i gby 2] g2 ] : A233 A 1 E 1989
Kor. J. Path, Vol. 23(1): 51 -64

HBURE R Rk IRl 2 <] 1y

R B SRS

&85 - SRR - FHEH - WED

HqHo- B

19601 55 AfHF=2 dA3E 7 aslod o7 5
w # el Hefeha] Wb 34l g 4t slo] ghot,
A A Fo dade] fFe] A =, o) HE
Ml 2 2 EE ) Adubd 250 Hal Alelaz #33
Sl rul A £A9ER 277 FAEA AF4 2= el
abA gl 2 A5l EE wldep, HalgEs gl
Aol slel A gh4d dabsd, g4l ool 2 & & 2ta
A, FFA AFE5e] 9E Wl AL 5 glev® )
Aell A7l A A HFHSe] Yo, A,
guinea pigsol4 M3 A Fof AP0
A Fof 47 zo|¥3e o7 Churgst
Richter® = #3348 Bujd2e 47|35 £45n
HAeld 2 E9 HBE of7] 47 dl el auto-
phagye] 48 Fzsigios], A4y f24q £
T 9l BE A£3%E TAHFE AEEFL S35 4
uhA Xef Zlelgtcln stgie, 22z Zeligssy 2
ADAE § 27)ol& L343} RERY £33 42
& F ey 7)o & autophagic vacuole® 4 o] &
A5z Zldoleln dgslgdo, 2g Walker®
off 2l#f # o4 T oby| == He] HFed 2 A
AMaba) £2] 24 (deletion) o] o] glalels 2o
Hz =k, ole} Ro] HAHSe A M=
Agrral B2 7Rde] Azl A ol x =ghe]
Al 45 gl

elofl Mat= A7 FHA AL EdE WAg
dAne AR F 2922 2eeE AHL F9
slanal £ Al dE Al e sl

' =Fe 2 1988 109 A 403 S| 2ol g o
M RS2

HE W YUY

WA 2 AHshe] A zle] bEEictn Qs W
#F 200 gm A =2 Sprague-Dawley® 4 57=}2] &
Tt Aol AREslEe, A4T2 ether v} slof &34
+ @3 Hultquistz} Jnsson™ ol 2]+ #Hslex 4
Tre] KA (Fig. 1)& A1 9% 3 S49] aAde
O3 A % 1L, 36 12417 1, 2, 3, 4, 54, 1, 2
T o gl zt sddle] dalzalg s, 2
7AAA AdgFe] S54E olelye ALz 2
A1 E H5he 64 b dete], 199 2972 2 5
whe], 59FL 202§ 71 AYssic), d=7& 34
F A A A g AAHE s §
F 2] A4 gele] A =28 445,

1. Zesio|ds
Fetdo]| A=A FAatege HAHe| A P44 EE

Right gastroepiploic vein.

Pancreatic duct

Splenic vain Transverse colon

Lienal pancreas
Ligation

Fig. 1. Schematic drawing of location for partial ligation
of the pancreatic duct.
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Comparison of necrosis (top) with apoptosis (bottom). Lethal injury to a normal cell (top, A is usually foll-

owed by generalized swelling (top, B), which progresses to adissolution of organelles and rupture of membranes
{top, C). The earliest phase of apoptosis (bottom, A) involves margination of compacted nuclear chromatin,
cytoplasmic condensation, and local protrusion of the cell surface. Muclear fragmentation also accurs at about
this time, A cluster of apoptotic bodies (bottom, B), some with nuclear fragments and all with intact organe-
lles, 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 appeara-
nces of karyorrhexis may be seen both in necrosis (top, C) and apoptosis (bottom, B).



—AE 9 33 : HEMERRE R EREE B
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AB  : Apoptotic body
AC : Acinar cell

M : Mitochondria

Key for abbreviations
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N : Mucleus

RE : Residual body

: Secondary lysosome
Ag : Zymogen granule

Fig. 3. Pancreas, rat, control, The acinar cells consist of
basally located nucleus and abundant zymogen

granules (hematexylin & eosin, x400).

Pancreas, rat, © hours after duct ligation., A
narrow palely staining zone of necrotic tissue is
present (left middle). The acinar cells show fine
vacuolation of the basal cytoplasm, The acini are
separated by edematous change [hematoxylin &
eosin, x 400).
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Fig. 5. Pancreas, rat, 72 hours after duct [ligation,
Scattered are apoptotic bodies [hematoxylin &
eosin, x400),
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Fig. 6. Pancreas, rat, 72 hours after duct ligation, In-
gested apoptotic bodies by acinar cells (hemato-
xylin & eosin, x1,000).
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Fig. 7. Pancreas, rat, 1 week after duct ligation. Acinar Fig. 8. Pancreas, rat, 8 weeks after duct ligation, Prolife-

cells have mostly disappeared and the pancreas ration of macrophages, containing lipofuscin
consists of duct-like structures in the fibrotic pigments and loosely hyalinized stroma with focal
connective tissue stroma (hematoxylin & eoxin, inflammatory infiltrates (hematoxylin & eosin,
x 400), x400).
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Fig. 9. Pancreas, rat, 6 hours after duct ligation. Margination of heterochromatin (arrow) and irregular nuclear mem-
brane of an acinar cell. Some dilated RER and zymogen granules (TEM, x 13,600).
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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),

Fig. 11. Pancreas, rat, 72 hours after duct ligation. Two distinct memibrane-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,
x 17,000),
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Fig. 12. Pancreas, rat, 96 hours after duct ligation. An apoptotic body, appeared to be Ingested by acinar cell (SEM,
x5,500),

Fig. 13. Pancreas, rat, 72 hours after duct ligation, Apoptesis of an acinar cell showing fragmented nuclei and surro-
unding whorls-arranged RER (SEM, x §,500).
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Fig. 14. Pancreas, rat, 96 hours after duct ligation. An apoptotic body appeared to be ingested by intraepithelial

mononuclear phagocyte (SEM, x9,000)
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Fig. 15,
nucleus and abundant cytoplasm with

ows partly degraded nuclear fragmen ts, rearranged RER and some zymogen granules,
different grade of enzymatic degradation of the organells with cystic dilatation (TEM, x13

& 4 etal=HFig. 11), 22)5 apoptotic bodye| =

FEE A A Eol o) A slglon] Ko
2 AT AL 5ol o)a) 5H4=o] 9)9ic)(Fig.
12, 13)

HBAZ F A7ke] Aghol we} Jamze 5 =
7t F7FBL ©hAl 5 o] Al e ud A 724) Tho] 2

Pancreas, rat, 72 hours after duct ligation. Activated intraepithelial mononuclear phagocyte
phagocytosed apoptotic bodies, A phagocytosed apoptotic body sh-

showing indented

with concomitant
,B00).
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Table 1. Comparison of necrosis and apoptosis

Feature Mecrosis

- —

i —————

Apoplosis

Distribution
cells

Associated exudative
inflammation with
neutrophil infiltration

Usually present

Usually involves groups of contiguous

Affects single cells scattered through
a tissue

Absent {mononuclear cells may be present
if apoptosis is being induced by cell
mediated immunity)

Light microscopy

Electron microscopy

Fate of cell remnants

Mechanism

Cell outline generally retained ;
cytoplasm shows loss of basophilia ;
nucleus shows pyknosis, karyorrhexis,
or karvolysis

Swelling of all cellular components,
rupture of internal and plasma
membranes, dissolution of organelles,
and eventual loss of chromatin

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

Progressive structural and chemical
disintegration following irreversible
disruption of vital processes
maintaining cellular integrity

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
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 macromaolecular
synthesis for its execution
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Apoptosist FeHEAo 2 apja P45 7|
el A necrosisshs Ao 818 ¥of T (Rig 2,
Table 1),

Necrosise 57 3 2 2 mitochondriag] 4] § £&3}
7lek A7 k2] g o M Eehe] miedo] ypehdrn 4
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Mot AE @ olsich A Ak H272E
ok R4 E ] 47} F7}8 2 W48l monocytert 7h
AZE oz o] gdlcd o|gf3E A M E 58] Frhe 5



—wi i el &3 A - Al23 A ) £ 198 —

P4 WS- de ) wWae] Fubel AMellMe va
Slof glom ™ 3] 7| A%e BaAA Al AL} |5
A4 Abgte|ut hamsters] 2}t 8] &4 7
A o = gl o,

a7, apoptosist °] LgolA £ uls} o] M3}
ARE op7| 5w M4l4aF 23K ofF Ao gl Lo}
+ & kel Apoptosis?t 7ie| 4l <lale] 9
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Mechanisms of Acinar Cell Deletion
in Rat Panereas Following Experimental
Duet Ligation

Sang Pyo Kim, M.D., Kun Young Kwon, M.D.
Sang Sook Lee, M.D. and Chai Hong Chung, M.D.

Depariment of Pathology, Keimyung University
School of Medicine

This study was carried out to investigate the mecha-
nisms of acinar cell deletion, leading to the pancreatic
atrophy of rat pancreas after experimental duct liga-
tion. 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
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partial ligation of the pancreatic ducts according to the
procedure develeped by Hultquist followed by sequen-
tial 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 B 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 michoscopy.

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 observed
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 inter-
calated ducts. Conspicuous stroma except intercalated
ducts, Conspicuous stromal hyalinization, thereafter.

Electron microscopically (TEM and SEM)nuclear
condensation and margination toward the nuclear mem-
hrane 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 reach-
ing to the peak by 3 days after ligation. These apoptotic
bodies were found to be phagocytosed by either intrae-
pithelial 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.

Key Words: Apoptosis, Atrophy, Pancreatic duct liga-
tion




