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Uhrastructure of Pancreatic Acinar and Islet Parenchyma 
in Rats at Various Intervals after Duct Ligation* 
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Die Ultrastruktur des Aeinus- und Inselzellparenchyms des Rattenpankreas 
zu verschiedenen Zeitpunkten nach Gangligatur 

Zusammen/assung. Im Rattenpankreas kommt es nach einer Gangligatur zu einer Degene- 
ration und Atrophie der Aeinusepithelicn. Das zugrunde gegangene Driisenparenchym wird 
durch Fett- und Bindegewebe ersetzt. Zeichen einer Regeneration der Aeinusepithelien lassen 
sich nicht beobachten. 

Die B-Zellen des Inselsystems zeigen in den ersten postoperativen Tagen eine Degranu- 
licrung und eine Schwellung des endoplasmatischen Reticulum sowie des Golgikomplexes. 
AuBerdem treten degenerative Ver/~nderungen and auch Nekrosen einzelner B-Zellen auf. Die 
iibrigen Zellen des Inselsystems zeigen keine Ver/~nderungen. An den Ductuli lassen sich Zell- 
proliferationen, Mitosen und Gruppen yon agranulgren oder granulierten Zellen beobaehten, 
welche sich zu Inselkomplexen entwickeln. Die Ursache fiir die B-Zellvergnderungen und die 
anschlieBende Neubildung yon Inselzellen werden diskutiert. 

Summary. Duct ligation of rat pancreas evoked degeneration and atrophy of the acinar 
cells. The atrophied parenchyma was replaced by adipose and fibrous tissue. No signs of 
regeneration of aeinar cells were observed. 

The islet fl-cells showed @granulation and prominent endoplasmic reticulum and Golgi 
complex the first post-operative days. There were also degenerative changes and even necrosis 
of some fl-eells. In the other islet parenchymal cells no obvious lesions were found. The 
ductules seemed to proliferate and showed mitoses and buds composed of agranular and granu- 
lated ceils which appeared to develop into islets. The cause for the fl-eell lesions and the sub- 
sequent neoformation of islet cells is discussed. 

Introduction 

I t  is well known tha t  duct  l igat ion of the pancreas gives rise to extensive 
a t rophy  of its exocrine portion. There are also al terat ions in  the endocrine par t  
of the organ (Mansfeld, 1924; Best, 1934; Larsson, 1956; JSnsson, 1965, 1968). 
The islets of duct- l igated animals  have been s ta ted to be of foetal na tu re  and  
to be resis tant  to the diabetogenic effect of al loxan (Larsson, 1956). The newly 
formed islet pa renchyma in  duct- l igated pancreas may,  however, have a consider- 
able funct ional  capaci ty (Zweens and  Bouman,  1967, 1969). 
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I n  preceding works  the  l ight  microscopic and  physiologic  changes in duct-  
l iga ted  ra t s  were s tud ied  (Eds t rSm and  Fa lkmer ,  1967, 1968). Pa r t i cu l a r  a t t en t i on  
was pa id  to the  pancrea t i c  islets and  the  signs of is let  neoformat ion .  This neo- 
fo rma t ion  seemed to or ig inate  f rom duetu les  and  s t ruc tures  t e n t a t i v e l y  called 
ovoid  or k idney - shaped  bodies.  Cells of ag ranu la r  t y p e  appea red  to  be involved  
in the  deve lopmen t  of the  g ranu la t ed  is let  cells. The  role of duetules  and  agranu-  
lar  cells for the  neoformat ion  and  regenera t ion  of the  is let  p a r e n c h y m a l  cells has 
been emphas ized  in previous  communica t ions  f rom our l a b o r a t o r y  (c]. Boquis t  
and  Fa lkmer ,  1969). 

The presen t  u l t r a s t ruc tu r a l  inves t iga t ion  was u n d e r t a k e n  in order  to  ob ta in  
more in format ion  abou t  the  degenera t ive  and  regenera t ive  changes in the  exocrine 
and  endocr ine  pancreas  of due t  l iga ted  ra t s  and  also to compare  these  changes 
wi th  those  evoked  in these  two cons t i tuents  of the  pancrea t ic  pa r e nc hyma  af ter  
the  admin i s t r a t i on  of e th ionine  or excess meth ionine  (Boquist ,  1969b and  c). 

Material and Methods 
The principles for ligation of the main pancreatic ducts and for the care of the animals 

were the same as those employed in preceding works (Edstr5m and FMkmer, 1967, 1968). 
In all, 14 female Sprague-])awley rats were used. At the beginning of the experiments they 
were about 2 months old and weighed about 200 g. 

The animMs were sacrificed at the following time intervals after duet ligation: 1, 3, 5 days, 
1, 2, 3, 4, 6 weeks, and 6 months. One or two animals were investigated at every observation 
time. Specimens were taken from atrophic (distal to the ligature) and "intact" (proximal to 
the ligature) pancreas and were fixed by immersion in 1% osmium tetroxide in 0.34 1V[ Veronal 
acetate buffer adjusted to pH 7.2--7.4. After fixation the specimens were rinsed, dehydrated 
with ethanol, and embedded in Epon 812. For trimming the blocks and for identification of 
appropriate areas for the thin sections, thick (1 ix) sections were stained with toluidine blue 
and studied under a light microscope. The sections were cut on an LKB Ultrotome I I I  and 
were stained with uranyl acetate and lead citrate prior to examination in a Zeiss EM 9 and/or 
a Siemens Elmiskop I A. 

Results 

No obvious changes were recorded  in the  ac inar  pa renchyma ,  duc t  sys tem,  or 
islet  p a r e n e h y m a  of the  " i n t a c t "  po r t ion  a t  a n y  obse rva t ion  t ime.  

Acinar parenchyma. During  the  f irst  week the re  were progressive degenera t ive  
a l t e ra t ions  in the  ac inar  cells. The zymogen  granules  and  r ibosomes d isappeared .  
The endoplasmic  re t i cu lum was widened  and  a t t a i n e d  of ten a cyst ic  appearance .  
The mi tochondr i a  exh ib i t ed  loss of eristae,  swelling, and  dis in tegra t ion.  The Golgi 
complex  was d isorganized  and  the  nuclei  were pykno t ic ,  Some ae inar  cells showec/ 
focal accumula t ions  of a l te red  cy top lasmic  o rgand ie s  and  lysosome-l ike  bodies 
eontMning s t ruc tures  i n t e rp re t ed  as d a m a g e d  mi tochondr ia  and  membranes  of 
endoplasmic  re t i cu lum (Fig. 1). The ac inar  lumina  were d i l a ted  and  subsequen t ly  
there  was a t r o p h y  of the  ac inar  cells sur rounding  them.  

~Fig. 1. This and all subsequent electron mierographs are from the pancreas of duct ligated 
female rats. The time intervals elapsed after the operation are given within brackets. Exocrine 
cell with rather low electron density containing electron dense structures (E) mainly composed 
of condensed endoplasmic reticulum, a lysosome-like body (L), and a focal accumulation of 

degenerated cytoplasmic organelles (D). (3 days). × 17,000 
Fig. 2. Exocrine pancreatic parenchyma exhibiting severe degenerative alterations, 

(1 week), x6,000 
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Figs. 1 and 2 
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Fig. 3. Pancreatic duetule demonstrat ing a mitotic figure (M) in one of the duetular  cells. 
Microvilli (m) are seen in the lumen (L). (1 week). × 11,000 

Fig. 4. Port ion of duetule cell with a cilium (C) which protrudes into the  lumen (L). At  
the  base of the cilium there are invaginations of the  cell membrane.  The ciliary fibres are 

difficult to discern and possibly degenerated. (2 weeks). × 75,000 
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Fig. 5. Pancreatic ductule with amorphous rather electron translucent material in the lumen 
(L) and dnctular cells showing large cytoplasmic vaeuoles (v) and apical blebs (b). Two of 
the duetular cells have irregular nuclei, one of which is dumb-bell shaped (N), possibly 
denoting proliferation or division. In another ductular cell there are prominent endoplasmie 
reticulum and structures reminiscent of secretory granules (arrows). The basement membranes 
are partly fragmented and thick (m). Electron dense structures probably of degenerative 

nature are also seen (d}. (2 weeks). × 9,000 

By  progression of these alterations the acinar pa renehyma became almost  
completely atrophic and replaced by  necrotic debris approximate ly  one week 
after the operation (Fig. 2). After this t ime an increased amoun t  of adipose 
and fibrous tissue appeared. At  6 months  no aeinar parenehyma was found.  

Duct System. From the 5th day  the duets showed dilation and an  increased 
number  of tubular  structures appeared during the following days. These struc- 
tures tha t  were interpreted as ductules were composed of ceils with cy toplasm of 
low eleetron densi ty devoid of zymogen granules. Mitoses were sometimes observed 
in the ductular  epithelium (Fig. 3). Ra ther  seldom the ductule cells possessed a 
cilium which was prot ruding into the lumen (Fig. 4). The Golgi complex and  the 
endoplasmie ret iculum of some duetule cells were inconspicuous whereas those of 
others were prominent.  Vacuoles and structures resembling secretory granules were 
observed in the duetule cells (Fig. 5). The duetules showed buds of seemingly 
proliferating cells with cytoplasm of low or moderate  electron density. Some of 
these cells were devoid of granules (agranular cells) (Fig. 6) whereas others were 
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:Fig. 6. Portion of bud of cells in a pancreatic ductule showing cells with cytoplasm that 
is moderately electron dense and devoid of obvious secretory granules. A nucleus with deep 

indentations is seen. (3 weeks) × 14,000 

g ranu la t ed  (Fig. 7). Duc tu l a r  buds  of cells were found abou t  1 - - 6  weeks af ter  
the  duc t  l iga t ion and  were pa r t i cu l a r ly  numerous  dur ing the  2nd and  3rd week 
af ter  the  opera t ion .  A t  4 - - 6  weeks there  were duetules  close to  or wi th in  small  
islets. Six mon ths  af ter  duc t  l igat ion the  number  of due ts  and  ductules  was de- 
creased and  there  were no signs of cell prol i fera t ion  f rom them.  

Islet Parenchyma. During  the  first  pos t -opera t ive  days  there  was modera t e  
degranu la t ion  of the/~-cells.  The  endoplasmic  re t i cu lum and  Golgi complex of these 
cells were p rominen t .  Mi tochondr ia l  swelling and  d is in tegra t ion  and  cy top lasmic  
vacuo l iza t ion  were somet imes  recorded  in the  /~-cells (Fig. 8). A t  one and  two 
weeks there  were extens ive  degenera t ive  changes and  necrosis in a few /?-cells 
(Fig. 9). F ib rous  t issue could be seen in some islets  wi th  d a m a g e d  fl-cells f rom the  
2nd week af ter  duc t  l igat ion.  The cis ternae of endoplasmic  re t icu lum were some- 
t imes  d i l a ted  in the  ~l-cells. Obvious degenera t ive  changes were not  observed  in 
these  cells a t  a n y  observa t ion  t ime.  Nor  were such changes found in the  ~z-cells 
(Fig. 10). The agranu la r  cells were ra the r  numerous  in the  ductules  and  islets,  

Fig. 7. Pancreatic ductule in cells without granulation and a peripheral cell with cytoplasmic 
secretion granules (G). The ductular lumen (L) and fibrous tissue (F) are seen. (3 weeks). 

× 7,000 
Fig. 8. Portion of islet fl-cell showing typical secretory granules and slight vacuolization of 
the cytoplasm (v). The mitochondria (m) are swollen and their cristae are disrupted. (1 week). 

× 33,000 
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Figs. 7 and 8 
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l0 

Fig. 9. islet fi-cells showing severe degenerative alterations. There are some secretory granules 
which are structurally preserved. Fibrous tissue is seen among the damaged cellular compo- 

nents. (2 weeks), x 18,000 
Fig. 10. Islet as-cells showing unaffected secretory granules and cytoplasm without vacuoli- 

zation. Some of the mitochondria are swollen. (2 weeks). X 12,000 



Ultrastrueture of Duct Ligated Pancreas 77 

particularly at  1, 2, and 3 weeks. These cells showed no degenerative alterations. 
At 6 months the cellular composition of the islets was normal. Some of the/~- and 
~l-cells exhibited well developed endoplasmie retieulum and Golgi complex, but 
no degenerative changes were found in the islet cells. 

Discussion 

Atrophy of the exoerine pancreas with some similarity to that  evoked by duct 
ligation can be elicited by the administration of ethionine (Boquist, 1969b) or 
excess methionine (Boquist, 1969c). The cause for this is not, known but obstruc- 
tion of the pancreatic duet system may  at least play some role for the develop- 
ment  of the lesions (Boquist, 1969 c). In  exocrine pancreas which has been damaged 
by the administration of ethionine there is sometimes regeneration of acinar paren- 
chyma (Fitzgerald and Alvizouri, 1952 ; Kinney et al., 1955 ; Fitzgerald et al., 1968). 
Regeneration of damaged aeinar cells has also been observed after the admini- 
stration of excess methionine (Boquist, 1969d). In  the present investigation there 
were signs of proliferation of ductule cells. Regeneration of acinar parenchyma 
was, however, not found in the present ultrastructural, or in the preceding light 
microscopic studies (Edstr6m and Falkmer,  1967, 1968). This may  be due to the 
fact tha t  some acinar tissue was left between the ligature and the gut, giving 
possibilities for some pancreatic juice to reach the intestinal lumen, and conse- 
quently, there was no impetus for regeneration (EdstrSm and Falkmer, 1968). I f  
so, one would expect to find some signs of hyperact iv i ty  or hypersecretion in the 
small remaining " in tac t"  portion. Though such signs were lacking it can not be 
excluded that  the secretory activity in this portion was sufficient to supply the 
organism with adequate amount  of pancreatic juice. The defective regenerative 
capacity of the duct ligated pancreas may  also be due to the fact that  the liga- 
tures give a complete and permanent  obstruction of the efferent passages from 
the aeini. This might subsequently cause an "inactivi ty a t rophy"  of the acini. 
In  animals treated with ethionine or excess methionine (Boquist, 1969b and c) 
there was no complete obstruction of the duct system which possibly can account 
for the occurrence of regeneration in their exocrine pancreas. 

The endocrine pancreas of duet ligated rats showed/~-cell degranulation the 
first days after the operation. There were also degenerative alterations and even 
necrosis in some fl-cells during these days. The cause for these changes is not 
quite clear. However, they may  be secondary to the extensive lesions in the 
aeinar parenehyma. The degeneration can also be due to damage to the vessels of 
the ducts, since these vessels are of importance for the structural integrity of the 
ductal and periductal islets (Bunnag, 1966). The degranulation of the h-cells 
accords with the previous finding of hypoglycemia during the first post-operative 
week (Edstr6m and Falkmer, 1968), as it can be anticipated tha t  this signifies 
insulin release. 

In  the preceding light microscopic studies of duet ligated rats (EdstrSm and 
Falkmer,  1967, 1968) an increased number of tubular structures were observed 
but it was not possible to decide with certainty whether these represented pro- 
liferating duetules and/or transformed acini. In  the present s tudy the tubular 
structures were found to be composed of ductular cells without zymogen granules. 
Intermediate stages between acinar cells and duetular cells were not recorded. 
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Thus  no support  for the t ransformat ion of aeini  into duetules was obtained.  Conse- 
quent ly ,  there is reason to believe t ha t  the a b u n d a n t  occurrence of t ubu la r  struc- 
tures indicates a real neoformat ion and  proliferation of pancreat ic  ductules. 

There is light microscopic evidence in  duet  l igated animals  of neoformat ion  
of islets from duetules (Vranie, 1965; Zweens and  Bouman,  1967, I969; Eds t r 6m 
and  Falkmer,  1967, 1968). The presence of small  islets close to duet  epi thel ium 
was also observed by  JSnsson (1968), a l though he did no t  state dea r ly  t h a t  
this could be in terpre ted as signs of islet regeneration.  Duetules seem to p lay  
a role for the regenerat ion of pancreat ic  islet cells s,lso in  a l loxan- t reated animals  
(c]. Boqnist ,  1969 a). I n  the present  s tudy  there were some duetu lar  cells showing 
structures  resembling the secretory granules of fi-cells. Granula ted  cells were also 
found in  proliferating duetules and  islets were observed in association with duetules. 
All these f indings seem to support  the hypothesis  of development  of islet cells 
from duetules. The cause for neoformat ion of islet cells in  duet  l igated rats  m a y  
be t ha t  there is an  ini t ia l  damage to these cells with a subsequent  need for forma- 
t ion  of new cells. 
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