasm 
into zones,  and also by the atypical  state and a r rangement  of nucleic acids, .and organoids.  

The resul ts  obtained by examination of the re la t ively intact and resec ted  lobes of the pancreas  af ter  
removal  of half  this organ f rom the pigeon were par t icu lar ly  interest ing.  On the 10th day after  operation, 
prol i fera t ion of connective t issue was observed along with the format ion of a few terminal  port ions and 
ducts at the edge of the defect. Subsequently, this connective t issue not only prevented the formation of new 
glandular t issue at the edge of the defect,  but also compressed  and caused atrophy of the parenehyma far  
f rom the site of injury (Fig. 2). For  this r eason  the weight of the resec ted  lobe was reduced,  and in some 
cases  af ter  one yea r  it was only 40 mg (normally 506 rag). The weight of the intact lobe of the gland in 
some animals 6 months af ter  operat ion was more  than twice or  three  t imes its normal  weight. One year  
af ter  operation the weight was a little lower. Hypertrophied celIs of the terminal  portions in this lobe 
contained a large nucleus r ichly supplied with DNA granules and a pyroninophilic nucleolus. The presence 
of substances staining intensely with pyronine,  of many large and well outlined mitochondria,  and of a hy-  
per t rophied Golgi apparatus in the basal  par ts  of the cells indicated increased  functional activi ty of the 
gland. Bearing in mind also that hyper t rophy of the cells was accompanied by an increase  in the mitotic 
index, the existence of regenera t ive  hyper t rophy of the lower lobe was evident. The lymphoid t issue of the 
pigeon 's  pancreas  was par t icu lar ly  interest ing.  On the 3rd day after  the operation it was present  in large 
quantities at  the edge of the defect,  and later ,  throughout the period of investigation, it was found both at 
the site of injury and some distance f rom it. 

Hence, in different c lasses  of ve r t ebra tes  (repti les,  b i rds ,  and mammals) ,  a definite s imi lar i ty  exists 
in the course  of r e s to ra t ive  p r o c e s s e s .  

In every  ease the role of regenera t ive  p rocesses  taking place at the edge of the defect is negligible 
and the principal  form of res tora t ion  of the pancreas  is by regenera t ive  hyper t rophy.  
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The cel ls  in the regenera t ing  panc reas  a r e  c h a r a c t e r i z e d  by  inc reased  functional act ivi ty.  
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