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Mechanisms of Acinar Cell Deletion in Rat Pancreas Following
Experimental Duct Ligation

Sang Pyo Kim, MD ; Kun Young Kwon, MD ; Sang Sook Lee, MD ; Chai Hong Chung, MD
Department of Pathology, Keimyung Universtiy School of Medicine, Taegu, Korea

This study was carried out to investigate the mechanisms of acinar cell deletion, leading to the pancreatic
atrophy of rat pancreas after experimental duct ligation. Fifty-seven male Sprague-Dawley rats, maintained
on a stock diet, weighing 200 gm, in average, were divided into 2 experimental groups.

Group 1. Control group. Six rats. Abdominal cavity was opened and closed without further treatment.

Group 2. Fifty-one rats. Animals were treated with partial ligation of the pancreatic ducts according to
the procedure developed by Hultquist followed by sequential sacrifices at: 1 hour (3 rats), 3 hours (3 rats),
6 hours (6 rats), 12 hours (3 rats) and 24 hours (8 rats); 2 days (8 rats), 3 days (3 rats), 4 days (3 rats)
and 5 days (5 rats); 1 week (3 rats), 2 weeks (3 rats) and 8 weeks (3 rats); after ligation. Distal part of the
pancreas of the animals after partial ligation was extirpated and examined by both light and electron microscopy.

The results obtained were as follows:

Light microscopically, noted were an interstitial edema and focal necrosis of the pancreatic tissue along
with fine vacuolization and depletion of the zymogen granules in the acinar cell cytoplasms and condensation
of the acinar cell nucleus. These changes were ohserved by 2 days after ligation. At about the same time,
one can observe the dense body, identified to be apoptotic body, in the acinar cells which were found to
be decreased in quantity. By 5 days after ligation, no recognizable acinar cells left in the collagenous stroma
except intercalated ducts. Conspicuous stroma except intercalated ducts. Conspicuous stromal hyalinizaﬁon.
thereafter.

Electron microscopically (TEM and SEM), nuclear condensation and margination toward the nuclear memb-
rane was noted by 6 hours after duct ligation. By 24 hours sporadic membrane-bounded apoptotic bodies
appeared in the acinar cells, the number of which reaching to the peak by 3 days after ligation. These apoptotic
bodies were found to be phagocytosed by either intraepithelial mononuclear phagocytes or adjoining acinar
cells. )

It can be concluded, therefore:

That orderly remodeling of pancreatic exocrine tissue during atrophy is effected by rapid deletion of acinar
cells by apoptosis.
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Fig 1. Schematic drawing of location for partial ligation
of the pancreatic duct.
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Fig 2. Comparison of necrosis (top) with apoptosis (bottom). Lethal injury to a normal cell (top, A) is usually followed
by generalized swelling (top, B), which progresses to a dissolution of organelles and rupture of membranes
(top, ©). The earliest phase of apoptosis (bottom, A) involves margination of compacted nuclear chromatin,
cytoplasmic condensation, and local protrusion of the cell surface. Nuclear fragmentation also occurs at about
this time. A cluster of apoptotic bodies (bottom, B), some with nuclear fragments and all with intact organelles,
is formed when the protuberances on the cell surface separate with membrane sealing. The apoptotic bodies
are engulfed and degraded by resident tissue cells (bottom, C). Note that the light microscopic appearances
of karyorrhexis may be seen both in necrosis (top, C) and apoptosis (bottom, B).
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AB . Apoptotic body

AC * Acinar cell

IEMP : Intraepithelial mononuclear phagocyte
M . Mitochondria

Key for abbreviations

N ! Nucleus

RB : Residual body

SL . Secondary lysosome
Ag . Zymogen granule

Fig 3. Pancreas, rat, control. The acinar cells consist
of basally located nucleus and abundant zymogen
granules (hematoxylin & eosin, x400).
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Fig 4. Pancreas, rat, 6 hours after duct ligation. A nar-
row palely staining zone of necrotic tissue is pre-
sent (left middle). The acinar cells show fine
vacuolation of the basal cytoplasm. The acini are
separated by edematous change (hematoxylin &
eosin, x400).
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Fig 5. Pancreas, rat, 72 hours after duct ligation. Scat- Fig 6. Pancreas, rat, 72 hours after duct ligation. Inges-
tered are apoptotic bodies (hematoxylin & eosin, ted apoptotic bodies by acinar cells (hematoxvlin
x400). & eosin, x1,000).

Fig 7. Pancreas, rat, 1 week after duct ligation. Acinar Fig 8. Pancreas, rat, 8 weeks after duct ligation. Proli-
cells have mostly disappeared and the pancreas feration of macrophages, containing lipofuscin
consists of duct-like structures in the fibrotic pigments and loosely hyalinized stroma with fo-
connective tissue stroma (hematoxylin & eosin, cal inflammatory infiltrates (hematoxylin & eo-

x400). sin, x400).
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Fig 9. Pancreas, rat, 6 hours after duct ligation. Margination of heterochromation (arrow) and irregular nuclear
membrane of an acinar cell. Some dilated RER and zymogen granules (TEM, x13,600).

2
i

Fig 10. Pancreas, rat, 72 hours after duct ligation. Apoptotic body of an acinar cell, containing nuclear fragments
(arrow) with marginated condensed heterochromatin and RER arranged in whorls (arrow head) (TEM,

x20,400).
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Fig 11. Pancreas, rat, 72 hours after duct ligation. Two distinct membrane-bounded apoptotic bodies are found,
larger one in the left upper corner and the smaller one in the right lower. There are nuclear granular

aggregate (arrow head) in the larger apoptotic body and semi-lunar dark condensed nuclei in the smaller
one (TEM, x17,000).

Fig 12. Pancreas, rat, 96 hours after duct ligation. An apoptotic body, apperared to be ingested by acinar cell (SEM,
x5,500).
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Fig 13. Pancreas, rat, 72 hours after duct ligation. Apoptosis of an acinar cell showing fragmented nuclei and surroun-

ding whorls-arranged RER (SEM, x5,500).
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Fig 14. Pancreas, rat, 96 hours ‘after duct ligiltion. An -apoptotic body appeared to be ingested by intraepithelial

mononuclear phagocyte (SEM., x9,000).
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Fig 15. Pancreas, rat, 72 hours after duct ligation. Activated intraepithelial mononuclear phagocyte showing indented
nucleus and abundant cytoplasm with phagocytosed apoptotic bodies. A phagocytosed apoptotic body shows
partly degraded nuclear fragments, rearranged RER and some zymogen granules, with concomitant different
grade of enzymatic degradation of the organelles with cystic dilatation (TEM. x13,800).
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Table 1. Comparison of necrosis and apoptosis

o} gl2. v} necrosisol| A A 9] B A g
B AEE B3l A8dd F BATARR 22
Hog MutH X2 necrosisE HGved olE W
s A|7be] Al whel AAETH wely o
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Feature Necrosis

Apoptosis

Distribution
cells

Associated exudative  Usually present

inflammation with

neutrophil infiltration

Light microscopy Cell outline generally retained;

cytoplasm shows loss of basophilia;
nucleus shows pyknosis, karyorrhexis,

or karyolysis

Electron microscopy

Usually involves groups of contiguous

Swelling of all cellular components,

Affects single cells scattered through
a tissue

Absent(monouclear cells may be present
if apoptosis is being induced by cell
mediated immunity)

In transient early stage, nuclear chromatin
is marginated. Cellular fragmentation
leads to production of round or oval
eosinophilic masses some of which contain
basophilic chromatin dots

Initially chromatin margination, cytoplasmic

rupture of internal and plasma
membranes, dissolution of organelles,
and eventual loss of chromatin

Fate of cell remnants Ingested, and degraded by cells of
mononuclear phagocytic system.
remnants in persistence of cell
remnants in a tissue depends on size
of area of necrosis and integrity of
microcirculation within the area,
for access of phagocytes

Mechanism Progressive structural and chemical
diéintegration following irreversible
disruption of vital processes

maintaining cellular integrity

condensation, and focal protrusion of

cell surface; further condensation
associated with nuclear fragmentation and
cellular budding to produce a cluster of
which organelles are well-preserved

Apoptotic bodies are rapidly phagocytosed

and degraded by resident tissue cells
of a variety of types. The majority of
apoptotic cell remnants detected by
electron microscopy show evidence of
partial degradation

Apparently active process of cellular

self-destruction requiring macromolecular
synthesis for its execution
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