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Abstract

AIM: To investigate the effect of ischemic preconditioning
on ischemia reperfusion injury of the pancreas graft in rat,
and to analyze the possible mechanism.

METHODS: Six normal SD rats in the control group received
sham operation. Twenty-four SD rats with steptozozin-in-
duced diabetes were randomly assigned to 2 groups:
Group I/R consisted of 6 diabetic rats which received pan-
creas transplantation; Group IPC consisted of 18 diabetic
rats which received pancreas transplantation and were
exposed to 5 min ischemia and 5 min reperfusion once
(IPC4, n = 6), twice (IPC;, n = 6) or thrice (IPCs, n = 6)
before ablating donors. Blood glucose, serum NO and TNF-q,
MDA, SOD, MPO, TUNEL cells, and the expression of Bcl-
2 and Bax pretien (Western Blot) in graft were monitored.

RESULTS: The mean blood glucose levels in Group IPC;

(14.3£1.1 vs 12.1+0.9 mmol/L,P<0.05), Group IPC,(12.1+0.9
vs 16.5+1.4 mmol/L, P<0.01) and Group IPC;(14.7£1.3
vs 12.1+0.9 mmol/L,P<0.05) were lower than that in Group
I/R, and the glucose level in Group IPC, was lower than
those in IPC;(12.1+0.9 vs 14.3+1.1 mmol/L, P<0.05)and
IPC; (12.1+0.9 vs 14.7+1.3 mmol/L, P<0.05) 2 hours after
reperfusion. The mean NO (13.13+2.87 vs 8.91+1.23 pg/L,
P<0.05, 18.79+2.39 vs 8.91+1.23 pg/L, P<0.01, 14.36+1.78
vs 8.91+1.23 pg/L, P<0.05) and SOD (179.82+19.54 vs
153.47+17.67 mU/g, P<0.05, 213.64+22.97 vs 153.47+17.67
mU/g, P<0.01, 181.68+20.32 vs 153.47+17.67 mU/g,P<0.05)
levels in Group IPC,, IPC, and IPC; were higher than that
in Group I/R, and the levels in Group IPC, were higher
than those in Group IPC,and Group IPC; 2 hours after
reperfusion (18.79+2.39 vs 13.13+2.87 pg/L, 18.79+£2.39
vs 14.36+1.78 ug/L, 213.64+22.97 vs 179.82+19.54 mU/g,
213.64+22.97 vs 181.68+20.32 mU/g, P<0.05). The mean
levels of TNF-a (1.41+£0.17 vs 1.79+0.25 kU/L, P<0.05,
1.05+0.16 vs 1.79+0.25 kU/L,P<0.01, 1.43+0.20 vs
1.79+0.25 kU/L,P<0.05, MDA (0.70+0.26 vs 0.87+0.31
mmol/g, P<0.05, 0.46+0.18 vs 0.87+0.31 mmol/g,P<0.01,;
0.67+0.15 vs 0.87+0.31 mmol/g,P<0.05) and MPO (0.81+
0.23 vs 0.96+0.34 A/g, P<0.05, 0.51+0.16 vs 0.96+0.34
Alg,P<0.01, 0.78+0.22 vs 0.96+0.34 A/g,P<0.05) in Group
IPC,4, IPC, and IPC; were lower than those in Group I/R,
and those in Group IPC, were lower than in IPC,and IPC,
2 hours after reperfusion (1.05+0.16 vs 1.41+0.17 KU/L,
1.05+0.16 vs 1.43+0.20 kU/L, 0.46+0.18 vs 0.70+0.26
mmol/g, 0.46+0.18 vs 10.67+0.15 mmol/g, 0.51+0.16 vs
0.81+0.23 A/g, 0.51+0.16 vs 0.78+0.22 A/g,P<0.05). The
apoptotic indexes in IPC,(25.21+3.47 vs 35.65+4.78%,
P<0.01), IPC, (15.47+2.09 vs 35.65+4.78%,P<0.01) and
IPC; (24.89+3.56 vs 35.65+4.78%,P<0.01) were lower than
Group I/R, and that in Group IPC, was lower than IPC,
(15.47+2.09 vs 25.21+3.47%,P<0.01) and IPC; (15.47+
2.09 vs 24.89+3.56%,P<0.01) 2 hours after reperfusion.
The expression of the Bax protein in Group I/R was higher
than that in Group IPC, while that in Group IPC, was the
lowest. The expression of Bcl-2 protein in Group IPC was
higher than in Group I/R, and that in Group IPC, was the
highest. The expression of the Bax protein in Group IPC was
lower than Group I/R, and that in Group IPC, was the lowest.

CONCLUSION: Ischemic preconditioning can protect pan-
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creas graft from I/R injury. The possible mechanism may
be related to the increased production of serum NO and
tissue SOD, reduced conglutination and aggregation of
PMNs in pancreas and diminished synthesis TNF-a. Is-
chemic preconditioning can reduce apopotosis of the graft,
which may be resulted from alleviated conglutination and
aggregation of PMNs, increased oxygen radical, increased
Bcl-2 protein and reduced P53 protein expression. Five
min ischemia and five min reperfusion twice is the best
way to induce ischemic preconditioning in rat pancreas
transplantation.

Key Words: Pancreas transplantation; Ischemic
preconditioning; Ischemia/reperfusion; apoptosis; Rats
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HH: 3555 fr 7 40 22 34 K B AS AR IR B dn B0 JE BS99
T IR AR R A5 an R o6l A b

ik EF KRR 6 R AT BL BRI SD K R 24 R
oA bk B VELR(I/R 2H,n = 6)An Bk fn TR 4L 22 20 (IPC
28.n = 18),IPC 4L XARHE R ] 7 ok 4 4 3AN AL IPC, 42
(Brfr 5 min FH#E5 min 1R, n=6). [PC, 20 (4
5 min F-#7% 5 min 2 K,n = 6)F= IPCs ZH.(£ 2.5 min F-
H#E7E5 min 3 K,n = 6),I/R A4= [PC 203947 £ sE MR IR A5
A,24 R SD KR AR A &L B IERT . UG A
B2 )5 2 h ih P TNF-O e NO #4945 . Mk
22 9 SOD,MPO #= MDA 4-%; ] TUNEL & WL A5 Mk
2H 27,20 LR T DL, Western Blot 3 ¥ #5 44 1% 28 27 Bax
Fo Bel-2 & & K&

ZEE: BB IE)E IPC (14.3%1.1 vs 12.1%0.9 mmol/L,
P<0.05)28., IPC,(12.1£0.9 vs 16.5%1.4 mmol/L,P<0.01)
#2 IPC; 28.(14.7%1.3 vs 12.1£0.9 mmol/L, P<0.05)48%+ T
I/R 2833 K IPC, 2848 IPC, 2B.(12.1%0.9 vs 14.3%1.1
mmol/L, P<0.05)%= IPCs 28(12.120.9 vs 14.7%1.3 mmol/L,
P<0.05) sk A 125 IPCi(1.4120.17 vs 1.79%0.25
kU/L,P<0.05)48. IPC2(1.05%0.16 vs 1.79%0.25kU/L,
P<0.01)#= IPC; 2H.(1.43%0.20 vs 1.79%0.25 kU/L, P<0.05)
R I/RA A P TNF-0 4 FAKIPC, 4L IPC, 21(1.05%
0.16 vs 1.41%£0.17 kU/L,P<0.05)#= IPC; 28(1.05%0.16 vs
1.43%0.20kU/L,P<0.05) TNF-0 &% /&. 5 # £ 5 IPC,
(13.13%2.87 vs 8.91%1.23 Hg/L,P<0.05)48. IPC,(18.79%
2.39 vs 8.91%1.23 Hg/L,P<0.01)F= IPC; 2A.(14.36%1.78 vs
8.91%1.23 Hg/L,P<0.05)& I/R Ak P NO A& &,
IPC, 2845 IPC, £H.(18.79%2.39 vs 13.13%1.87 Hg/L, P<0.05)
#2 IPC5 £0.(18.79%2.39 vs 14.36%1.78 Hg/L, P<0.05)NO 4~
5. ARG IPC(179.82£19.54 vs 153.47£17.67 mU/g,

P<0.05)28. IPC,(213.64%22.97 vs 153.47%17.67 mU/g,
P<0.01)4e IPC; £0.(181.68+20.32 vs 153.47%17.67 mU/g,
P<0.05)8 I/R A5 IR 2022 9 SOD &1 3 1PC, 4048
IPC, £8(213.64%22.97 vs 179.82%19.54 mU/g, P<0.05)#=
IPC32H.(213.64%22.97 vs 181.68+20.32 mU/¢g, P<0.05)SOD
EWE ARG TPC(0.7020.26 vs 0.8720.31 mmol/g,
P<0.05)28. IPC,(0.46+0.18 vs 0.87%0.31 mmol/g, <0.01)
#a IPC, 20.(0.67%0.15 vs 0.87+0.31 mmol/g, P<0.05)% I/R 4.
FEARNR LA LR F MDA 431K IPC, 2848 IPC, £8(0.46£0.18 vs
0.70%0.26 mmol/g, P<0.05)#= [PC; 28.(0.4620.18 vs 10.67%
0.15 mmol/g, P<0.05)MDA 4 &% A # 25 IPC,(0.81%
0.23 vs 0.9620.34 A/g,P<0.05)28. IPC2(0.51%0.16 vs
0.96+0.34 A/g, P<0.01)#= [PC, £8.(0.78+0.22 vs0.96+0.34 A/g,
P<0.05)4% I/R 28454 1% 40 428 F MPO &AL IPC, 45
IPC; 2B(0.5120.16 vs 0.81£0.23 A/g, P<0.05)4= [PC; 48
(0.51£0.16 vs 0.78%0.22 A/g, P<0.05)MPO &AL F-#
7E)5 IPC1(25.21£3.47 vs 35.65%4.78%, P<0.01)28.. IPC,
(15.4722.09 vs 35.65%4.78%, P<0.01)F= IPC; £8.(24.89%3.56
vs 35.65%3.78%, P<0.01) 4 I/R £BA5 A% 20 22 AT{AAK,;
IPC, 2042 [PC, £0.(15.47%2.09 vs 25.21%3.47%, P<0.05)#=
IPC3£8.(15.47%2.09 vs 24.89%3.56%, P<0.05)AL{EAK. B i
J& /R 4R 40 4% Bax & & 2 &K Bl -2 & G E L TPC
RAR ARG AIR L Bax B Ok E K Bd-2K 4 5
F3K 1 IPC, 41 Bl—2 & & £ 38 5% &) Bax & @ KA RAK

ZEIP: B S FRAL 22 3F K R AS ARG B dn AR IR B A
FERIPAE R TR T 33 SOD #hiE P, 3 N R
NO #9465 T8 TNEF-O F= 42 PMNs £ 5 RE A
X Bt FRAL R ST VAR, Y A AR W Bk o - 2 )G 49 IR
TR TRBEPMNs SE S RE. VA AHA, b
A Bcl-2F% G F il Bax B G H A &5 min FH#x
5 min 2 K& A4 K RAS AN S i AL 2355 0k

e JERAAE; P TALTE,; P B AT KR

Wi mg, EEEE, EARW, B, B30, FREF). TRINFEMEN A BB
RINBETRLIRPIFRRESBRBTHERIE . BRENBIARE
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FEARE AR R, B F#EYE (Ischemic reperfusion,
I/R) it B 2 HROME, AARB A SR 44
AN, TEEN ] S U A R M. R T AL 3
(Ischemic preconditioning, IPC) AJ{#LCoILTERE 5 1k
MR FRS, B IPC B R HAMRY YR . IR A& P& 41
R EG 2 B L) TPC 16 v] LA D e T, xRS
TELHE™ . AR A0 Y sede sp A ) TESE, (H7E
JER RS A 7 T AT AR 2D, AT K B I IR A% A A
AL, BT TPC AR B A% A Ftedfe L P v 7 % 1 R B DR
EA, LA ST A CE B A .
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1 HRIFSE

1.1 4 SDHEPERR 70 H(250-320 g), ArvfEscie
FAFE, W ZE R KF s oo s 4t Mop i
W 2 EBRAE 2 ) @SB AR (superoxide
dismutase, SOD) ., —&E A& (nitric oxic, NO). A
¥ (malondialdehyde, MDA) T2 i 78 T A R 771 £
VR R AR AR ST MR SRR R (tumur
necrosis factor, TNF) -a i & B b2 A& WG
FARASY P Baxs Bel-2 flactin 22 5 BEFLAEK.
Western bloting luninol reagent iy HfE[E Santa
Cruz &) ;Tri"LS Reagent i H 2 [E GibcoBRL 2> 5.
1.2 Fk IEHE KR 6 o, K46 A=
HRRKE ST STZ (65 mg/kg) fi, 30 A EMAERFEE 2 wk
B 17,4 mmol /L A WERE K AT B Dy, Ko IRIR
K BENL A FEEVE 20 (1/R 40, n = 6) BRI T
A (TPC A, n = 18), IPC A NARIE AR 7%
g3 M 3N - TPC,. IPC, F1 IPCy 2H. X FRAAUAT IR
AR RPH K PTA BB AARYE STk (6], T/RA T3k
IR AT A4 C 220K 69 (150 KU/L) #9620 min;
TPCy £ T 3R E AL e miy BELET A 0B 5 min FR9#EYE 5 min
LK IPC, TRRA AL R AT BTN 5 min FRAEF 5 min
2K TPCy TAREUAIL R AT BEWT AL 5 min FREES min
3, LLACHZRICPE SR (150 kU/L) 5% 10 min,
HLRY BN 4CHEZ VT R (150 kU/LD) {47, %
A HIA B ] 2 180 min, FABRILIE]IS 15 min.
ARNEEEEAEEK 24 h, H inZ FEFH 100 ng/kg. F
ZJIA 100 mg/kg ip BRIF. RS in ZF H 8% 200 mg/kg,
24 hJFIERRE. FA KR THBMEAT 2 d&RE KN
M, FREEF 2 h 4T ISRk, A g e s
MR BB MAEES .0 (4°C, 4 000 r/min, 10 min),
EE T -T0CURFELRAT, FIAR Y B 7 &l %8 TNF-
o (ithik, BAAREEDES A & No CRA
g Rk JRiE, BAAEE P BSRUH)  FARNRT
JEF PR 2 h ERUBRA N, SR FT -70°CUKFEH
AH PR A SE MPO (#4220 B8 LS5 ) 70 SOD %14 CR A
B  E AL BEEI G, B AP B S ULE) &
MDA & & CRA B /\KRE R, HAREMEDES ]k
HP) 3 1 mm X 1 mm X 0.5 mm KN
B, 25 g/L R B AAT FBRASAT  S A LURAT
T 40 g/L i HEF R AT HE F0 TUNEL 346, JuBiks
5 ER AR BN -T0CORF AT T A B A il 2
1.2.1 MR 2R 4 MPO &Pl 7 BUBRIRA 218k (0.1 @)
TEVKA I SRR R sE, BrEMmm, AR+, MR
B, AN T E A ) 2 nL S5
J& (pH7. 4, 0.01 mol/L p###, 0.01 mol/L Tris-
HC1, 0.001 mol/L EDTA2Na VW) B AL T, H

AR INBY P BY e 20 2R 44 B () 20 2B NS
BT AR, MITEEBAEE T TSI B
+/(6-8 min), AW, FALEEKN, K
A1 LL 3 000-4 000 r/min & 15 min, B L7
0.1 mL 0. 167 g/L ABBTE# i — Ehigib 4 LA %
0.5 nL/L i EfhEIREGE 2. 9 ul; fHIE LMy
TH7E 460 nm AbEFRE 15 s HLEIC A{H 1 min, MPOYE
YR58 SO 27°C P8 4g v IR IR A0 2L A N R] (min) P A
ERARLL, BRI 80 A/ g Tk MPO FR & .

1.2.2 MM m e A 4wl KA TUNEL 340, &4
A D) A B — K R e N K, P R A L A ) 4
U204 30 mL/L Ha0p A3, ZETE/KIES; ML Tris
SRR K (TBS) 1 1 100 FéfMmBEMEOM K, 37°C
10 min, ZETRZKHE; & TdT A DIG-dUTP BFIbRid g2t
W 20 pL, 37°C, 2 h, TBS¥ei&k; iAW 50 L,
iR 30 min, FEFHILAEAWE 1 D 100 FRE Anti-
DIG-biotin 50 L, 37°C, 30 min, TBS ¥&;MLL
TBS1 : 100 MR HIHERG R &5 - AR - L E M YEE
HE5W (SABC), 37°C, 30 min, TBS¥E:4REH 3,
3- ZEIEBCR IR ERTR £ (DAB) W1 20 min, ZETRIKIE:
HARREG, TBSBE; K, &, B B EEM
BETUES, A0RAK A RR T CRUR S A T . ARk
DI B8R (20 X 10 %) WL 10 X 500 N4, w71
PR, RIVHT F54 (apoptosis index, AI).
1.2.3 ABAEMRLL L Western 22 X HL 100 mg JEARA LN,
5 Trizol"regent 0.75 mL fE5)3¢asda, 510
JAAE 15-30°CIHIE R E 5 min ;K5 P8 NHTK)
Eppendrof &, MMAZAG 0.2 ml, RIZIIRIE 15 s,
15-30°CIIE FHE 10 min, 4°CF 12 000 g &0
15 min, WS A3)ZE, WTFEANAME, BAFN
eppendrof B, FFIIA 1.5 nL FARE, RBEUEZE
HIRCE 10 min, 4 ‘CTF 12 000 g8 15 min; 372 b
W, WA 950 wl/L Z8F 2 mL ¥R 0. 3 mol/L #hi
WK, ZIEHCE 20 win, 4 ‘CF 7 500 gB0»5 ninJ§
7 biE, EEBE3 IR, REMATLKLEE2 ul, Vor-
tex B4, ZIEHE 20 nin, 4 CF7 500 g&0»
5 min J5 3 BiE BATUEHE ST, K5 T SDS
W30 oL, EEAESTIMAZL X loading buffer
30 pL, 2120 g/LSDS HABLA Bk, Bk L
M A 100 VEFR 3 h REBReT4EmE L, 50 g/L
NG ks R B 2 h RO R 121 000 #
BRI R —P0, Western R4 CIEF LA 1:2 000
M FE R HRP ARG £ 9T % —H/EM 2 h, DA luninol
TR, FELLX- e Fr 44 HRP#E 4 Lunino 1 3050 B = A4
IR .

1.2.4 ¥H 25 g/L S W [ e R 2R, A
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PBS ¥t 10 min 3%, HER/EFEE 1 h, FHIXPBS
PE10 min 3k, WEIBSENIAK, B2 10 min, ¥
RSN IRIE A 4 h, B2 S S a 18
R4 h, MEW AR QE g, B (&
500-700 nm), HVAINEREGES BEUE. B

A TR AR TR LLSEL £ bt 22 (mean®SD)
T, A8 Bk 2= R 7 25007, KO, 058G Geil

2 BR
T/RZH(19.6£1.8 vs 16.5x1.4 mmol/L, F<0.05),

IPC, 41 (20. 242. 2 vs 14.3+1.1 mmol/L, /X0.01).
IPC, 40 (19. 4+1.6 wvs 12.1+0.9 mmol/L, FX0.01)
M IPC; £H (20. 142. 0 vs 14. 7+1. 3 mmol/L, /X0.01)
B R T MOBE R R B, FRREYE S IPC, 41 (14. 3#1. 1
vs 12.1+0.9 mmol/L, /X0.05)H IPC,4H (14. 7+1.3
vs 12.120.9 mmol/L, /X0. 05) % I /R 4 L% ; IPC,
ZHEE T/R2H (12. 120. 9 vs 16.51. 4 mmol/L, 0. 01) .
IPC, 40 (12.140.9 vs 14.3+1.1 mmol/L, FX0.05)
I IPCs £H (12. 14#0.9 vs 14. 7+1. 3 mmol/L, /X0.05)
MR, TPCy 20T TPC, 20 1 B AR 10 76 BH 12 22 5. X IR
BRI RS IR, TR R i . TPC, 41 AR 41
2oy (Al il S (2 R N 1D O P AP == X Y
MR, T/R AN R BRIG 58, TR Bk 78
i, K& PR A BRI , N S5 8 2 R, TPC,
N IPCs AMRAR S Z AR, HRGERENT
I/RHM IPC, A ] 7EiE R AEE T I/RH. IPC, 4.
IPCy A TPCy 0] WA Ml 4 ; Bt ik B, X
fift, LA MR N R “PRTTMERT TR

2.1 fu TNF-a fe NO #94% I/R4. IPC, 4.
IPC, 2H A1 TPCy ZH 0T FRVZH FBEVE S5 2 h IfiL i o TNF-a
TR, NOFE N BEE)S IPC A, IPC. A
A TPCs 41 % T/R 4L My TNF-a & & & N0 21K
TPC, 40 PR S My o TNF-a 22K T, NO S B &
T IPC, 41 H0 TPCy4H ; IPC, 41 H0 TPCy 2H TNF-a MINO 2
BETLMTLHEZER(ELD.

2.2 JEMR 2045 SOD. MPO &4 MDA 4% I/R4.
IPC, 4. TPC, H1FN TPC, LHE X B FHEVE)S 2 h i
R 2 SOD ¥EVEMR, MDA Y& PR MPO & & = PR vE
Jii IPC1 2 TPCo AN TPCs % T/R A MR 4 21+ SOD v
PEm . MPO 5 FT MDA & E A% ; TPC, 21 FHEEVE J5 iR
HZF SOD VKT MDA WG PRI MPO & &5 T I/R
ZH . TPCy 20N TPCs 41 ; TPCy ZH AN TPC, 2H SOD & 1 . MPO
WEPEFIMDA H R EHEZR (R D).

2.3 AL ATHER I/R4. IPCLA. IPC. 4l
A TPCs HAHXS T X R AH PRy 5 2 hEAR A hAT(E
FE. IPCy PR G AR 2 AT (HAHX T I/R
ZH . TPC; 440 TPCy ZH{H ; IPC, 40 A0 TPC, 20 F-3E9T )5 i
HRAA LA AT {E AR T/REA & TPCL AR TPC, L AT{H
THEZER(E 1.

AR

P<0.01 stz . I/R 41, IPCy 4151 IPCs 41,

x4l /R 41 IPC1 4 IPC2 41 IPC3 4

B SEEEIOBERERAE.

2.4 Western blot 25 £ U AMLEAZ1100 ngiii
5, 24120 g/LSDS NMMALE Ik, )5 R
¥ RAHREATYENR L, 73 0 At B Bel-2 F Bax £ 41
4T Western blot (Llactin A IIE). 4551 Eow,
I/RHAFFREF S A EA 2 Po3 R I RIE, Bel-2H
R IL; IPC A VR S B M A 24 Bax BRI fIREE
&, Bel-2 B MARIE ;M TPC, 41 Bel-2 B ARIE K
=, Bax HEHREHM(E 2, 3).

3 e
EHARNEFREE S KERE B 3, RARHE
0 A 3 ok A AN AR, (R TR AR

F®1 BEEGMETNF-a, NO, BiEEMPO, SOD ] MDA E&(meanzSD)

A TNF-0(kU/L) NO(Hg/L) MPO(A/q) SOD(MU/g) MDA{mmol/g)
WA 0.62%0.12 21.45%3.43 0.31%0.12 241.43%23.45 0.37%0.14
I/R4H 1.79%0.25° 8.91%1.23" 0.96+0.34° 153.47+17.67° 0.87%0.31°
IPCi 2 1.41%0.17¢ 13.132.87¢ 0.81#0.23" 179.82%19.54¢ 0.70+0.26"
IPC, 8 1.05%0.16™ 18.79+2 397 0.5120.16" 213.64%22.97* 0.46%0.18
IPCs 2 1.43%0.20° 14.36%1.78¢ 0.78+0.22° 181.68+20.32¢ 0.67+0.15"

*P<0.05 vs WIBAH, "P<0.01 vs IWHIBAH, ‘P<0.01 vs WHBZAH, °P<0.05 vs I/R4H, 'P<0.01, vs I/R4H. IPC, BRI IPC; 4.
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ku
43.0

Bcl-2
30.0
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