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(HE] BH KiTHBEFMHELETF 2(Nrf2)/HR AR 2 T4 (ARE) i 55 55 5 fg B ILEE 3 % 85 (PI3K) /% & #t 8 B(AKT)
iBIAR B AE R A 2 B AE S gm (T2DM) K R 5 4 i 8 = fo 3 b X A 85-3(Caspase-3) @ A X P m AL Tamd . Ak ¥ 60

R Ak Wistar K R 94 EF A BANC 4,7n=20) 48 mER A (DM 4, n=20)fe-R T A 3K — @ F 28 (BHQ £2,2=20),
TR ABRANA KR, TUNEL%‘% M By 2 B0 R T B BR e 95 PR TR X 3 (ELISA) i € e 75 BORR AR 48 27 F | = 8 (MDA) K F .,
Western blot # M AKT,p-AKT, % Nrf2 .4 Nrf2, o4t &% &4 8 1(HO-1) .Caspase-3 £ B mbb Za k2 KF, FR 5 NC
28 ¥ 35, DM 48 Mk 5 2 0 tfmt%iwm(P:o 000) , 7 tBHQ 28 M & %0 j6 8 = £ 8 B 4& F DM 28 (P=0.000), DM 48 fo & & fk
M MDA KP4 NC A8 25 5 (P=0.000),m tBHQ 24 o 7% & Mk ik 28 22 F MDA K-8 4% F DM 28 (P=0. 000),
28 p-AKT, % Nrf2. 4% Nrf2 % HO-1 & G #5 & & K34 NC 48 2 Z %K (P=0. 000) , Caspase-3 & & £ ik K F 4 NC éﬂaﬂ;u:ﬂ'
FH(P=0.000);%5 DM 2Bt 4% ,tBHQ 28 p-AKT. % Nrf2. .4 Nrf2 2 HO-1 & & ¢ &k K-F 39 23 m(P=0.000),Caspase-3 &
GERARFPAREBEK(P=0.017);AKT O R A KT EIAMEF AL FENL(P>0.05., & Nrf2/ARE@E % 5
PISK/AKT:# %% A48 Z 4k A 2t 47 %) M £ 28 6, Caspase-3 $) R A R L E MR B mpo M -2 A T 2GR ER,
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[Abstract] Objective To explore the effect and possible mechanisms of the interact between Nrf2/ARE and PI3K/AKT
pathways on the islet cell apoptosis and Caspase-3 protein expression of type 2 diabetic rats. Methods Sixty male Wistar rats were
randomly divided into the normal control group(NC group,n=20) ,diabetic model group(DM group,n=20)and tertiary-butylhyd-
roquinone intervention group(tBHQ group,n=20). All rats were Kkilled after eight weeks of intervention. TUNEL was used to de-
termine islet cell apoptosis. ELISA was used to determine MDA levels in serum and pancreatic tissues,and Western blot was used to
detect the protein expression levels of AKT,p-AKT,total Nrf2,nulear Nrf2, HO-1,Caspase-3 in pancreatic tissues. Results Com-
pared with the NC group,the apoptosis rate of islet cells in the DM group was significantly increased (P =10. 000). The apoptosis
rate of islet cells in the tBHQ group was significantly lower than that in the DM group(P=0. 000). Compared with the NC group,
the MDA levels in serum and pancreatic tissue in the DM group were significantly increased(P=0. 000) , while the serum and pan-
creatic tissue levels of MDA in the tBHQ group were significantly lower than those in the DM group. The protein expression levels
of p-AKT,total Nrf2,nulear Nrf2 and HO-1 in the DM group were significantly lower than those in the NC group(P=10. 000),
while the protein expression level of Caspase-3 was significantly higher than that in the NC group (P =0. 000). The tBHQ group
had significantly higher protein expressions of p-AKT, total Nrf2,nulear Nrf2 and HO-1 than the DM group(P=0. 000) , while the
protein expression level of Caspase-3 was significantly decreased(P=0.017). AKT protein expression level had no statistically sig-
nificant difference among the three groups(P>>0. 05). Conclusion The interact between Nrf2/ARE and PI3K/AKT pathways gen-
erates an important protective effect on inhibiting the expression of Caspase-3 in islet cell and delaying the process of islet cell apop-
tosis.
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T [ 0 A0 A AS i 0 T 9 2N R R A T-3.8..9
(Caspase-3,8,9) 4 %, PI3K/AKT ji # i 5 1) H v — 4~ F i
F5HE B NEF T M EFE T 2(nuclear factor-erythroid 2-relat-
ed factor 2, Nrf2), @ 1 # 16 Nrf2, fiff Nri2/$7 & A4k = N It 44k
(antioxidant responsive element, ARE) il %5 5 M 41 X & &
1(hemeoxygenase-1, HO-1) | # 48 1k ¥ % 1k Fiff (superoxide dis-
mutase, SOD) 25 7T 5 b B (19 3R 35 . & ¥ 90 A Ak B BAE L 17 B
FH PISK/AKT 3 [ ¢ 5 P 100 ) 500 b 285, 000 w] 410 ) Nrf2 3%
PP, RBESYE O Nrf2/ ARE 5@ B, W28 4 T2DM K i
PI3K/AKT 38 % . Caspase-3 8 [ F& 15 S fiF 5 40 JL 98 T 1) 52
PR Nrf2/ARE i #% 5 PISK/AKT i B 48 5 /F F %I T2DM
K BRUJBE 5 200 L B P 4 FE B Rl RE AL

1 MB5F%E

1.1 ARE f@hE 8 A Wi Wistar KB, & Fi & 180~200 g,
PRI 25 LR SE 00 B ) 4 B 0 ) B Atk . 5 R AL TR 3R (strep-
tozotocin, STZ) W [ 3 [E Sigma 23 7 3 T 3 XF 74 W (tert-
butylhydroquinone, tBHQ) Wy B . F| By Acros 2% ) ; N . i
(malondialdehyde, MDA) | B 5t %o 93 W [ 12 56 (ELISA) i 7 &
I A 3£ [E Omega 23 7] s TUNEL 3% 71 & 1 3 7% [E Roche 23 A
S EEARBGA N & W A L AE YRR BRA
TR (BCAE AW EN G H &EWE LR REY
BARAGMRAA: fbt KR Nrf2 Z 5w BEHi A1 A 2% E Santa
Cruz 28] s RPLK B AKT By BEhi Al A 35 E CST A Hl %
HLR B p-AKT(Serd73) £ si BEHT iR A 35 [ CST A w5 St
K HO-1 £ 3w B $i ik W A 3¢ F Bioworld 24 &) 5 A9t K
Caspase-3 HLyEREHLIAR N H 32 B CST 28 a) 5 At K BUH i EE-3-
BRI Mt 2 (GAPDHD g B fi il B 55 B CST A A, B 1t
AALY B (HRP)- I EH Rk E 0 GUgO WA LiEH =
RAEDHEARFRAF

1.2 Fik

1.2.1 BEIRAE R BB R P EE 7 J v 4l B 60 HUfEME Wistar
KT LA 0 i i DR RS L R W s i AL C Dy Ay 3 3 ) e
66.5% , FEBE 20. 0%, 5% 10, 0%, JH & i 2. 5%, H g #h
Lo%™ ., W3R 4 FJ5. 2 8 h, — Wk s i 5 STZ 30
mg/kg BWHIHETEL pH 4.3 119 0. 1 mmol /L #i#k iz £ 2% wh i i
B L0V MR EE) L bl B i Rl k2 M 3R 72 h S L &S R R
# K s K F 2k % F 16. 7 mmol/L 2 T2DM £ 7 i 2
I 43 HUR B B B ) ok FH BATL 25 7 3R 2008 3 40 S P28 - R
JRALTIZH (DM 41) 20 2, A F 25 % T B, 76 & 8% L 2 R D) o
AN L 0% Ky s tBHQ T i (t(BHQ 1) 20 H, 2 W Sl [5]
W7 i 7E S M IR R R R 1. 0% BHQ, & F I 3 B
T2DM KBS . [F, 55 20 X Wistar K BAE b IE % X If
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ALINC HD A 259 F 1, 26558 e 3 1. 0% ik, 3
K B 2L T T8 JE J Ak B8 . 2 30 A AR 4 it 9 5 0 L B
A —20 C KA R A7 15 00 WO e R 20 21, i A — 80 'C ik
FE R A5 K

1.2.2 MRS T- W R AME TR E SRR
Y1 A2k I TUNEL 3 K0 o #5247 #% 4% B8 TUNEL 7 & 361
FHEAT . 7E 200 REGHE T 0L U8 T 40 M A% O 38 80 R & A
TR0 G ) . Bk bl R B 3~5 AR5 7w A
LB (X 400) T 32015 5 40 M 08 T2 28, 0 o 3 = U T A0 B A% %/
AN E X 100 % ,

1.2.3 MDA &l >R H ELISA A M 1M 3 K i 4 21
MDA 7K -l 5 J7 ¥ # B MDA ELISA 3% 7 & i T 35 B, Jit
KEBESHH T ERZHBEEHARY 100 mg, il A RIPA %
fif 2% ¥ .12 000 r/min fIG IR %5 0> 10 min, 76 B AR 62 8 AR - 4
B o AL 2 O IR L LRI RE L. K 50 L A ofE S
ABRHE S LA L B )R ¥ 10 L A0 40 (oL 77 00 RE S 5 88 21 75
MRE AL 2 X IR LR IR AT VAR . SRS I AL iR T4 )
FEEAR DL AR T4 W 4k 22 N 35 J5 AR 4 AR R IS 7R
450 nm P K Ak Xt 45 FL G BE BE (OD) {8 3 47 00 B, AR 18 4 o
[ B A OD {H 3 MDA ¥ J¥

1.2.4 Western blot fill B E R WARBELHHE 2K
£ W B B 414129 100 mg, /il A RIPA 2% 2% whf » 12 000 r/min
fRIRES 0 10 min, B VSRS AR A B E O IR 28U
I B I S i BRI A A% R B IO A U A S R A
FH s ok FR R (BCAD 3500 7 28 1 MR B3 B3 o 2R 1 PR VKO 3 B
ERMW M LM (PVDE) [ L, =R T 8 M 5. % AKT
(1:1000), prAKT (1:1000), Nrf2 (1 : 800)., HO-1
(1 : 500) ,Caspase-3(1 = 1 000) —HL W » Lh AR HEN 2 GAP-
DH(1 : 1 000),4 CWFH id#%JG A HRP-1L ¥4 1eG —Hi
W EIRIBE 1 h, k22 & (ECL) B 1, Bio-Rad # i 1%
R G % » Quantity-One W K BEMIF 0. LR @A 4 Wk, L
FIE .

1.3 Siil2 kb3 SR SPSS 17. 0 Gid R 4F ) 55 56 44 i 47
SN IR R R T s FoR . 241 SRl ANOVA 43047
21 [A) O PR L3R A LSD-¢ K 35 o K 30 7K #fE «=0. 05, L P<C0. 05

hEFAGIFE L.
2 %5 R

2.1 HARBIES AT R0 W iegs /s, 40
e v 45 . 2, DM 4B 4 i 0E T R [(26. 42 +
6.93) % 1% NC 41 (7. 054 2. 81) % ] i Z i m (P =0. 000) ,
tBHQ 20 J}E 5 40 it 8 T2 [ (13. 6243, 77) % 1% DM 20 W &y
B(P=0.000), WA 1,

A:NCH;B:DM 4 ;C:tBHQ #4 .

1 FHEXRBEBEMBPTNE(TUNEL, X200)
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2.2 KRB E MZFERAZ S MDA KPRy HLE DM 4
I35 K Jge i 41 21 H MDA K-8 NC 418 8 7 i/ (P=0. 000) ,
tBHQ 41 ML 3E K Jif AR 41 23 v MDA 7K 348 DM 41 B & [ AI%
(P=0.000), W& 1.
*1 FHRXFMFERRRAL S MDA KFE
Lt 8; (z £ s, nmol/L)

25 n 1.3 MDA /K- [ MDA 7K
NC 24 20 5.6941. 34 15.52+2.63
DM 41 20 18. 71+2.55% 38.124£5. 85°
tBHQ 4 20 9.97+2.06° 25,9444, 24°
F 293. 647 215.211
P 0. 000 0. 000

*.P<C0.01,5 NC 4l H 4 ;. P<<0.01,5 DM 4 th i,

2.3 HHEKRKRPEMAL AKT, p-AKT, 4 Nri2 4% Nrf2 , HO-
1 Fil Caspase-3 s [ F i H B Western blot 25 H i /8 : DM
20 p-AKT. & Nrf2 4% Nrf2 & HO-1 & [ 15K FE 345 NC
24 B AL (P=0. 000) , Caspase-3 & [ 3215 K -4 NC 418
BF R (P=0.000);5 DM 41 4%, tBHQ 41 p-AKT. & Nrf2,
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#% Nrf2 Je HO-1 25 (1 3% 35 K 7 3 91 & 3 i (P = 0. 000) ,
Caspase-3 # H R KK P U B AR (P=0.017) ; AKT 2 H 3Kk
KOPAE 3 AL 22 5% B GE 2% 35 L (P>0. 05) LI 2,3 2.

NCZE DMZE BHOZE
S A A T
A e ocT
A e 2
— -— — 1ZNr 2

il TS .

U . — aspse-d

2 HFHKXKBERRAEL AKT p-AKT & Nri2,
#% Nrf2 . HO-1.Caspase-3 EH FRIX

x®2 BAXRBERAAEESREWBENBE LK (T1s)

215 n AKT p-AKT B Nrf2 ¥ Nrf2 HO-1 Caspase-3
NC 41 4 0.99+0.08 1.36+0. 22 1.1240. 14 1.0140. 09 0.89+0.07 0.54+0.04
DM4 4 0.9920. 09 0. 5020, 04 0.58+0. 05 0.4840.07¢ 0.58+0. 05 1.3240.21°
tBHQ4l 4 1.0240. 13 1.0340. 11° 1.3140. 20" 1.5240. 25" 1.54+0. 27" 1.0340. 15"
F 1.239 42. 858 36. 409 51.416 59. 634 48.195

P 0.335 0. 000 0. 000 0. 000 0. 000 0. 000

“;P<C0.01,5 NC 4l Hh# ;" P<<0. 01,5 DM 4] L 4%,

3 i it

PI3K/AKT il i 5 Nrf2/ARE il % i 19 PI3K/AKT-
Nrf2/ARE i % 7€ 8 15 AL & 4 10 B 8 05 i & ¥ 5 &= 24k
AT, PISK/AKT 58 % 76 LA & 41 20 5 40 i o | 32 777 il
i Ml Caspase ZME TG M A AN MM T W™ . Caspase K
IR TSR b i EE S 5%, Caspase-3 7R 15 14
A E 20, Caspase-3 WG 5 43 B A 0] 5| 40 i 4 T
155 55 S U R 0 388 — 25 K S Al A R e A T

Tie 2500 38 1o F 55 48 Ak B AIK %5 FE AR 4 11 CoxLDL) X Py Jz
41 (EPCs) PI3K [ W 3% p85 K& AKT 1% 5% 1 & Bl , oxLDL
A p85 WA 3 Ak, I B ERE AL p- AKT/AKT LAH . #F T 75 5
EPCs 8 7=, 3% — 8028 7] 3 3 85 (R §1 S8 AL IR 97 W0 75, 42 7 S 1k
N %R AT 3 PISK/AKT i 5 5 4% % . 3 3 EPCs W12,
R4 PI3K/AKT {5 5 4% Sl 45 5 . PIBK 5 AKT 45 & )5 . %6
S5 AKT (% W A B &5 (Thr308 H1 Serd73) # i 1k . M i fif
AKT 58 &0 fE AR B 55 Hh . DM 41 p-AKT & [ K& ik
$EIR H AR BT 2k ok 7€ &3 k. A, DM 4 Caspase-3 H H
FEIR KT R L R S A0 O T R B S R, 156 PISK/AKT i
[ 5% 35 J5 Xt Caspase-3 B3 6l £ FH U8 55 DT 012 58 J6k 55 40 it 9
To, T PISK/AKT i % ] 55 F e 80 JE ) Nrf2 (5% 5%, ¥
Wi LBk A 41 5 ARE %54, 9 )8 41 & L B HO-1
MR K740 A5 T 68, T A& B 2 1k A 40 A% 1) Nrif2
TE A0 3T AR T L R AR F Tl o A I Nrf2
HO-1. MDA $& 45 8 [ Wi %0 Ak 10 3% R 7 0 s 5 41 i 401k 17 35

KA. EER R DM 2 T A Al 7 #RE 0 B e s L R I A1 Y
Ak ¥ S AL B ORI ST R 3 RT BELAS PISK/ AKT 1 B %
TN PISK/ AKT T 0 1 e A AT 5 250 Nef2 30008 A% A
Rk b s A ik H iz RACKE M AT 51 Nrf2 SR R
FRAKF AR . iy, 5 DN Nrf2/ ARE 38 B 1 4 B A% 2
WG BT TR 9 HO-1 & B R B0k 3 3 PI3K/ AKTE
B 5 2 BN S A BE W Bk 3403 - i Caspase-3 i1 14 72 i 14 0
UNEARERAE S L B 2 n 3 1 B A0 e T R A

A1 T DM 2 Nrf2/ ARE 5@ % 4b T 15 o e AR s 2k 15 R 2 L 3
e AR AT Nrf2/ ARE 38 B4 57 45 80 75 (BHQ X T2DM
KERHEAT A 8 F iy T BRI g . 45 R R I BHQ ALH |
AL RE 3 B 3 B T B 40 D AR AR N K A B R R R
Nrf2/ARE i B W80 Jo » 7T 40 i Nrf2 72 20 11 5t o 332 2% 1k
e gk 1 LW R A AR 28, R T b R0 AR A AR 3 L IR &
0 AR N K ST [ I, tBHQ 41 AKT 8 iR 4k 7K F- %
5k JE PR Caspase-3 3 F R 5KV F I L B & 40 g 94 %
S8 AR Ay G DL WIS Nef2/ ARE 5@ AT 9 42 40 1k 17 v
PISK/AKT i #% (19 5 Wit » £ 0 ) ) Caspase-3 3 B 1 15 » 1 B
L R T

Li BERT IR . Nrf2/ARE 8 B8 3 i 5 1k 57 87E T 4R 4P
PISK/AKT i@ % 09 1E % {5 5 5% % . 1 PISK/AKT @ B 7] /i &
Nrf2 8 [R5 & ¥ Nrf2/ARE 3 B b (0 0 B0E k. WA
FAE AR A EL 5 35 X 40 15 5 40 i Caspase-3 1) 3 15 K 4
2 g% &5 200 M0 A T R B PR AP T
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