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The Early Changes of Exocrine Pancreas and the Induction of
Acute Pancreatitis after Irradiation in Rats

Nam Kyu Kim M.D,, Kyong Sik Lee M .D., *Min Goo Lee M.D. and *Kyung Hwan Kim M .D.

Department of Surgery and *Pharmacology, Yonset University College of Medicine, Seoul, Korea

The first aim of this study was to observe the early changes of exocrine function and mor-
phology after single large dose of irradiation on rat pancreas. In addition, the relationships

among irradiated pancreas, hypertrophied pancreas and acute pancreatitis were investigated.
Male Sprague-Dawley rats were used. Single irradiation was given using linear accelerator
with 6 MeV elecrron beam, dose of 2000 ¢Gy. Acute interstitial pancreatitis was induced by
four subcutaneous injections of caerulein 20ug/kg at every hour. Camostat 200 mg. kg(i. g.)
was administered for four days to induce pancreatic hypertrophy. The pancreas weight(g/
100g B. W.) was increased after irradiation but tissue protein and amylase contents were de-
creased. The pancreatic juice volume were increased at 3 days and 1 week, and then norma-
lized at 3 weeks after irradiation. The pancreatic juice voume, protein and amylase output
were decreased in rats with caerulein induced acute pancreatitis. A decrement of the pancre-
atic juice volume In acute pancreatitis was larger in rats with irradiation than in rats without

irradiation. Irradiation worsend the morphologic changes associated with caerulein induced

pancreatitis, which were markedly noted at I week after irradiation. Camostat induced

hypertrophied pancreas exhibited more severe morpologic changes in response tho irradiation
combined with caerulein. (Koren J Gastroenterol 1994;26 : 716-727)

Key Words: Exocrine pancreas, Irradiation, Acute pancreatitis, Caerulein
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(3) Camostat x|y watAdl AL caerulein#|4
o} §42 : camostat-d 4947t HHF o HHAMIE
z22RtE 34, 13 wE 33 caeruleing 14]
7 7¥A 02 43 FAH(15712}). Camostat(Schwartz
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4 447 AT,

3 W AMH
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o & HgAure AH HHct
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(0.5 CU/kg/hr)cholecystokinin octapeptide(Sigma
Chemical Co.,U.S.A;CCK-8600 ng/kg/hr)%&Al =}
F 2ujg AH shsdch.
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= 04110018 #HR FAuE] 2 A 315
ook WA 5 FARES WA 24 1FUF O
45+0.030.2 %7} stgont 3dAe 3FAd= hE
3} zpol7} giglch(Table 1).

WA ZAME caerulein HHRE A 2HE A
29} W zpol7h el o] Wb @5 A F9} o Ao
7} gen] WA FALE caerulein A HT
o] 79 camostat& A HA|Hw 7z} whabAd 24} 3
s, 15d4elE= A FA wlgol 37 st
3FAE #ol7) flHch(Fig. 1).

2 =X i3l amylase B

o) =AW ) ek 30.6 +1.3mg/100gB.
W.olglow caerulein A e djELel v
ste] Fag Apol7t §idlch. WAL ’bE FAlE S o
zgtol wlE) 2AY e gheko] Zpadhe A¥E v}
el 134l 23.8+4.18 7Pt =2A i &
9c}(Table 1).

WAL EAME caerulein FAY STl AT
camostat& A =& whapAd 24} 3dA A 24
Ul o gefe] 271 Hol Aslet 15 2 3FAd
£ #ol7} fdick(Fig. 2).

gz2Fe =AW amylasest=sb2 bzt 2.80+0.18
x 10°1U/100gB.W.°1%l 2 ¥ caerulein HAZY i
% amylase®] AW ko] Skl A4S vehd
gt} HALA = ZALZL b2l H[sle] amylase
grego] 3R sl 15AA el 1.39+£051%
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Table 1. Changes of Pancreatic Weight and Tissue Protein and Amylase Content

Panc. Weight

Tissue Content

Protein Amylase
g/100g B.W. mg/100g B.W. x10°1U/100gB.W.
Control 0.37+0.01 30.6+1.3 2.80+0.18
Caerulein 0.414+0.01* 33.1+£1.2 3.70+1.12
3 days 0.40+0.01 29.5+1.8 1.76 £0.35%*
Radiation 1 Week 0.45+0.03** 23.8+4.1* 1.39+0.51**
3 Weeks 0.38+0.02 25.9+25 2.28+0.32

Valuse are means+S.E.

Caerulein ; Acute Pancreatitis is induced by total four subcutaneous injection of 20 pg/kg body weight of

caerulein at hourly interval over 3 hours.

Radiation : Radiation is performed using 6 MeV electron beams linear accelerator, single dose of 2000 cGray

on the exposed pancreas.
*P<0.05, **p<0.01 : Difference from contro!

B gy
048 B 1week

B dweeks

Pancreatic Weight
g /100 g body weight

XAT XRT+Cae Cam+XRT+Cae
Fig. 1. Changes of pancreatic weight irradiation
XRT : radiation is performed using 6 MeV
elecron beams linear accelerator, single dose
of 2000 cGray on the exposed pancreas.
XRT : Cae:20 ug/kg of caerulein is injected
subcutaneously four times after irradiation.
Cam+XRT+Cae:Caerulein is injected after
irradiation on the hypertrophied pancreas. by
camostat(200 mg/kg/day, intradiation for 4

days)

3 days, 1 week, 3 weeks:Duration after irra-
diation

*p<0.05:;Difference between XRT and XRT
+Cae

*p<0.05:Difference between XRT and Cae
Cam+XRT+Cae

7} §lslck(Table 1). Caerulein #)AFed §ubZdl| u)
gt A ZAME caerulein#Ar SFol 4] QA
ZAY amylase?] §Hafo) 3, 154l o) 74 3
A2 3FAN: 5B = AL ebich whabd

W adays
1 week
B Iweeks

Protein Contents
mg /100 g body weight

XRT+Cae Cam+XRT+Cae

Fig. 2. Changes of rotein contents in pancreatic tis-
sue after irradiation
XRT : Radiation is performed using 6 MeV
elecron beams linear accelerator, single dose
of 2000 c¢Gray on the exposed pancreas.
XRT : Cae:20 pg/kg of caerulein is injected
subcutaneously four times after irradiation.
Cam+XRT+Cae:Caerulein is injected after
irradiation on the hypertrophied pancreas. by
camostat(200 mg/kg/day, intradiation for 4

days)

3 days, 1 week, 3 weeks:Duration after irra-
diation

*p<0.05: Difference between XRT and XRT
+Cae

**p<0.05:Difference between XRT and Cae
Cam+ XRT+Cae

ZAMF caerulein HAe] FEe] A9 camostat &
A AHshd AR 243U 2 amylasedt
Fol 24zt 37} ot 15, 35S o7t ¢lsl
}(Fig. 3).
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Table 2. Changes of Secretory Volume

Volume(ul/hr/100g)
Basal Secretin Secretin+CCK
Control 19.4+2.8 59.5+7.0 128.8+13.3
Caerulein 14.9+4.1 67.8+14.3 72.7+18.6*
3 days 97.2+19.7** 175.2 £ 21.6** 253.9+13.7**
Radiation 1 week 37.2+11.9* 132.2 £23.5%* 191.1 £23.5*
3 weeks 20.9+49 63.2+8.4 99.5+15.2

Valuse are means +S.E.
Secretin(0.5CU/kg/hr)with or without CCK-8(600ng/kg/hr)was infused i. v.
Caerulein : Acute pancreatitis is induced by al total four subcutaneous injection of 20 ug/kg body weight of

caerulein at hourly interval over 3 hours.

Radiation : Radiation is performed using 6 MeV electron beams linear accelerator, single dose of 2000 cGray

on the exposed pancreas.

*n<0.05, **p<0.01 : Difference from control

XRT+Cae Cam+XRT+Cae

Fig. 3. Changes of amylase contents in pancrealic

tissue after irradiation

XRT : Radiation id performed using 6 MeV
elecron beams linear accelerator, single dose
of 2000 c¢Gray on the exposed pancreas.
XRT : Cae:20 ug/kg of caerulein is injected
subcutaneously four times after irradiation.
Cam+ XRT+ Cae:Caerulein is injected after
irradiation on the hypertrophied pancreas. by
camostat (200 mg/kg/day, intradiation for 4
days)

3 days, 1 week, 3 weeks:Duration after irra-
diation

*»<0.05:Difference between XRT and XRT
+Cae

*»<0.05:Difference between XRT and Cae
Cam+XRT+Cae

3. NEY Bl

2] HAe] Bujgke 7] F8jA] 19.4+2.8

*%

1207
W 3days E1 No caerulein
s 1 week 1004 H Caerulein
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v ¢ Qo
e €% 8o
2 5 3>
8 2 S3
C o Z2 60
o
@ o b3
n o °
8 - g:
o Z 40
€2 £
< o, 3
o
- 20
>

0

Control XAT Jdays XAT 1wk © XRT dwks

Fig. 4. Changes of basal secretoty volume of pancre-
atic juice after irradiation and caerulein injec-
tion
XRT : Radiation id performed using 6 MeV
elecron beams linear accelerator, single dose
of 2000 c¢Gray on the exposed pancreas.
Caerulein | Acute Pancreatitis is induced by
a total four:20 ug/kg of caerulein is injected
subcutaneously four subcutaneous injection
of 20ug/kg body weight of caerulein at
hoterval over 3 hours.

3 days, 1 week, 3 weeks:Duration after irra-
diation

*p<C0.05** p<0.01:Difference from secreto:
ry volume of pancreatic juice after after in-
duction of pancreatitis by caerulein injection

Caerulein #HA 42 7|2 8" secretin
A Fuje dlz2ge ¥ Holrt glglert secretind
CCK %A| A2AP= 72.7+18.602 thETel ulsto

L/hr/100g B.W., secretinz}=+#n]x] 59.5+7.0, se- 9]9] glA| 7t4A sldc). WA dE BARES 34H

v

cretin ¥ CCK §4] A= #1]4] 128 £13.30]%ic}. 2} 15-dR ol HEFoll viste] 7]lagn], AL 2
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Basa! Protein Output
mg/hr/100g body weight

Secretin Stimulated Volume
ut’hr/100g body weight

%
0.05
501 * %
‘ XRT XRT+Cae Cam+XRT+Cae

0 -

Control XRT Jdays XRT 1wk XRT 3wks

Fig. 5. Changes of secretin—stimulated secretory vol-

ume of pancreatic juice after irradiation and
caerulein injection

XRT : Radiation is performed using 6 MeV
electron beams linear accelerator, single dose
of 2000 ¢Gray on the exposed pancreas.
Caerulein; Acute Pancreatitis is induced by a
ctotal four subcutaneous injection 20 ug/kg
body weight of caerulein at hourly interval
over 4 hours.

3 days, 1 week, 3 weeks:Duration after irra-
diation

*p<0.01:Difference from secretory volume
of pancreatic juice after induction of pancrea-
titis by caerulein injection

Fig. 6. Changes of basal protein output after irradia-

tion

XRT : Radiation is performed using § MeV
elecron beams linear accelerator, single dose
of 2000 c¢Gray on the exposed pancreas.
XRT+Cae : 20ug/kg of caerulein is injected
subcutaneously four times after irradiation.
Cam+ XRT+ Cae . Caerulein is injected after
irradiation on the hypertrophied pancreas by
comostat(200mg / kg / day, intragastric
adminisration for 4 days)

3 days, 1 week, 3 weeks:Duration after irra-
diation

*p<0.05:Difference beween XRT and XRT
+Cae

*p<0.05 : Differecce beween XRT +Cae and

Cam+XRT+Cae

Table 3. Changes of Protein Qutput
Protein(mg/hr/100g B.W.)

Basal Secretin Secretin+CCK
Control 0.15+0.03 0.26 +0.05 1.69+0.26
Caerulein 0.03+0.01* 0.07 £0.02* 0.20+0.06**
3 days 0.12+0.04 0.094+0.03 1.42+0.46
Radiation 1 week 0.09+0.03 0.09+0.01 1.54+0.27*
3 weeks 0.17+0.05 0.23+0.03 0.94+0.21

Valuse are means £ S.E.

Secretin(0.5CU/kg/hr)with or without CCK-8(600ng/kg/hr)was infused i. v.

Caerulein : Acute pancreatitis is induced by al total four subcutaneous injection of 20 ug/kg body weight of
caerulein at hourly interval over 3 hours.

Radiation : Radiation is performed using 6 MeV electron beams linear accelerator, single dose of 2000 cGray
on the exposed pancreas.

*p<0.05, ¥**p<0.01 : Difference from control

T AR Ewlske] 71 stdl e &3 secretin}= 7)x Enu)d
of g Rul Fril dizy el dA kg
(Table 2). ¥ FAME caeruleind A $-FL
A4 A7 lA caeruleino & HAF& doAd Mo}

secretin A}=HE-v]of| 4] FHAed Hujel 7t
27 |5 A4 stgoh(Fig. 4,5)
secretin ® CCK £4] 2F281] 1.69+0.260]%1e

W caerulein A G FEFdAe V2 AF
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Table 4. Changes of Amylase Qutput
Amylase(IU/hr/100g B.W.)

Basal Secretin Secretin+CCK
Control 91+13 237+34 778 £89
Caerulein 34+11* 99 +23* 238 +85**
3 days 189 £75* 253 +140 1071+177
Radiation 1 week 73+22 103 +16* 812+126-
3 weeks 106 +30 255 +27 60098

Valuse are means +S.E.

Secretin(0.5CU/kg/hr)with or without CCK-8(600ng/kg/hr)was infused i. v.

Caerulein : Acute pancreatitis is induced by al total four subcutaneous injection of 20 ug/kg body weight of
caerulein at hourly interval over 3 hours.

Radiation : Radiation is performed using 6 MeV electron beams linear accelerator, single dose of 2000 cGray
on the exposed pancreas.

*p<0.05, **p<0.01 : Difference from control

W 3 days
1 week

B3 3 weeks

Basal Amylase Output
U hr'100g body weight

LA

XRT XR%N Cam+XRT+Cae
Fig. 7. Changes of basal amylase output after irradi-
ation Fig. 8. Photmicrograph of pancreas 3 days after ir-
XRT : Radiation is performed using 6 MeV radiation interstitial edema between lobules
elecron beams linear accelerator, single dose is well observed(H&E stain, x 40).

of 2000 cGray on the exposed pancreas.

XRT : Cae:20 ug/kg of caerulein is injected A e = o o Loy 2 Tl
subcutaneously four times after irradiation. A =5 2ARES A AR e e o
Cam+ XRT+Cae:Caerulein is injected after 27 & o) Rugke] RE Al7)ollA] d|RFo] v]E}
irradiation on the hypertrophied pancreas. by slo o

camostat (200 mg/kg/day, intradiation for 4 o Zel7k wsiet

days) (Table 3). W} ZALE caerulein# A i w
3 days, 1 week, 3 weeks:Duration after irra- A G ZAERG 712 A2 Bh) 25 BE )7
diation '
*5<0.05: Difference between XRT and XRT N4 &4 2wle] ztashe A8 viehhdch 44t
+Cae A ZAbF caerulein F) Ao FF oA com-
* . :
C};fﬂ&?{.{?}iféf:ee between XRT and Cae ostat HHAT BAL 72D AT a] B2 A|7]olA]
whalBuako] 271 ke A Vehlich(Fig. 6).
o) w54 F g Halggo] Fhaghqlct.
| ZFolla) & vh Bajzke] 3hadsc) 5. lase iz
4, ChY 2|2}

)27 9] amylase ¥rlagkE 7]2En] 91+13 IU/
2 & i Evlske 7lzEu 0.15+0.03 hr/100g B.W. o] secretin A}=+¥-u] 237+ 34,se-
mg/hr/100g B.W. secretin z}=84) 0.26 +£0.05, ¥ cretin® CCK &A1 A= vl 778+ 89°]9.0.4
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Fig. 9. Photmicrograph of rat pancreas 1 week after
irradiation condenstaton of acinar cell nucle-
us, vacuolar degeneration of cytoplasm, and
necrosis of some acinar cells are abserved(H
&E stain, x200).

Fig. 10. Photmicrograph of rat pancreas in which
pancreatitis is induced by caerulein injec-
tion shows interstitial edema between lob-
ules vacuolar degeneration of acinar cell cy-
toplasm are demonstrated(H&E stain, x
200).

caerulein A& & ALE 7|22 22 Eul =
4 amylase #ulgFo] 7t4 3lgr}. vALA th=
ol 4 amylase EwvjaE HubHo g wzF-o
o 2 o7l ¢4dcH(Table 4). WAk =
caerulein A FUFL Yrhd &5 Tl o)
8te] amylase H-H|%e] AR sk S el
W, Wik ZARE caerulein #7hed foibatoll M
camostatg A =3 7§ 3FH o] amylase F-nv|ek
o] F7} sdck(Fig. 7).

Fig. 11. Photmicrograph of rat pancreas in which
pancreatitis is induced by caerulein injec-
tion | week after irradiation shows vacuolar
degeneration of acinar cell cytoplasm is
more marked than in pancreas after irradia-
tion alone(H&E stain, x400).

Fig. 12. Photmicrograph of rat pancreas in which
pancreatitis is induced by caerulein injec-
tion after irradiation on hypertrophied
pancreas by camostat administration
shows vacuolar degeneration of acinar cell
and local cellular necrosis are observed(H
&E stain, x 200).

WA ZALE Aol st deldd e sl
o] ZalW) ¥EY Lol WA M (Fig. 8)F-2

d
o] g%, AEde] FEAA, A AE] 5 A
FE3)Ago]l A Fdvk. ojeiqh wsh: Wb Hab
F 3dARE f2 Helow 15U 7 Alstdd
A= Al ols) MESSE A Hch(Fig. 9).
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4 s‘ﬂ%ﬂa}]a}oﬂx{ caeruleino & HAY fuA] E7
Hog 24 Ao]e] ZHAW BF, AEAe] FE W
4, "]'54 Aol AFAE AP T4 IrAo]
A& =Hck(Fig. 10). WAk A= Hel caer
ulein#Are] fEA] MR @5 Akt A I
A caerulein#Aod-fHbAl e A ARk AT =

2 &Are Jehydoh(Fig. 11). Camostat e 2 vl
#2 Aol wAbd ZAPR caerulein#Fe] A
camosat &= ¢ HAel4 Mol AF AW
nz 4 JEAAY AZA T2, 144 A2
A}(enzmatic cell necrosis) 5o| &3 = sick(Fig. 12).

i} &

uhabd A EW A EAp 2HgEte] HEE BE
3} Al7|7, 0 o]8) o]3) EHE AT 2 r:]-
£ 2x 53] BEAl 28 244 FeVE ¥4
o] A Eoll &2 Frh 53 Xf FES 24 A
B2 80%t FEol= whabid ZALR I AE &
Ao #2 544 Fe7) dFelzta 43 ok
ol2J§ ME &£A4kel 23z DNA, RNA st#, B4 2
£ Aoll, AEEA Aoll, JHA oiFe] W
AZ AT Fatel oA ok HestHo R 7]
L 8 53, 8 shyjs} g de) wishy) WA A
I olox MEAL BFY Fxwile] zMEA, F
FollE A AR A AAAHEY] &Y HH23
x50 473} ol ©E 7% Wiyt vehdch A
AL uhabadel dfs wlmd Wie] & A A
i 2 Felld A LZALE 53 WAkl WAe] 2
i g e jEuAdal gidd nlEtds A
& bk Aol A4 A WAL ZARe]| e}
U I amylase84% F2 eld 4 amylasedFo]
gha b Wb ZabE A4 o¥v] 7%l HiE
AT ATE WAk ZAbeks} whfle) wheb ohax Zelr}
A=, F7) Ws= dubde HAAY a4 F
go| Az} Ztasted whA AP £AE Holy e
gRoZn AAE 59 A AW AR Hal
oh0 9B 715 7] W] ¥ By 1 A
A7} AAEA gk, FHAclE A 2AHE A3
g §4Eu7} agcin sled®0 oeidAs F

2 34 A%, TF A% olNAs WA A

W

ujade) x7) Wsis} AR

ol BY A7

#27} A5 Hgichen 0 e 58 AgedlA Ak
ZAME 2559 A Bule dAHo® F4EA
gk 54 E8l= A% gt Pieronige!" 7 A
Aol 27 A 2000cGY oF- WA ZALF 14
By 79, 155Y 28F71A] 2] 7l5S #H5H9
o WA 24} 2FA) 7] FAY ulgke] 40%
o)A} Z7}8} 1 secretin®t CCK 2} Eujsge] F7}
st olz|gh FAFE AW Ao g Folsithrt HA
A|7bo) 7pAA] A4 goka Edcth

B AYelAE #a ARl WA A 34, 1
FA 7|2% 2AF Bl AR Fuje] 71
3 3FAE HEHE B ok olud AR
FHEu] Abels WAPAZAL o 9fell ofe] WA A
Z 7p7AE, *ﬂﬁ:?, Zollinger—Ellison &35 2
Aefol 4 @33 5w o) A9 secretinel] thEF Wk
x| 27} e} bt o)2idt A4 secretinel o
g AVAELL) 3reAe] F7t =AY AEF7E F7F
7] wjFel Ao oteyd glom' M B AgeAx
)zl ua] WA ZARFANA secretinel] Wi A
Aol Rwjukgo] #21% AL B Addch zept
AP 2 Aol 28} Alo)R)AF XMub Ao 2 secretin]
2ol FeiEdr] g be Ay AT S ot

2 A ARAEL Fule A 2AMF 357
A= HEHE B 5 glsdch olt sRellA WAk =
215 PABA testE o|83}o) 7tdd o #Hxk o
7152 AT Az 9dAYEH BaEwlst AS FFa
gch= Ahmadu-suka5'?9] X e} dsir}. o]z
g zloli= BF F719] xo|, WAt Zapake) Apo]
g FASE A B A A 7)zke] &S] o
Foletx At Hct.

ALY ZALE AAEAY Aastase] gEe 34
ARE] 7rastr] Aatsted 154 s AlSHAl Ata
9w 3FA i FUbshe A4gE ok oE
Ak Wl ZALZ Z7)e AW A gHAo]
FA3] Azt HAr) @EQd AR Be|w? A7te]
Az wEA Az AE7) Skl dsted 2gska A
NAZES] 8 Foll o 3% == zlog Az

Bejabalal Wk Volk$'0e el whabd =4}
F 5964 8 Apolel] 7pA Al wis} & @9 W}
2 AEA TEHAF s} 2”3
FA tha 3o Frkx shdch. M EH 9] ey

o

— 724 -



—The Korean Journal of Gastroenterology: Vol. 26, No. 4, 1994 —

Aol WAL E ZARE A 3UARE x2S 47
ol HAEY 1FUA 714 Asle] & 55 A AE 9
F, FX U4 71AYY 43AE A8 AvEAe
FAE B9 Aok ot 8 AYeME wapd =
AHE 3UARE ko] A Hm TUAC] AW
FEH 2ol /MR Afed & 55, AXA TEN
A =3 Forhs AEY A= AX7) AN #
Z Hd. 3FA0] ¥-53 $£HE sl kAT )
9 ¥YegrAQl Wil A% FF F3Uch o|ezke)
WAk Al Al g2 S48 8 A9ed), =
g2 A% & Fe714e 3] AFAH FA 3
s} whabd o] #A o Patods of2|7hR] kil u}
7t ik, A¥EA #HAGLe FBW EF, ¢F, trypsin
59 F42 4 A demr®  HIoe
caeruleing HujA2 L8 oA S Foil: AFA
Fdo] go] o]&5 3 gt Caerulein® cholecy-
stokinin®} A} peptide®3® 1ut/kge] fefoz =
2] Ayl &4 Furl 7 HARHT 5ug/kg )
FHego 2 Foslw Y5, hamsterFoll 4 APz A
o] by Aoyl FAPu7l F45 add.

Caeruleing #Hd| 2583 oldos Fof5ld zy-
mogen?}§3} M2} ajolo Aoliz} A7) Al #
Z} zymogen#ge]l ML J|AFEZ o)FslH T
zymogen}go] X2 §3tstod Aot TEF YA
A A FRAUNE 28 E A0 BelEe] 3
7tadt 2bgo] dejuirht #Ae] whAE =R
Baodeh® obgel zymogen #H7le] §¢H TE
7v gadst §38le Arhast A4S 08 &4 g
F& Yt

T o= FA4 Agde] HerAe gl 84
Ak el F8Ao] diF s 9o caerulein-ft A
ox =AY superoxide dismutasev} catalased 7}
2AA B A S48 2aigidy B H
I Qleh BB B APl M caeruleing #HF FoiA]
A S8 7% FHZ Asle} Ao 7}
Aol AR 59 AZAY FEAYSS 3 &
4 Ak

wpeba] vhALA Akl §4 AR e TAE Bt
A Ak Sellxf Azs) B ok & S
ke FAL FaAY AsF s §ko] 4 Ho]

e A7hast abgo] Malso] FA Ade] A
b B kg Qe dbd, gAY S8 ME &
F 7IAE AL E IPT fejvld 98 Hejmg
WAL AR S caerulemo @ HAFE b
AFHE AY 2 7159 Yeghq Hsr) e Ag
g B2 3gon ol njFfo] Bo Wit ZApe}
w4 #Agztel BAle AxE Fale] ko] o
TAes Azt fct. 9 vigE HPLS =AY 54
T 371 Aol ol F4 Aol o 2 A7)
o AlEHA &5 vk 7FeAde] Al H3 Qe A
2] vldl& trypsin A4l camostate] AT Fof
2 5 AlEs ded? olg 39 71de yaA
CCK #ulgaloleln <taix <ok & AgelA
camostat 2 2 w|th ¥l HAgo) WAl ZALE cae-
ruleine & HAdS fdstw v|diEz] e AF}R
o 2AgA o g AEIAL, AEA FEHAYFo] B}
AsHA #2 =dct. Webd camostato 2 wjtigl
o] WAk ZAMY caeruleind A A B} 4]
g W3} 2ol AV S S AEtE Ao o
AR}, 22 ZAaEwERe ofd 7} sgded o
€ 7Fsel #dErr] Brle o)v| Atk HAte
v F o foletr YAt ol NYe ARE g
8 2 3 Aol Al ko) WA 2AME 9
¥ 7169 £7] W A Bvske gxle] 5
8 Aoy o] 71L s Hr} 7} PeTAo
& Ata s obge] WAl ZALR olu) HAbo] &4
e Aol AgE AR FEAl 28 75
#3}7} o] Adhe Hefjsbro 2w Ml AlRE ws) o
Ro| F2 HAUL ol2] 71HE SAALE EFI f2)7)
o} gaA=|o] 27171 o| o) Fojel Ao 2 Yrpgict,

[« ot
v =

WAL 24 2706 Jepde 4 98] 715
ZA8A HEFE st Jolz) Al 2} #iAbe
WAl v oaFE s o) AE2S Q).

1) 33 A aiAs zapsbd dlzgo vl
o AAe] FAl= FokskAE ZAu] oA amylase
ek gta stgom caerulein F-odof] o8 o]
o] iyl A% AR F-A} Fishc)

2) FARY Fujeke vhald Z2ALE 39 9 154

— 725 -



— Nam Kyu Kim, et al. : The Early Changes of Exocrine Pancreas and the Induction of Acute Pancreatitis

After Irradiation in Rats —

ol 2 vl8 71 sgont 3FAAE vk
stk 22 & =y Eus} amylase EulgS
A A7)l AA z2F E ezt glsiet

3) A e} Ak 2=A1E Yl caeruleind
ol AL ¢ A7E AZRY EuEd
amylases} ©h¥ Eu|gko| X5 74 st o] WA
ZANE 39, 15dA6de A4 IFucl Ay B
o] oS 2t dhgdc).

4) WA ZAE AR 220 33 Wv|AA A
& e MY ¥, o 55, AEAe] TE
A, AAZS d2Fo] #F Hyow oleigt Hite
wpabd ZA} 15A 7P Alstdch WAk ZAME
caerulein®AE¢ 3 A)71W o AR 23] &4l
v}k camostat-g S$oisted vt At whApAl
ZA1% caeruleind A Al Mok AR 4ol
# F ot

olabe] Aztz Bol M Age] ool WAIE
Aol ZABIE £7) HILE AR Fu)ge] Ay
ZAW 393} amylase ko] 7hashe ok WAl
Ag zApre FAY vids A9 HLA o AR
&Ate] 2AEE 4T Uk

[w_I
m|_|

I E

1) Little JB : Cellular effects of ionizing radiation.
N Eng J Med 278 . 308, 1968

2) Ellinger FP : Medical radiation biology. Charles C
Thomas, springfield III p945, 1957

3) Hollaender A : Rediation Biology McGrew-Hill
book CoNew york, 1954

4) Miller EB : Some effects of deep X—ray therapy on
the pancreas and on external pancreatic fistula in
man. Report of case. Grace Hosp Bull Detroit 28 .
29, 1950

5) Chrisholm TC, Seibel RE : Acute pancreatitis; An
experimental study with special reference to X-ray
therapy. Surg Gyn Obst 85 . 794, 1947

6) Morton JJ, Widger S : The diagnosis and treat-
ment of acute pancreatitis. Ann Surg 111851,
1940

7) Wachfeidl V, Vitez M | X—ray therapy for acute
pancreatitis. Am J Surg 116 : 853,1968

8) Merkel FK, Kelly WD, Goetz FC, Maney J : Ir-

9

10

11

12

13

14

15

16

17

18

19

20

— 726 —

)

)

)

)

~—

~—

)

~—

~—

)

)

S~

radiated heterotopic segmental canine pancreatic
allogarafis. Surgery 63 . 291, 1968

Rauch RF. Stenstrom KW : Effects of X-ray ir-
radiation on pancreatic function in
Gastroenterology 20 . 595, 1952

Volk BW, Welleman KF, Lewitan A :The effect
of irradiation on the fine strecture and enzymes of

dogs.

the dog pancreas.short term studies. Am J Pathol
48 1721, 1966

Pieroni PL, Rudick J, Adler M, et al. : Effect of
irradiation on canine exocrine pancreas. Ann Surg
184 . 610, 1976

Ahmadu-suka F, Gillette L, Withrow SJ, Husted
PW, Nelson AW, Whiteman CE : Exocrine pan-
creatic function following intraoperative trradia-
tion of the canmine pancreas. Cancer 62 1091,
1988

Welleman KF, Volk BW, Lewitan A : The effect
of radiation on the fine strecture and enzyme con-
tent of the dog pancreas. Lab Invest 15 1007,
1966

Du toit DF, Heydentrych JJ, Smit B, Zuurmond
T, et al. : The effect of ionizing radiation on the
primate pancreas’ An endocrine and morphologic
study. J Surg Oncol 4 . 43, 1987

Zook BC, Bradley EW, Rogers CC . Patholgic ef-
fects of fractionated neutrons on the pancreas, py-
lorus and duodenum of dogs. Int J Radiat Oncol
Biol Phys 9 . 1493, 1983

Adler G, Hupp T Kern HF : Course and sponta-
neous regression of acute pancreatitis in the ral.
Vichow's Arch A Pathol Anat Histol 382 32,
1979

Lample M, Kern HF . Acute interstitial pancreati-
tis in the rat induced by excessive doses of pancre-
alic secretogogue. Virchow's Arch A Pathol Anat
Histol 373 . 97,1977 '

Renner 1G, Wisner JR, Rinderknecht H, Kilburn
RH : Lung patholgy in hamsters with experime-
ntally induced acute pancreatitis. Clin Res 31

334, 1982

Renner IG, Wisner JR, Rinderknecht H : The
effects
caerulein induced acule pancreatilis in the tat. J
Chin Invest 72 . 1081, 1983

Saluja A, Saito I, Saluja M et al : In vivo rat pan-

protective of exogenous secretin on

creatic acinar cell function during supramaximal
stimulation with caerulein. Am J Physiol 249 :



21)

22

~—

23

~

24

~

25)

26)

27)

28)

29)

30)

31

— gty s A A26d A 435 1994

G702, 1985

Watanabe O,Baccino FM, Steer ML, Meldolest
J : Supramaximal caerulein  stimulation and
unirastructure of rat pancreatic acinar cell early
morphological changes during development of
experimantal pancreatitis. Am J Physiol 246 .
G457, 1984

Dabroski A, Siematkowska U, Chyczewsk: L :
Oxygen derived free radicals in caerulein induced
acute pancreatitis. Scand J Gastroenterol 23
1245, 1988

Schoenberg MH, Buechler M, Gaspar M et al :
Ozxygen free radicals in acute pancreatitis of the
rat. Gut 31 ;. 1138, 1990

Lowry OH, Rosebrough NJ, Farr AL, Randall
RL : Protein measurement with Folin phenol rea-
gent. J Biol Chem 193 . 265, 1951

Bernfeld P . Amylase a and b. In methods in Enzy-
mology. Vol.1, Academic press, pp 149, 1955

Lea DE : Action of radiations on Livig cells. New
York , Macmillian. 1947

Lacassagne A, Gricouroff G . Action of radiation
on tissues. An introduction to radiotherapy. Gune
and Stratton, Newyork and London, 1958
Hennequin C, Cosset JM, Cailleux PE, et al. :
Blood amylase, a biological marker in irradiation ac-
cidents? Bull Cancer( paris )76 . 617, 1989
Kmietowicz F, Tumidajski J : L'activation des
profermants par les rayonx. C R Soc Biol( paris )92
: 380, 1925

Orndoff BH, Farrell JI, Ivy AC : Studies on the
effect of roetgen rays on the glandular activilty vs.
the effect of roentgen rays on the external pancre-
atic secretion. Am J Roentgenol Radium Ther 16 .
349, 1926

Dreiling DA, Greenstein AJ, Bordalo O : The
hypersecrtory state of the pancreas.implications in
the pathophysiology of pancreatic inflammation and
the pathogenesis of paptic ulcer diathesis. Am J
Gatroenterol 59 . 505, 1973

32)

33)

34

~—

35

~

36

~—

37)

38)

39

~—

40

~—

41)

42)

43)

Pollard : The action of ionizing radiation on the
cellular synthesis of protein:The initial effects of
ionizing radiation on cells. Harris RJC(ed.)Aca-
demic press, London and New York.p75, 1961
3= 1 Dexamethasone F-o47} WA ZApol] ot &}
A Aol vixle el B3 YeAshy Q7. A9
& =F320 ; 299, 1987

ZA7A%  AYA ARGz A% AR 7)o =7
Hilel) 2 7. i)Y A 16 973, 1973
2 D A olEw] Alel. oighiRkErE ghA 18
329, 1975

Dockray GJ : The action of secretin, cholecys-
tokinin—pancreozymin and caerulein on pancreatic
secretin in the rat. J Physiol 225 : 679, 1972
Varga G, Dobronyi I, Papp M : Time—specific de-
velopment of pancreatic hypersecretory capacity
during caerulein treatment in rats. Scand J Gastro-
enterol 24 . 565, 1989

Otsuki M, Tam S, Okabayashi Y, et al. . Benefi-
cial effects of the synthetic trypsin inhibitor
camostat in caerulein induced acute pancreatitis in
rats. Dig Dis Sci 35 . 242, 1990

Adler G, Rohr G, Kern HF : Alteration of mem-
brane fusion as a cause of acute pancreatilis in,
the rat. Dig Dis Sic 27 . 993, 1982

Beswick IP, Pirola RC, Bouchier 1AD : The
cause of pancreatic enlargement in rats treated
with soybean diet. Scand J Gastroenterol 9 : 679,
1974

Goeke B, Printz H, Koop I . Fndogenous CCK re-
lease and pancreatic growth in rats after feeding a
proteinase inhibitor(camostat). Pancreas 1 509,
1986

Akl A7A", FA=, td, T4 D ATES Ho) A
|3 PF 9} ozt HEw| 7|5Y FIo) A A7 o
g8l 7eE 2] 22 1 939, 1990

Green GM, Lyman RL : Feedback regulation of
pancreatic enzyme secretion as a mechanism for
trypsin inhibitor induced hypersecretion in rats.
Proc Soc Exp Biol Med 1409 . 6, 1972

— 727 -



	1: 
	2: 
	3: 
	4: 


