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HE . BY Wit EF 5 42 K KAk fo 3 02 B 345 5 Notch2/Hes—1 @3589 %, F7ik &R
PRAFHEE SD KR 80 R, 4KkE 280 ~ 320g, 6 ~ 8 Ak, KA F X, WHhom 44 (X204 ): BFR
20 (Sham #8 ). e BFi#iEs (/R A), £%FE4AMa (I/R+Cur 1) B34 A4 (I/R+DAPT 4 ), KA
kP UFHUR SRR 4 h B2 4 h AR Suh B B HG A, XSk SE 4 h, /R+Cur AEME
A E#EE 200 mg/kg 3 /RADAPT A2 A4 DAPT 05 pmol, FHHEE 4 h B2 MR, FH
@if RER. ABEFRAR, MBARKA, £ HE & & FAL R T, Fat 808 RR#ET ¥ 2 8%

; K JAl Western blotting ## RT—PCR 4~ #| M| £ Notch2 & /& & fe ¥4 F Hes—1 mRNA # & i ; i T ELISA
uf!'l B TNF-a A IL-1B #9kiE, 58 5 Sham A%, VR ATRLE N EHINERAIYT K, THEA
TILER, RARZIE R, BRRFEMZESRE, FOERRFEEFESAES (P <0.05); AR P Notwch2,
Hes—1 mRNA, TNF—a # IL—-1B #9 & & & (P <0.05); 5 /R 4AE, I/R+Cur 4% 8 R £ J% 40 fe iz iH
Y, AFARILENETK, BTRLVEERFREAE, BIFRRAFEZEFES>TH (P <0.05); AL8F
Notch2, Hes—1 mRNA, TNF-a #o IL-1B #&i& % (P <0.05); /R+DAPT A& 35475 /R+Cur 414K,
ERFRGAFZENL (P>0.05), &t 2FF B AR THEX KA h A2 B54%, LERE TS T
4 Notch2/Hes—1 12 5@ %A £

KHEIA . BAEERMG 5 £ F ; Notch2/Hes—1 8% 5 Bk 5§
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Effects of curcumin-postconditioning on Notch2/Hes-1 pathway of
renal injury induced by limb ischemia-reperfusion in rats*

Hai-bo Zou, Xiao-feng Sun
(Central Hospital Affiliated to Shenyang Medical College, Shenyang, Liaoning110024, China)

Abstract: Objective To investigate the effects of curcumin-postconditioning on Notch 2/Hes-1 pathway of
renal injury induced by limb ischemia-reperfusion in rats. Methods Eighty adult male Sprague-Dawley rats, aged
6 to 8 months, weighing 280 to 300 g, were randomly diviled into 4 group (n = 20) by useing a random number
table: sham group (group Sham); ischemia-reperfusion group (group I/R); curcumin-postconditioning group (group
I/R+Cur) and Inhibitor group (group I/R+DAPT). Limb ischemia was induced by occlusion of bilateral femoral
arteries for 4 h followed by reperfusion for 4 h in group I/R, group I/R+Cur and group I/R+DAPT. 4 h after ischemia,
curcumin 200 mg/kg and DAPT 0.5 pmol was respectively injected by intraperitoneal pathway into group I/R+Cur

and group /R+DAPT, and the equal volume of normal saline was given in the other groups. Arteries blood samples
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were taken 4 h after reperfusion for examining biochemical indexes such as creatinine (Cr), blood urea nitrogen

(BUN) and malonic dialdehyde (MDA) in plasma. Then the rats were sacrificed, and the kidneys were examined

by HE staining to detect pathological changes and semi-quantitative score of renal tubulointerstitia (SSRT); the

expression of Notch2 and Hes-1 mRNA were determined by western-blotting and RT-PCR in renal tissue; TNF-a

and IL-1P were determined by ELISA in renal tissue. Results Compared with group Sham, HE staining showed

obvious dilatation of renal tubules, tubular pattern, disappearance of brush border and infiltration of inflammatory

cells in renal interstitium in group I/R (P < 0.05) and SSRT increased; the expression of Notch2 protein, Hes1-
mRNA and the levels of TNF-a and IL-1B increased (P < 0.05). Compared with the group I/R, the infiltration of

renal interstitial inflammatory cells in the I/R+Cur group decreased, the dilatation of renal tubules was not found in

the field of vision, only a small amount of tube type could be seen and SSRT decreased; the expression of Notch2
protein, Hes-1 mRNA and the content of TNF-a and IL-1B were also decreased (P < 0.05). There is no statistical
difference in indexes of the I/R+DAPT and the I/R+Cur group (P > 0.05). Conclusions Curcumin post-treatment

can reduce the renal injury induced by limb ischemia and reperfusion in the rats and its mechanism may be related

to the downregulation of Notch2/Hes-1 signaling pathway.
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F A4 g 1L F5-9%E 7 45475 (limb ischemia—reperfusion
injury, LIRL) FF3E R BR T4, 3 ] LIk iz fi JE 245 &
SRS, AR L R R, S E A LIRT B A]
IR 2 B TR 4 ", %8 ( Curcumine, Cur )
Je D2 22 B ) 2 TR 2 R SR UG — 2 €
R, RAEYEEN TR —, BATRRRST
REACEMAER, HXLG I, B RS Hitif
TYER Y s WH5ERE, LIRL & 2R 55 ik A
TS5 E 238", Notch 55 I Z 1746 T
HESHI AR MES Y, FEREAL EREEDRST, ARIR IR
HRHEAT 4 Ff Noteh 324K . SCRREZIEN], 2R
Ab B AT DR O U R ML PR AR Y, (R G B
B Ak B A X S A e ot P O S A 5 A DR A
FRTBETEE D B SE RO 5T B i — 2P R 2
B 2R A BT A Bl JS A e -9 2 A5 73 5 Noteh2/
Hes—1 3 F& Y520

1 RS

RS

e AR HEPE SD KRR 80 H ( F o B BE RL A2 5
i), 7R 280 ~ 320, 6 ~ 8 Hilk, LT
# (A5 - 86M1611V, FE[H Sigma AF] ), v - S
I (DAPT) ( 32[H Santa Cruz 28 F) ), B8 PEBERR G
Fric — 9t ( 3£ Santa Cruz 23 7] ) Trizol ZLF ( 32
Invitrogen /A F] ), Hes—1-mRNA 5% [ E4:9) T2
(K ) A RAF] ], bR B Notch2 2K 2 i Sk |
HRPLRE B —actin ZFEFEHIIA ( 32[HE Abeam 23 F] ).

1.1

1.2 XEH5E&

ES-1000 SPM j## 5 Ifil i ¥ ( H 7% Hayashi Denki
vH] ), DYY-6B BV IKAY (db3iR—{%3R) ), PCR
P14 (5 Biometra 2 F) ), BX-41 B @5 ( H
N Olympus 23 #] ), Scion Image F&G b 240 (L1
Apple A7) ),

1.3 FHik

131 #hom5EA G4 SRAMYIET-RE
80 H SD KEUI N 44 (n=20): TFARH (Sham £ ),
S P (VR 4H), 2 ERFAIA (VR+Cur ),
L] (VR+DAPT 41 ). RS 3k [7-8] Z il K
BP0 P08 1 B A A8 Sl ) 3 T Y
AL R SERs Ry, S IRAEHIAE (23£2) ¢, W2
JEREHEIT 50% ~ 60%, 12h/3 /ISR, Afik
K, BAVGHIRT 12 h 256, MRS 3% I 24
40 mg/kg RIS, A7 84N IS S ST FE . TR
OB R = A XD FF K, 8 I sl IOk R e e ik
R FHTC A sl ke 3 B RE e 40y b S A e sl ik, it
WU Bk 4 h, RS ICAIEkIE, FEDE 4 h,
i H] ES—1000 SPM P 1l A W I s, A i )
MLFE A SR AR, W0 0 A o VR e B b . 5K
Yo AR B AR R K 1.5 ml/ (kg + h ). Sham £
53 B M sk AN eIk, AN PAT 5 /R 2052 il Fi A dgle
P E AR 5 /R+Cur 4L T HRIM0LJS 4 h B 2008 15 1
AP ER 200 mg/kg (T 2 ml AABEER K ), FEE
4 h ; VR+DAPT 41 T8k i 5 4 h B 20 i = 1 5 DAPT
0.5 wmol (V&ET 2 ml AFEELIK ), T 4 h ; Sham 4H
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ARIREN, S o FEREA AR I PR E 5005 B Noteh2/Hes—1 i B AR

F VR 2H D) A5 A AR KA

132 Adudgirien  FEED 4 h BFES0KE
3 ml, FEALETF ( Creatinine, Cr) ( A ). MR E
A (blood urea nitrogen, BUN ) ( Wk - 5 - aE Nk
A ). N ( Malondialdehyde, MDA ) ( £ 4h />
HOCEED: ), B AR FER B

133 KL HE £& WM KRERBEIFH, )
HE LR 10% T R S, LA R
HOHE Jefs, {87 BX-41 B B i Mg A B 4
ULt gl G AN i [ S E R = N TN Sl = 8 a2 0]
B RAE LML . B RIBK M B INE R 5 B T
R - RIE AR < 25% M 1 4, >
25% < 49% N 2%, >49% < 75% 1 3453, >T5% 1 4535
B R BRI AR B 1 93, R 243 5 B /IVERYL
A b A S SR AR 1 43, PERIPIRZ % S 2
gy, FERAE R 3 3. B/INVE AR E BV EiRK
P2

1.3.4  Western blotting #- ] "B 41 2% Notch2 4R &
Fix BAB EWAHAZ lemx 1 emx 1 em, f4°CH:
PRER K ph BRI, PELRIL KAy, il 10% 121553,
BLORBUSE A, N DYY-6B R kA T2
FE o 2 SDS— BV IR HIBEE LUK 73 15 Feme B A5
A3 AR B Noteh2 Z IR E A L ik, %
PR B —actin ZIEHEPUIR, 4°CHE LR ; MABLNE
WA AR P, FIRIE 2h, MEREA, B R
H Scion Image G317 R G507, BRIF=¥)5 B —actin
TR FUAR R Noteh2 SZ24R 1 2235 7K -

135 #i %k - REBERE (RT-PCR) # N
¥ F Hes—1 mRNA ¢ %735  BABE TH 1 emx
1 emx 1 em %5 10% 'S 24H 23 51 3%, Trizol Pl 32 5
RNA, #5524 cDNA, $RJ5 0 A PCR 4 39 kFT
Pus, 51¥FFAF : Hes—1 mRNA (163 bp) 1E [
5'-TGGAAATGACAGTGAAGCACCTC-3', X [} 5'-TCG
TTCATGCACTCGCTGAAG=3'; B —actin( 215 bp ) iF[f]
5'-“TGGCACCCAGCACAATGA-3', fZ[fi] 5'-CTAAGTCA
TAGTCCGCCTAGAAGCA-3', Hes—1 mRNA 451
94 °C T AE P 2 min 5 95°CAE M 45 s, 57°CiR Kk 45 s,
T2°CHEA 60 s, 4L 35 PMEFR; 72°CIEMH 5 min, B —actin
FLEAE 2 94°CTHAEYE 2 min 5 94°C7EME 40 s, 58°CIE
K 40s, 72°CHEM 60 s, 30 MEHR 5 72°CHEf 5 min.
PRI L 2% B RREBEIR FRTK, TR B0, BEIR
WAGA A% . R Scion Image EG b 28001, H
B =95 B —actin JK B AE 1Y HAE R B SR 43 F Hes—1

mRNA Fik /K-,
1.3.6  ELISA # M TNF-o f2 IL-1B #&kix T

B EARAAES FHRAABEHS L emx 1 emx 1 em,
il 10% B LU0, 43000 E bR R F - o
(TNF-« ) FIEH4IMA K -1 (IL-18 ), FEHECS 1L,
4 TNF- o bRl defis U R RS, SRS 23 il AR
WAL (100 w1/ L))o W8 B W, R U A Rr i L
(100 pwl/FL), i, 37°CHEAEICHFT 2 he Tk,
AR ZALTUA TAER 100 w1/ FL, e, iR
H 1 he Ve, A HRP TAEW 100 w1/ FL, =60
H 20 min. YEW, MMARAR 100 pl/fL, HOLEE
20 min, JIAZ IR 50 w1/ fL, BRRBREA)EE T Hbs
AL 450 nm ZSE#EE (optical density, OD ) {EAE N
B A5 25 (AL ODE, I BCF- M EAE Rl A,
K H Curve Expert MG ARIERTZL, FF-40 AAHR 1Y
OD {1 TNF- o YREE 5 [RIEE, #5000 1L-18 .
1.4 Hit=ZEFH*E

B4 TR SPSS 13.0 Ge it i, 1ES 200
T EFIRERIAIE + FruE2 (xxs) FoR, 1L
BRI 225001, Wi LA LSD—t K556, P <
0.05 NERAGI=E L,

HR

FHEENEREENEBRFEEEITS
BB /INVE 8] 2 E B PE4r . Cr, BUN A MDA
s, 255 FRE L (P<0.05), 5 Sham 41 4L,
I/R 41 Cr. BUN fil MDA $7}5 , B/ N a) i 11T
IyHEES (P<0.05) 5 5 UR 44, VR+Cur 41 Cr. BUN
F MDA FEAI, B /NE ] BT s A PRI (P <
0.05); 5 UR+Cur 4 L%, UR+DAPT 4H 44545 LL5L,
ZRTGIEE L (P>0.05), W 1,

22 BHAHERBHER

55 Sham 2 LA, /R 2H AT LT A0 B A 5 20 ffL 12 10
B /INE T LA R R P B TR, IV SR
BT DLHCTE B B NS R AR 2R 45 B /NER 5 5 R 41t
B, VR+Cur 4B )T /D i SORE AR, DB
Wb, ABAAT DL/ B NE AR UR+DAPT % T
F L5 VR+Cuar 2RI . WLIET 1,
2.3 B4R Notch2 ZEEARIE

Notch2 2442 9 7E Sham 2 (0.07 £0.02 ), /R 41
(0.93£0.05). VR+Cur 4 (0.57£0.04) A I/R+DAPT
4 (0.61 £0.05) TRk, ZRAGIFEXL (F=

2

2.1
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®1 FABNEERFESIFS. MFH Cr. BUN 1 MDA KFHIEEE (=20, x+s)

41531 g ATy Cr/ ( pmol/l.) BUN/ ( mmol/l. ) MDA/ ( nmol/mg )
Sham 21 3x1 63.71+7.13 9.31+1.10 5.11+0.61
/R 44 7£2" 69.01 £6.69" 17.42£291" 1201 £2.117
I/R+Cur 41 4x2% 66.89 +5.87% 11.17 £ 1.99% 8.92+2.09
I/R+DAPT 24 5+17 65.17+7.11" 12.35£1.76" 7.98+1.93"
FiE 3.341 4.901 5.033 6.313

P{H 0.000 0.001 0.000 0.013

1 . D5 Sham 4 HH, P <0.05 ; @5 VR 41HH, P <0.05 ; @5 VR+Cur Z1H%, P >0.05,

Sham 2 /R 4H I/R+Cur 4 I/R+DAPT 4
1 BAEBHANETEESEN (HEx200)

4.173, P=0.000 ), 5 Sham 41 [L3%, VR 41 Notch2 324k 41 (0.69 £0.08) TIRILLE, ZRARITFEEX
EHFEILTIE (P<0.05); 5URALK, UR+Cur 2l (F=3.279, P=0.011), 5 Sham 2%, /R #H Hes—1
Notch2 Z R HE I EIE T (P <0.05); 5 UR+Cur 41 mRNA FikFhiE (P <0.05); 5 UR A, UR+Cur
H#, T/R+DAPT 4H Notch2 ZARE FAEKIA2ZF IS 4H Hes—1 mRNA £ 35 F % (P <0.05); 5 I/R+Cur 44

2B (P>0.05), WE 2, F#, UR+DAPT 4 Hes—1 mRNA 43635 2% R L5 1
04 5 F Hes—1 mRNA fy5i% FHEX(P>0.05). WA 3.

Hes—1 mRNA 7E Sham #H (021+0.06), /R 4 2.5 TNF-o #IL-1B KR

(0.91+0.03), /R+Cur 41 (0.66+0.07) J I/R+DAPT KUl TNF-a FIIL-1B8 Rk, Z5H5T

1 5 3 4 % Y (P0.05), 5 Sham 4 I #, VR 40 TNF-«

otk 200 kD MIL-18 F£ikTHE (P <0.05); 5 IR 4%, TR+

igg tg Cur 2 TNF- o F11L-1B FKkFEIL (P <0.05);5 /R+

B —actin S0KD Cur 2 L3, UR+DAPT 20 TNF-o Hl IL-1B #ik 2%

SN RECY =N P>0.05), Wz 2,
1: Sham ZH; 2: UR#H; 3: UR+Cur#i; 4: UR+DAPT 41, RAGHFEL (P>005). Bz

B2 KEISHALS Notch? SHEEEE K2 RBABHALTNF-o 1 IL-1p RiLKFEHLLE
. 5 3 . s (n=20, xxs)

300 bp 4159 TNF-a/ (mg/ml ) IL-18/ (pgl)
200 hp Hes—1 Sham 21 1.37£0.51 0.31+0.07
100 bp UR 41 3.7120.65" 1152 0.12"
300 bp 1I/R+Cur 21 242 +£0.59% 0.68 + 0.03%
200 bp B -actin I/R+DAPT £H 28910417 0590117
100 bp F {4 4.692 5.327
1: Marker; 2: Sham #41; 3: UR #41; 4: IR+Cur Z4H; 5: UR+ P 0.000 0.001

DAPT 4.,
. D45 Sham A HL#L, P <0.05; @5 IR 4HIbE, P <0.05;

3 &AEHELA Hes-1 mRNA FRix
. e @5 UR+Cur ZHH#, P >0.05,
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519 1] SRR, S+ 50 25 A B PRV A5 K B Noteh2/Hes—1 il 4R
3 iTig LR A N BE NICD, 4K i [al42 30 ] NICD #EA

AWRUEN], L EREABUEINI . M6 R
N PR TR . BTN T A I A 2 TS A
Hrp, ZERIRMPUEIMEHC IR E N IMEE 1
]z

HRTBCNZIN, P 1) 322 R 350
A A LT | ke A RS e SR R M i B
1 E AL AT LL4E & IS Kupffer 400, BOCRE S H
FHE, BEA D RSBk P 4 5 R A A
R, AHIERRET, KEEIEAZh A
P A FNH R BOR AL T B PR , ABAE A & A
I FRE A S, MLAGE L LS E Y B B R bR
. PR AT R & . R R G A R
A A, S R R B R I R A A v
HEAFEYR ", KA A R AR, v
K7 — k B, J5E 7 TNF- o« FIIL-1 B S5 R EFEL

MDA J2HLAA 240 it B mp A AS 1 0 i 5 7R =2 31 4 F
Bk 5 BT A B R i S B A .
T A 0 E AR RO RS, AR A B
S, (HHRZACHTF= Y MDA BPER A0 ke, Br
DARGZIN MDA f 15 2t R RT L FR] 2 i sz 17 B k4 48 ) ok
AR

FESZI RG] UL, KRR A ke ot P8 v % R
J&, G R AT DLE /NS R BINVE BT TR, A AT
PR, PRGN R B 1] 0T A 4 IR A LR I 5
[F] i} Notch2 32 {4 & 1 I 43+ Hes—1 mRNA ik Tt
s RAEHR T TNF-o FIIL-18 KB, IS
Notch2/Hes—1 {5 53 AR 1] B8 25 K BUB AR e i P
T A B AR G5 TNF— o 1 IL-1 8 25 3 R
SR A F B T ARSI A R, KRR
ATl 1P T B T 414 Notch2/Hes—1 {5538 4
9 Notch2 Z KT 133K, FEAHKCEERVER T =4
M ZEREIER (NICD ), NICD 41 E A 20 A% 540531
Hes—1 ££-5 5 NICD-Hes—1 T I 48 iE 35 il 1t K 0%
BEY, M RIEAMA T TNF- o FITL-18 KR
W, R SECE S ;B UR+Cur ZHAET AT UL ] 5
PN A i 4T 3 B e >, AU T LA e PN A TR L B
I H. Notch2 Z 42K I FIHE 43T Hes—1 mRNA ik
FBE ; TNF-a FIIL-18 BEHGEZ(RT UR 41, 5555
SERIESE, ZH R EAFAR AT BEAE T 17 Notch2 2
IR VR I HAEHIHE &5, 03] Notch2 SZ IR H BME N

A%, T FF Hes—1 mRNA 3L B985, M
AT W5 K- TNF- o Fl TL-1 B BB, &
SR Notch2/Hes—1 {55385, X B e A= O
YER

ZE TR, R 5 AP AT YRR R R P v
B0, HAEFPLEITHE 5 N8 Notch2/Hes-1 {5538
A

& £ X #:
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