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Protective effect of aminoguanidine on transplanted pancreas in rats
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Abstract : Objective To investigate the effect of inducible nitric oxide synthase inhibitor aminoguanidine on
transplanted pancreas in rats. Methods  The models of pancreas transplantation were established in 30 rats.
The streptozotocin induced diabetic male Wistar rats were randomly assigned to 3 groups: (1) Blank control
group(n =6) , the rats underwent shamsurgery; (2) transplant control group (n =6), the rats received
pancreas transplantation only ; (3) aminoguanidine group ( AG group) (n =18) , aminoguanidine ( a dose of
60, 80, or 100 mg/kg weight) was added to the intravascular infusion before reperfusion of the transplanted
pancreas. At 4h after reperfusions, serum nitric oxide ( NO ) level, blood sugar, and amylase activity were
detected. ¢NOS and iNOS activity of pancreas were detected Pancreas sections were evaluated by light
microscopic examination with HE staining and immunohistochemistry staining. Results  As compared with
transplant control group , the serum NO level and amylase activity decreased significantly, and pancreas injury
was much less in AG groups, especial in AG-80 mg/kg sub-group showed the most significant difference
(P<0.01). The expression and activity of tissue iNOS activity , and blood sugar in AG-80 mg/kg sub-group
were much lower than those in transplant control group ( P < 0. 01 ). Conclusions  Selective iNOS
inhibitor-aminoguanidine has protective effect on the transplanted pancreas in rats. The possible mechanisms

may be inhibition of overproduction of NO, and reduction the cytotoxicity as free radicals of NO.

[ Chinese Journal of General Surgery,2008,17(3) :237 —241]

ESTE T4 TR BT H (00225001) .

s HHEA:2007 -05 -23; {&iT HH7:2007 -12 - 04,

TEB I IT  Zopie 3, P BB R A MR 58 — PR B J2yA BRI, 52 I 0o B R M v et/ PR 4 005 2 2 L
AR SR M X R 5 1 A RIF SR

BITEE Xk E-mail; yliu@ mail. cmu. edu. cn



238 b RS R E

CAVE

Key words ;
CLC number: R 322.57; R 617

o AL I TR B 98 J2 52 Wi i IVt s A R0CR 1 7 B O
JAE BRI E (I/R) SR EEF R Z
SRR A R R R /R B 0 A R
JER . — A=A R (NO) & —FRLITT], e B A 5
LA A PEAE A A i 2 [ Ak i B TR O
ATk B, T R B IR RS R OR JE BT 36 A B
WeAE T Pk, anfag A NO ) O 4 45 5% i
Fomml F A H B S ARSI AR L R BUBR IR
R MR Y S Aty b, SR T RIR A P — AR S
fit (NOS) 25 M 20 1) 2 35 1 00, L I i & B — %
TR A Wi (INOS ) 4 il 7510 28 5 WX XF A% A fg it 119
P YEH .

1 HRSFH®

1.1 KBHWRSAE

HEE Wistar KB (Fp [ B2 R K 22 52 56 3 ) o
), MRTE 250 ~300 g, SCHR AT 2 JH A R OR R — R
P22 B 25 95 3 Bk T A BE IR B R SSmg/kg, 2 A
HESE 3 W MR > 17. 4 mmol/ L, Sy i I i i IR
TR BB (0 =30) o 24 H [ Ff KRR 9 11 4
SRR BREEHL 3 A (1) EAX A (n=6),
SR B &I, A AT R fE; (2) B8 A X A
(n=6), RAT % K F A, B K BRI G i A 54
I mLAE R K 5 (3) BN (AG) AL B4 (n=18) ,
o AL 1B R 1 A2 it A3 T 8 B 25 i K TR A ER IR A
I 8, 5750930 60,80, 100 mg/kg.
1.2 FRAERBRERE

AR Lee 267 19 Jy 36 AT W) R K B 4+ — 4%
Wt . ARATAS B AN EEK 24 ho AT R 3R BB AT
FI 4 CHF R A 3 4R 7K 3 mL JEVE B HE AR 1 16 3h
ik A i A L g ik 1R S S ik B S A2 M 3 Sl ik
s W), BEOR T K 55 A2 KT bk o U )
i B Sb W8 2 I G 51U o M L R 14 SF 2 Kk
I ] 10 min, ¥ Gt ML B (8] 20 min, FRETE 4 h 5 AL
SES Y, 3t T TR IBCIR R o K R R AR A o O R
g, — BT 40 g/ L {1 0 IR £k 22 vl ( PBS) i
i B O P, o — P o TR IR vk AR
=70 CLRAF o HEHOBR R o 138 22 b K ORI
3 mL, fir R AR Y I WA 28 BT BE, 2 000 1/ min B .0
10 min , JLIAL 3 - 20 C A .
1.3 WwilEmREFTE

1.3.1 i NO KP4l AR IE R

Pancreas Transplantation ; Ischemia- Reperfusion ; Inducible Nitric Oxide Synthase ; Aminoguanidine

Document code : A

SN T R AR 3E 5 A R AR B TR R
T FG e B R AR, DL AR NO K F

1.3.2 e dnl  ff 58 A i 0430 2 I .
1.3.3 hFahHhiEhmzg ([HHM - Tk

Bk (MR I RE) o IR E L2 LL 100 mL
M3 37 CF 30 min /Kf#JEH 10 mg Ky 1 95K
HA
1.3.4  peigns NOS W&l 2 ffi il NOS I &
WA & (W A e E Y TR 5 ) 43 i
FE IR 2 2L rh eNOS FliNOS {5 1 . NOS fiEfk L-#§
Ry FUE L NO, NO 5oR &MY i A A
iAW . 480 NOS il 15 J1 s f 8 X LA 22 50
20 SUAE 43 Bl B 1 nmol NO SRy 1 AN IE 7 847
1.3.5 fapagnizdn i SABC K7 &
(W E R Ay TRARAR ), LS4
P INOS LR XF A1 W5 U1 v g (5, WL %8 iNOS 7 Jik Ji
22U 3 35 1 B A o
1.3.6 mEFIE AR ME L TR IR 42
WA Y R e B TR SR
1.4 SHitZEaH

B DL x s 3RoR, ff F SPSS10. 0 3K 4 & 48 Xf
T ZE AT G 2 AT, N A AL 2 S E AT
Z0 . P<0.05 HF G #E X,

2 7 R

2.1 & NO Kk F

75 [N BT I 3 o NO ZK P30 AIG B8 i X B 4
B R R AR TR VE 10 4h 5, I NO KB B T a8
FIXE B, 22 5 i & (P < 0. 01) ; Ml # ok 7 4 &
FENCIG , B AR BR PR 4 b, I3 NO 7K F W &
RTFBEANBA, 258 (P<0.01),Hf AG
o 80 mg/ kg I &R B 2 5 T 60 mg/kg 4,
M #4539 % 100 mg/ kg B 1l NO 7K % 5 80mg/ kg
HLH, 2R TR EME (P >0.05);H AG
80 mg/kg 41 1ML NO K-V 5 T =5 X B4, 2 5 A
BEME(P<0.05)(£1),
2.2 IniEiEHEEE

& A T BRIV UE B S MR W W T A B
BRZH (P < 0. 01 ) 5 1 fiff T 22 5 AL B85, 1 3E 4
it 1 % AK, Hop 2LAG 80 mg/kg 4 s R W
(P<0.01) ; AG 7 & 4k 2 3% i J5 , 1 3E & B 05 1
WHE—LTRE(ERL),



%31

FAUE, BRI K B AR A O 3 A R B SR 30 B R 239

R FRAEPR AN 4h LT NO K Ly by B 1

vl n NO( pumol/L) FERAR(U/dD)
Z5 X IR 6 30.0+3.5 342 +73
TR R 6 192.3 £60.0" 4477 £630"
FIEAL B 20
60 mg/kg 6 137.3 +21.1% 2848 +354%)
80 mg/kg 6 67.9 £19.5% 1494 +263%
100 mg/kg 6 66.0 +16.6% Y 1426 = 17723

1) 525 F AL H B, P < 0.0152) 585 H0F IR AL He A,
P <0.01;3) 5 AG 80 mg/kg 41 %, P >0.05

2.3 Mm#EKFE

25 LW PR R SR B8 AR R T I B K P T ] I 22
5 (P >0.05) ; 8% il Je ok &2 1f fit ofi 4h )5, 45 41
MW B X A B B FRE (P <0.01), Hh AG
80 mg/ kg L F 4 J5 Il KH K F 7% A X B4 & AG
60 mg/ kg ZH AR, HACRE H (P <0.01) ;1 AG
100 mg/kg 5 AG 80 mg/kg WHR T B £ &
(P>0.05)(#£2),

K2 THHIBRIRARIEN: 4 h S RS L (mmol /L)

e n A B
25 EXF IR 6 19.6+1.4 -
FoAtin B2 6 20.1£2.0 16.9 2.0V
FAENRAL B 2H
60 mg/kg 6 19.9+1.5 16.8+1.1"
80 mg/kg 6 19.8 1.7 14.2 0.9 V-2
100 mg/kg 6 20.5+1.6 15.1 1.8

W) 5A gX A R, P <0.01;2) 5 A X A L,
P <0.01;3) 5 AG 60 mg/kg 41114, P <0.05; 4) 5 AG 80 mg/kg £
%, P >0.05

2.4 [EPRZALA R NOS & HhiE R F)iE

&R 0T B AL INOS 3% PR B 3 T A [ A
(P<0.01) ;1% T 80 mg/kg & N5 , iNOS %
PER A A A AW W AR (P <0.01), H AG
80 mg/kg 41 5 725 [ & BRO41 AH H JE W B 2 5
(P>0.05) . i % 2 K B i 2 2L rh eNOS 14 35
TR EFR(P>0.05)(%K3),
F3 BAHPIEERED 4 h 5 R4 NOS & 572 G 1

(U/mL)
IyeH n ¢NOS iNOS
S popiE| 6 5.35+1.01 1.87 0. 19
XS HR2H 6 5.91£0.71 26.59 +5.78"
AG-80 mg/kg 4 6 5.64 £0.97 2.01 £0.23%9

WD) 55 A A, P <0.01;2) 5% X R4 K,
P<0.01;3) 525 (g XHBYL e, P >0.05

2.5 [FRARZA LA iNOS iy FK ik

B HE X B 0 g 2H Ak U0 Rovp Rl DL INOS si [
PEYe @ INOS [ Ye {6 3= B2 4 A7 F Il 45 P B L7 T
JUL R 55 4 PAT A M BT P 5 T AR A N R H A
FE AL B 20, Jge g 20 23 v oK WL iNOS [P e 5,
2.6 FRIRRENE

B A 0T BECAH 1 B R A1 26 B T nT L B A i A
Pk, I B K B, 9 A 3 2 v R R 4 iR
i S S N | RN £ e T I 2 1 o B
U, 5 B RD [ H O 2R BE T R g% 2% B T 2 2k I Ak
P A 1 B A 2, AT DR R B AR E R A5, ok LW
PRI, S A DR R g MR (B D) .

S s
188825

B 1 JRARA LRI AR
100) ; D: Z& M4 AG - 80mg/kg (HE x200)

33 i

IR S A e 19 ke i 9 057 T AL
I B 2 D B L IO L 2 g
A IR 1 E P SO IR R R A S
L 4 Wt R S SR A T I S A IR
fl e PRS2 B, BOBE MR e 0 KL —

ABSHA IS (HE x 100) ; B: BRI IAZL (HE x200) 3 C: HIENLAL AG — 80mg/ke ( HE x

TR - L X

LR (NO) 7EJE IR B Ml P i fE AR % B 2%, B 1
A A 9 T B AR Rl 5 A R B R 4 R R R
Fhs—i Wb WM . AT,
INOS H] 76 Py B 2 Mtk B B 7 1 o) 80 T R il 3% 5k
7R W ) NO™ | Takacs 25 45, A YR P 4R
ik NOS [y JEE 9 , 38 NO B A& 1, vl ifs & K BRU& 4=
LMk MR 42 5 T 45 7 NOS il Il L-NAME J5 , K



240 o [ 8 A R &

CAVE

BRI JE B KO S R R R K R . B
F U, A0 A S0P R R RS B AR rp R IR SO
I A0 RS B B R Il SR BT R R R Ak 1Y
ML B, 5 B 2H 4L INOS |y 2 35 i If H
NO fy 7K 1E A 56, 3% WY 76 1 IR 42 1 % JR 2o 72
iINOS Fll NO & % 45 % i /E HI° 7", 9% A 2% ik
/NS A R A B B A A 8 i R A PR
TR . AR, YA S A R R
Bl Wy AR B A 5 Rk B, BRI 41 21 NF-xB I
iINOS [ 22 3k 38 i, [7] B NO S5 3 £ & B i 3 KK
T 5 1 B 4L ) B NOS 1 ¥, Bl %5 B
o S AL FT INOS TE M 1) B 2 T RE, NO A I I #
it 10 i 07 T 7K SF- B B S R G, B R g8 AE IR BH
PR Ma ZETOTE K R AE Sk B A
Rk B, HOIE B W 4 i P NF-kB AT iINOS
Feik s MR NO JK V-1 B, AR R 1Y o 345 1k
4% . Folch-Puy E 2 A B 57 & B, 7 45 K Btk
17 ERCP | 1 h, F1 Rk %Ak 9y 1l 44 384 A= 9 80T =2
AR 2, vT LAV B S & AR R B IR R E RN
i Bif it B 7 G R 8 St S AR B ( MPO) T MR B b
AT k33 AR 4 4 B AL 1 5 9 ) NF-«B Al iN-
OS (4 15 2, BEL W7 7k 5 400 B £ R AR AL U R I A
oo TE R BB AR Bl P 0 51 20rE
PR FE 1 I R 48 B 45 75 H | Leindler 1 Viola'™ ™ %
IR e 1 fils 2 28 b 24 INOS 5 B 3Gk A Fa e, H
UE g1 ) NO b & 7= A A S5 1 e R R i 4 20 ) 4]
A 5, HOiNOS By & B R385 40 ML 1o O R %
PJ . Duchen 7 2H 21 &% B % 1M 7 3 13 401 £ 19 55 5
v R BLAN I N A AR S NO iR R AR R B
1AL 2 5 7 400 P9 28000 04 5 1) B 3K, Jie 2 51 i
A M FE TS . T E R PR R INOS Ry i ik,
I 3B B 2 P O R AE KT B NO S R B
2, FEUE /0 NO i i 35 P 0 [E) e o R e AR ke ot/
PR . (A A BF ST 5 1, NO A &F 5K I
BLOMEMEARER, R AREENER. 7
— S g R gk o/ R O ST B RO A U
SR NO RJ LA B 35 g I AR 0 B E O, a0 R K b A
Hh PR A I A R, AT X BB R R E AR B .
Rt , NO 7 i 1 B% A ol 1fn/ P 8 3 488 00 P A9 16
B N ARG —.

PLAE B BF 5€ W7, B MR Sk o/ PR U R
(0~2hZ:47) ,cNOS LK Y & & NO, m] LA g 35
TRCOE B, U B 4L 2 K Pl R 26 RE 41 IR o U R
24N 75 AR M NO =% NOS [ JiE %, Al RE 4E 42 i Fh
OF S B R W 0L RE 2R M Y o T R O R 1

—EBE (4 h DL B, RAEA BT (41 TNF-o
IL-1B) K& =/, i iNOS G JF ik Rk ™ | &
BNO KPS T e, AR R A R 2 A R
PEME B2 XA EEPEAE A 55 T NO 7R B0 T
A6 B J5 T LR 30 4 T M INOS 8 A 5 MR R A A
[ IR NG S R I I - P I S 1 N i = G 1
iNOS, #i& | BE g 98 f& ¢ NO IE % 7K F T ol 35 i
TV HT, A R 98 45 1 HAE S B i R 0% 40 i 25
PE o AR S INAE Sy INOS (14 3% 438 1 00 1) ) I
SHCMEBTIZIES, E Al £ R g Rl INOS
J 3% RA BT AR

A SIS A B, KB ER JR A% A R AL oh S A W) 1
VETE 4 h 5, SR sh W BT Sk R R Y Bl R
] B Y R M NO K 5 7 A=, iNOS 7E i Ji 21 41 K it
Feik HAGMETHE , oNOS B A B B A8 Ak . T ok B
75 B — AL A A B (INOS) H1l1 Hfil 5 I,
REGE X eI B p E B R P AE . FERIAAE A
BRI T NO & BE AR R, 00 HARE O A i
4 4 6L R R A R, DT A5 R BRI OE A il R IR
o M M A T8 A5 ok S, B ol R U 0 R
B 1k B8 A U5 B R R 0 & A R R RS W) T RE 1S
LR

A, HAT O & A MR 2 058 &R B, iNOS fE 2k
IL-18 /A, A B & 1 NO |, a] DL i g & %
0 6, X JE IR B Al M A ™ EBE, O &N B
PR 9 95 ML kI 22— 5 T 40 ) iNOS g 3% 4, 7T LA
RSB AR ERT . AR, &
FENT A P20 A% A 5 i BE T R AT S, S b R I e
FHTR] 5 3 — A5 30 52 6 £ E iNOS 410 41 70 % J6k it 7% A
F P LA 43 i 4 R A B B AR B R

R4

[1] Sweiry JH, Mann GE. Role of oxidative stress in the patho-
genesis of acute pancreatitis [ J ]. Scand Gastroenterol ,
1996 ,31 (suppl 219) :10 - 15.

[2] Benz S, Bergt S, Obermaier R, et al. Impairment of micro-
circulation in the early reperfusion period predicts the degree
of graft pancreatitis in clinical pancreas transplantation [ J] .
Transplantation , 2001 ,71(6) :759 - 763.

[3] Lee S, Tung KSK, Koopmans H, et al. Pancreaticoduodenal
transplantation in the rat [ J].
(2):421 -425.

[4] Corbett JA, Sweetland MA, Wang JL, et al. Nitric oxide

Transplantation, 1971, 13

mediates cytokine -induced inhibition of insulin secretion by
human islets of Langerhans [ J]. Pro Natrl Acad Sci USA,
1993, 90(5): 1731 -1735.

[5] Schroeder RA, Kuo PC. Local consequence of reperfusion
following transplantation [ A ]. In; Grace PA, Mathie RT,



g 5 BRI K B M AR AL AR OR 4P 1F B S50 B 5

241

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

eds. Ischemia-Reperfusion Injury [ M ]. Oxford; Blackwell
Science , 1999 (2), 113 -122.

SRR, KRB, BT, AR MRCEE N RS R TR R P O
PG R E R R SEIfF o [T ] o S 5E S A e ik,
2005, 14, (5), 343 -346.

Bulter AR, Flitney FW , Williams DLH. NO, nitrosonium i-
ons , nitrosothiols and iron-nitrosyls in biology ; a chemist’ s
perspective [ J]. Trend Parmacol Sci, 1995, 16 (1) :18
-22.

Mizutani A, Maki H, Torii Y, et al. Ascorbate-dependent
enhancement of nitric oxide formation in activated macrophages
[J]. Nitric Oxide , 1998, 2(4) :235 -241.

Takacs T, Czako L., Morschl E, et al. The role of nitric ox-
ide in edema formation in L-arginine -induced acute pancreati-
tis [ J]. Pancreas, 2002 ,25(3) :277 —282.

Chen HM, Shyr MH, Lau YT, et al. Leukocyte-endothelial
adherence correlates with pancreatic nitric oxide production in
early cerulein-induced pancreatitis in rats [ J ]. Shock,
1998, 10(3) :218 -222.

Rahman SH, Ammori BJ, Larvin M, et al. Increased nitric
oxide excretion in patients with severe acute pancreatitis ; evi-
dence of an endotoxin mediated inflammatory response? [ J].
Gut, 2003 ,52(2) :270 -274.

Rau B, Bauer A, Wang A, et al. Modulation of endogenous
nitric oxide synthase in experimental acute pancreatitis ; role of
anti-ICAM-1 and oxygen free radical scavengers [ J]. Ann
Surg, 2001, 233(2).:195 -203.

Tomaszewska R, Dembinski A, Warzecha Z, et al. Morpho-
logical changes and morphological - functional correlations in a-
cute experimental rats

[J]. Pol J Pathol, 2000, 51(4) :179 — 184.

Cuzzocrea S, Mazzon E, Dugo L, et al. Inducible nitric ox-

ischemia/ reperfusion pancreatitis in

ide synthase - deficient mice exhibit resistance to the acute pan-
creatitis induced by cerulein [ J]. Shock, 2002 ,17(5) :
416 —422.

Ayub K, Serracino -Inglott F', Williamson RC, et al. Expres-
sion of inducible nitric oxide synthase contributes to the devel-
opment of pancreatitis following pancreatic ischaemia and
reperfusion [ J]. Br J Surg, 2001, 88 (9):1189 -
1193.

Zhou ZG, Chen YD. Influencing factors of pancreatic micro-
circulatory impairment in acute panceatitis [ J ] . World J Gas-
troenterol , 2002, 8 (3) :406 - 412.

Long J, Song N, Liu XP, et al. Nuclear factor-kappaB ac-
tivation on the reactive oxygen species in acute necrotizing
pancreatitic rats [ J ]. World J Gastroenterol, 2005, 11
(27):4277 -4280.

Yoo BM, Oh TY, Kim YB, et al. Novel antioxidant amelio-
rates the fibrosis and inflammation of cerulein-induced chronic
pancreatitis in a mouse model [ J]. Pancreatology , 2005, 5
(2-3):165-176.

Sugiyama Y , Kato S, Mitsufuji S, et al. Pathogenic role of
endothelial nitric oxide synthase ( eNOS/NOS-III ) in cer-

ulein-induced rat acute pancreatitis [ J ]. Dig Dis Sci,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

2006, 51(8):1396 - 1403.

Ma ZH, Ma QY, Wang LC, et al. Effect of resveratrol on
peritoneal macrophages in rats with severe acute pancreatitis
[J]. Inflamm Res, 2005, 54(12) :522 -527.
Folch-Puy E, Granell S, Iovanna JL, et al. Peroxisome pro-
liferator - activated receptor gamma agonist reduces the severity
of post-ERCP pancreatitis in rats [ J]. World J Gastroen-
terol , 2006, 12(40) :6458 —6463.

Leindler L., Morschl E, Laszlo F, et al. Importance of cyto-
kines , nitric oxide , and apoptosis in the pathological process
of necrotizing pancreatitis in rats [ J ]. Pancreas, 2004 ,29
(2):157 -161.

Viola G, al-Mufti RA, Sohail M, et al. Nitric oxide induc-
tion in a rat model of selective pancreatic ischemia and reper-
fusion [ J]. Hepatogastroenterology , 2000 ,47 (35) :1250
-1255.

Duchen MR. Roles of mitochondria in health and
[J]. Diabetes. 2004, 53 (Suppl 1) :S96 —102.
BRI, XK B, BB, S — S I ATE K RUBE IR B
M/ T AR R AER (1] EER K
#ix, 2005, 34(6), 507 -508.

Benz S, Obermaier R, Wiessner R, et al.

disease

Effect of nitric
oxide in ischemia/ reperfusion of the pancreas [ J]. J Surg
Res, 2002, 106(1) :46 —53.

Obermaier R, von Dobschuetz E, Muhs O, et al. Influence
of nitric oxide on microcirculation in pancreatic ischemia/
reperfusion injury : an intravital microscopic study [ J ].
Transpl Int, 2004 ,17(4) .:208 -214.

Yuan CH, Liu YF, Cheng Y, et al. Protective effects of L-
arginine on reperfusion injury after pancreaticoduodenal trans-
(1.
2004 ,3(3) :349 -354.
Larsen CM, Wadt KA, Juhl LF, et al. Interleukin-1 beta-

induced rat pancreatic islet nitric oxide synthesis requires both

plantation in rats Hepatobiliary Pancreat Dis Int,

the p38 and extracellular signal-regulated kinase 1/2 mito-
gen -activated protein kinases [ J ]. J Biol Chem, 1998,
273(24) :15294 -15300.

Bryk R, Wolff DJ. Mechanism of inducible nitric oxide syn-
thase inactivation by aminoguanidine and L-N6 - ( 1 -iminoeth-
yl) lysine [ J]. Biochemistr, 1998, 37 (14) ;4844 —
4852.

Kwon KB, Kim EK, Jeong ES, et al. Cortex cinnamomi ex-
tract prevents streptozotocin-and cytokine -induced beta - cell
damage by inhibiting NF-kappaB [ J].
terol , 2006 ,12(27) :4331 -4337.

Mosen H, Salehi A, Henningsson R, et al. Nitric oxide in-

World J Gastroen-

hibits , and carbon monoxide activates , islet acid alpha-gluco-
side hydrolase activities in parallel with glucose - stimulated in-
sulin secretion [ J ]. J Endocrino, 2006, 190(3) :681 —
693.

Arafat HA , Katakam AK, Chipitsyna G, et al. Osteopontin
protects the islets and beta-cells from interleukin-1 beta-me-
diated cytotoxicity through negative feedback regulation of nitric

oxide [ J]. Endocrinology,, 2007 ,148(2) :575 - 584.





