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CAERULEIN INDUCED PANCREATITIS AND EXPRESSION OF RECEPTOR
FOR ADVANCED GLYCATION ENDPRODUCTS IN SPONTANEOUSLY
DIABETIC TORII RAT

Eri Sato"”, Ayame Tamura”, Yusuke Tando”,
Toshihiro Suda"”, Teruo Nakamura®, and Shoichi Yamagishi®

Abstract Patients with chronic pancreatitis are not only suffered from pancreatic exocrine but also endocrine
deficiency. Also, in diabetic patients with long duration, there are some patients with impaired armylase secretion
and pancreatic atrophy or fibrosis. Recently, advanced glycation endproducts (AGE) and receptor for AGE (RAGE)
are reported as one of causes of diabetic vascular complications such as neuropathy, retinopathy, nephropathy and
macroangiopathy. Relationship of diabetes with pancreatic exocrine deficiency and AGE-RAGE is unknown. So we
investigated whether there exist “diabetic pancreatopathy” and effects of RAGE on the diabetic pancreas using an
animal model. Spontaneously Diabetic Torii (SDT) rat reveals insulin deficiency and fibrosis of islets of Langerhans.
We induced recurrent acute pancreatitis in the SDT rat with repeated caerulein injection and investigated the
severity of diabetes and pancreatic fibrosis. Also we examined RAGE-mRNA expression before and after diabetes
onset and pancreatitis by RT-PCR. As results, the onset of diabetes and its severity as well as, pancreatic fibrosis
were not altered with or without pancreatitis. Expression of RAGE-mRNA was low in the pancreas, and was not
altered after the onset of diabetes and pancreatitis. In conclusion, different mechanisms for fibrosis may operate in the
islets of Langerhans and in pancreatic lobules.
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PRHEIL D AT L 72 FRAE W D BRI & TILI RS
b, WTWOREAEE SN, HILBRINREE 72
FTRL, A YR YW ORTIZ X B BRAERER
WEAHT Y. 72, REORVEERKEEEC
BwT?, WA SWEERZAMEL, TIT—¥H
WO T RREEM, R L2 ET 500D H 5
ZEFRBEINRTVEY, Z0X) BhBEEOH
WEFTNVEBIEMLINTE ST, T O5HFOH
TICKERL X2 LTV 5.

Cholecystokinin (CCK) ® analogue T& % t
VLA ¥ (caerulein) 27 v MIKEIIHESGTA
AVEFEMEANER SN LYY ST
WA, FORERGIE 1 EBRETREL, 8
HRERICBITL THRMLEET A2 L3 E S
hwcb\z)ig). .

SEbhvbiud, e L HITET Y s A
ESHRMEIL T 5 HARFIE 2 BIBEIRIBET VT v b,
Spontaneously Diabetic Torii (SDT) 5 v b+ 7%
DIEMEAIC caerulein # KIEHK G 3TAH5Z L1250
SRR R FEAE S, BEIRIRSEE & RIS BT A8
MEALIZEAL 2 320 B DB IOV TIIEEMHE, 1 >
AV VREB L O BRI OB E L& ARES
L7z FIRRC, HEREEE B HIME & IHED
RIEEEBTICEE 75 L SN KELED
(Advanced Glycation Endproducts ; AGE)"? 9=
BARDOEDTH D Receptor for AGE (RAGE)™

¥ 7213 AGE IR ER CTEIL T 5 0B 2o
THRRETL 7=
MHEH XOHE
RERBY
FTRTOEBRIZIIHB 12RMYI A 70, £
M22CCHBHLAFECHEETHE LS
SDT v b (HEAZ L7#) 2HW &b,
TIGAF v 7=V Tl r—UdhH) 2-3LT
fiH L7z, %38, AGE #I¥ RAGE ¥ D79 12
BEEDOSD T v POBERZH W
AREBIIBART R FE M EBIRSH N> TiTbh
7z,

b} &

EEREIW X caerulein %5 SDT J v b # (n=7)
Earv bu— VB (caerulein ¥ 5 SDT T v
b in=7) O2BITENESITHIT . caerulein
5B IZIZ B IR T caerulein (CAERULEIN:
SIGMA #) #k&EH 720 20 ug/kg & 1 KefH g
WZEF 4 ERERERES LY, & 1 EHOFEH»S 1,
SEFRIZICEEIR L b ERIN L CIE 7 2 5 —Eig
HEAELZ. ayru— VBB
IR % FBRICIEEPIES L2, 5 v MAER 10,
11, 12, 13 A& OMELAFH4 EED R LIT-
7z, F 72, 12 BEDBED caerulein ¥ 58, o~
b — L REOWEIC, RO RAE (OGTT)
2TV, IRTOTy MR FERETSHET
2 B D R LIEST L7z (Figl). OGTT i
18 K DR ZRIZITV, KEBH2) 2 g/kg DT
FogErzEH Yy FeHWTROKS L, 0, 60,
120 734 REIR & D $RiM L Tl s 4 >~ R Y
YEWNEL. &b, BERFIIFEAR 120 %0
MmAEfE 200 mg/dl A L& L7,

R B AR ORRET 1L, 12, 30 B#E D caerulein
B’5#, avbao—VBHEOT Y T &
B, 12 #H ki D caerulein & 5-8 7 v b OB,
caerulein & 5- 24 Kpi g b o & L1z, = — 7
VIR T CHRIMME S8, BB E R L, 10%H
PG AL <) S TEEL, B TS
57 4 aMEIT -7z #HYHE, Hematoxylin-
Eosin 3«f, Masson-Trichrome 44 % 17 - 7-.

OGTT
32 8 8B B

Caerulein or saline
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Fig.l1 Experimental protocol.
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7IT7—t, muEE 1> AJOAE

M7 I 7 —EEEIIa— FEHE (735
Y7 A b7 a— AERETERA M) THE
L7 MBEIEERERE (Fvah— F TMG
A=y — T =7 LAKASH) THZELA M
HWA VA VIBEIET Yy MEES ) Y EHW
7B FE PR (Ratlnsulin ELISA:Mercodia) 2
Xl L7,

RAGE o 338lix, SBMEHL72SDT v +t®
PR (10 ), FRESR (20 Hin) O
THETL, ¥/, a2 bro— B L caerulein 4%
HRHIBVWTRBUIHES I EZRET L7z, &
72, RAGE D) 77~ FTdh b AGE RIB TR &K
ML D RAGE BEHPEALT 50 HENITO2NTDH
May L7z, B, HEMZEAT TR BB
WE SN BHHERS Y A iR e L7

FEERTO RAGE-mMRNA %#I8

SDT 9 v b &FAEEIZSD v b &2 B S &
BEafEH L7 f5H LBy L, AGE K
A¥10 mg/ml DEEFW AT 45 550 (37 ) B3
L7:. AGE BRARKRKREZEFET WEE—%4E
OTHFEITED, 55 LTHENEY.

RT-PCR

QIAshredder, RNeasy Midi Kit (QIAGEN)
Ao THi B X K O TotalRNA % Hilf
L 72. RT-PCR X Onestep RT-PCR Kit
(QIAGEN) # i\, RAGED ¥ 5 4 < —
i 5"CAACCCAGACTCGAGGAGAG3:,
5-AGAAAGTGGCTCGAGGTTGA-3",
GAPDH » v 5 A4 =< — &5
-GGTGAAGGTCGGTGTGAACGGA-3', 5’
-TGTTAGTGGGGTCTCGCTCCTG-3" & L
72. TaKaRa Thermal CyclerMP (TaKaRa
BIOMEDICALS) #HW<T, 7=—1 v 7ii
67C, 30 % 1 7 V@ RT-PCR %47\, B ikE)
(2T mRNA OFEH R L72. mRNA %313,
CSAnalyzer (7 b —#A&t) #HWT, #he
L GAPDH & OFEMIMED I & o THRE L 72

BETFRRAT
ML P9l + BEMERRZE (SE) TRaLl, &

FER TR O 7R RO EEMEIZ I Student's
non-parametric t-test # H\x T, fEb 5 %
KimEIT 1 BRBGEEEEH D & LT

¥ S

mE7I7—EEH

10, 11, I3 HEICBWT, MiE7 I 5—LiF
PE1L caerulein # 5B #% X ) HF (p<001) Tk
HL, WD caerulein %52 5 3 K £ I21349
SRR T THRML 72 (Fig2).

HREZRIL

caerulein ¢ 58, 2 b — VEFETHREIT 24
HEFZ AFTHEML, ZhIREIIH 4 2B L7,
WA ORBERINE, BAORKICHFEEZIRDOONL
o7z (Figd).

FEFRRRRIE

oY ba—VEETIE 14 8E0 5, caerulein %
HEETIX 18 A SRR M ORI MR S N7z,
20 BETIIMRE & DI P BUL EASEIRE % B
L, 28 HEi CIZMAETXTD T v P 2BERIG L
o7 (Figd).
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Fig.2 Time-course of serum amylase activity in SDT
rats treated with four intraperitoneal injections
of 20 ug/kg body weight of caerulein. ( 4 ) 10
weeks, (O) 11 weeks, (A) 13 weeks. * Significant
difference (p<0.01l) between control (0 h) and
caerulein-treated rats.
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Fig.3 Body weight in SDT rats from 10 to 28 weeks of

age. (@) caerulein group, (O) control group.
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Fig4 Cumulative incidence of diabetes in SDT rat. A
dotted line; caerulein group, a solid line; control

group.
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Fig.5 Changes in blood glucose and insulin concentrations during oral glucose tolerance tests (2 g/kg body weight) in

SDT rats.

(@) caerulein group; (O) control group. Values are expressed as means = SE.

#BOEamaE (OGTT)

12 8 s, 18 i, 28 MM 12 B 1T % caerulein
B8, 22 M a— VEOMREE S EA >~ &)
VIRE R L 2. ZEEREIAEE L 12 Mk 18
W, 28 HEFIZ BT caerulein & G-HE L 2~ b
O—VHETHEELAIRDO LN o7z 18 AiGd
560 5%, 120 %0 MBEERSEE 2D, #
KBRS 2R L7245, 18 8%, 28 BRhD Vg

NTH caerulein 5L 2 Puo—LVEEIZBW
THEREIRDON o7 MIEAS > A Vil
XA A B T T S BRI S - 7225,
WITNOHEEITDH caerulein Fe L 2 b o—
VHIZBWTHEAERRO O N h -7z (Figh).

BN EL
12HE#EDI PO =Ty PlZBWT, F
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Fig.6 Histological changes in the pancreas of male SDT rat, (A) No abnormalities were observed in control rat (H&E, 12
weeks). (B) Interstitial edema and inflammatory cell infiltration can be observed at 24 h after the first caerulein
injection (H&E, 12 weeks), (CE) Hemorrhage, inflammatory cell infiltration, fibrosis and hemosiderin deposition
around the islets can be observed in control rat (H&E, Masson-Trichrome, 30 weeks) and (D.F) caerulein treated

rat (H&E, Masson-Trichrome. 30 weeks). x 200

VEMNYABOHBEIIREEZRO LN o7
(Fig6A). 12 B#EH D caerulein %5 24 B [H] 8 ©
S v bTIE BAETOEERLERLIEED R
W oo, EEOFEL &M ORE % L
»7- (Fig6B). 30AEEHDa >y ba—nLrJ v bT
X, Iy F ANy ABREB L ORLEOREEH
BRI &ML, ~NEYFY L OkEERBD:
(Fig6C, 6E). Z ®ZE1biL 30 HE5 D caerulein %
559 THEEET, Iy bu—7 v MIKL
TT YNy A BB OB DT HITHR
i@z d - 72 (FigéD, 6F).

RT-PCR IZH17% RAGE-mRNA DFIR
RAGE-mRNA IMicB W T EHRL T
7z (Fig7,8). BEIZHBJ 5 RAGE O &R ixEE <,
AGE MMM EZ OB TH RIOMHRIIAD S
3 (Fig7), BEIR D FEE [ %, caerulein B

RAGE

Lung Panc  AGE
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Relative to GAPDH

o
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Fig.7 Effect of AGE on RAGE expression determined
by RT-PCR. RAGE mRNA level was much higher
in lung and was low in pancreas of SD rat. Even
after incubating with AGE, RAGE mRNA level
was not altered and low in pancreas. Values are

expressed as means *=SE. Asterisks indicate
statistical differences (p<0.01).
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Fig.8 Effect of diabetes and caerulein-induced pancreatitis on RAGE expression determined by RT-PCR. RAGE mRNA
level was much higher in lung and was low in pancreas both of 10 and 20 weeks of ages in SDT rat. Values are
expressed as means = SE. Asterisks indicate statistical differences (p<0.01) to lung.

ROBEIZLS>TOELLHL TR o7
(Fig8).
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Spontaneously Diabetic Torii (SDT) J v biZ,
1997 SE 2. S 7z HARFSHE 2 BUBE IR £ 7V
Ty T, HEMETIEAR 20 HERE D S BERIE %
BIETHT v bTHBH7. SDT T v M3
BT, BIEOEFIEA v A VKBTI
A YA YWORBPIZHY, MEsE &b
A VAN VWA THLEINTWAS,

REAEEGE T 10 BERBELIOET V7
YABIIBY L EMME 2 S0, SAEMHT
DR L ML, 25 - BN DT TNV RE
WEBB & UHELBIZ BT AL OEITTENED T
V) ENRON, A0BBUBELS T VU
YABOEMUBALL BORD, HEMEIZXD
BfEFRERONLEINTWES,

WIETIE, 9MHEDO SDT 5 v b CT—@BMDE
IL-18 MAEASH ), ZFhiZ k- T 10 HE LRI
HB T AR ENG EREI S Tw L et

HHIELWMEISN TS (EIE, TEE
K, #E). T2, caerulein 2 X A AMKRFE
BRI FTEEOBEDDH D, 1M D caerulein
NG TRV RBIET S LMo
TWb. caerulein O KEHS O A THROMAMAL
EHELHFIE VDS, 4 HBIIIb 25 super
oxide dismutase (SOD) 1. % J — VO fEHIC
LY EOBMILZBE L 28 ENH L. £
D7z, FEbib g caerulein D5 % 10
kS S 13 HEEE T4 WM Dbz T, F
>, caerulein \2X > TSDT 7 v MIBITLED
MAE LAY K D HAEIRL, BB 5060
ZRET 700, MBS LT 30 HEh O
THr o7z, AL, 18 HEEZ A0 6 &Ik & 1k
BERY, A VAN YHWOKT%##D, ThET
DHE LR TDH > 72, caerulein K 5HD T v
FHEBORBERL, T bu—LEEEL
THELRAIREDON o . SRS,
30T Y b — VB, caerulein ¥ 5-#E O
BT YNy ZBWNERE A OMMEAL % 20D
2boo, WEEHEOMEZE L, BYEERICE
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B0 72 BB AR I O HEL I RED SN e h o 72,
caerulein ¥ 5- 24 R D 12 B D T v b DR
TIXHEORELZ ED, SUREEERRORE %
MR T E72H% caerulein 12 & 2 2L %E 4 [
BOBELUBESEZ30EMOT v FOBETH /N
EROBMELIZR S, BUREEOR™Y &
RO LN Do T,

AREEBTIE, 10HE2 5 13 BB TEH4
M @ caerulein ¥ 5-% 17> 7225, 13 @B 5
T3 —Eo AT 10 11 st
EEAETIIRVAEE 16%ET LT #ERA
RIELUR TP BB OD, ThITOHET 12
HDEH, FERKHITHED caerulein FIFI X5
A7 X7 —ERUWDIKT TH L HEMITRKE S L
72, BERBEROMM - WEARICERSI L #EK
FEALEEY AGE™, AGE OZ#{kTdH 5 RAGEY
A%, BRI AT A BHE T A MDY - TP
R ES B L OBIREE S 5L Twa S
IR FETIZHEIN TS, AGE, RAGE
A L72RERIR DB 5 B 5122 TIEAH
ThHhsb ShHOobILbhoOFEETIE, RAGED
BEIZB T 2 B35 <, TRIIHERB AT £ T
LEMANRED N D572, SDT 7 v FOEMH
& B £ O"RT-PCR D#ERH» 513, HERKFIZSH
TABOEEXS VXUV ABRLOBDTH
D, SNSWBRICIERIEYT, F7-FNIERAGE %
T HLDTIEnEEZ LN,

¥ B3

HRRHE 2 BIBEIR/ET VT v b, SDT T v
M2 caerulein 2 PETFHEMERER 2 4 S &, BER
REEREH, BEIRBORE ICHEED B D, 72,
BERMEALICEIL R D AN ) PMEF Lz, a3~ b
O—)J v b & caerulein BER T v + OBERFR
FECHE X2 <, mAEfE, 4 >R VREIZLH
LARMEIIRD SNLh oz FREMERZNR
AT, WMEEDT TN ABORMEILE E
L72boon, BEHEREODHEEL SNDNE
M BT HBHELIZRED L Z EDTE R D -7
RT-PCR 2 & W BEIZ BT 5 RAGE-mRNA O]
HER L 72A%, RBIGIEFICHH L, BIRBRAER
LEAD RO SN h o722 L), BRWESE
BT L EEEAD RAGE OB 5 3B EMW & &

th

o7,
B | 2

ARuFFEIZHB VT, SDT T v bOTEHERMS X
CAF, MEMEEEADIFRICZH AL TT E-
72 IR BRI AIHEE - e 5 O
RELE AR MR ERAICRE L
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