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Abstract

Obijective: To investigate the change of oxidative stress system during renal ischemia-reperfusion injury, and to study the mechanism
of Ligustrazine on IRI under the intervention. Methods: Establish the IRI animal model by persistent blocking rabbits’ bilateral renal
artery blood flow for 1 hour, then reperfusion for another 5 hours. Japanese big ear rabbits, 32, were randomly divided into three
groups (n=10): sham operation group (group S), ischemia/reperfusion group (group IR), the effect of ligustrazine on ischemia/
reperfusion group (LZ group), the other two being added in the experiment for accidental death. In 1 hour before ischemia, ischemia,
reperfusion 1h, 3h and 5h in turn to check the enzyme activity of superoxide dismutase (SOD), xanthine oxidase (XO) and the content
of malondialdehyde (MDA) by getting the blood from common carotid artery. At the end of the experiment, the rabbit’s kidney was
used to check the enzyme activity of XO, SOD and the content of MDA, then to observe the morphological changes under the
electron microscopy. Results: With the increase of renal ischemia and reperfusion time, XO activity and MDA content of IR group
and LZ group in plasma gradually up, they were significantly lower in LZ group than in IR group at same time point (all P<0.01), the
activity of SOD in plasma was shown a time-dependent decline in both IR group and LZ group, whereas it was significant higher in
LZ group compared with IR group at same time point during ischemia reperfusion (all P<0.01). SOD activity gradually decreased
with the increase of renal ischemia and reperfusion time, but at the same time point, LZ group compared with IR group were
significantly higher (P<0.01), however, for LZ group, as compared with IR group, activity of XO, content of MDA were increased
remarkably while activity of SOD was decreased significantly in kidney tissue (all P<0.01) the abnormal changes of ultrastructure
were mitigated significantly. Conclusion: Ligustrazine may attenuate renal ischemia-reperfusion injury by dropping oxygen free
radical generation and enhancing oxygen free radical scavenge so that it can antagonize oxidative stress.
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[HE] HiY W RS IS/ TR ARD SEURAESAAR R P AR, B R 25 IS IRI 300 R 4R
KU T3 f ARk BT S XU B 3 BKIALUAE 1h, FEHEVE Sh AT IRI SRR . HAR K HAR 32 K, BENLAY B 3 41 (n=10) :
T A4l (sham, S 41), B ifin/F59#E: 41 (ischemia-reperfusion, IR 41), J11725 BT TR bk 1L/ 5 3#E7F 41 Cligustrazine+ ischemia-reperfusion,
LZ 40) , WA RAE A RS h EAMET: 2 M. THR AT SRin 1h, FFREVE 1he 3h R Sh 48R U235 S0 i il A LA I
HBEAL YA (SOD) ¥ 77 SR A ALEE (XO) 3F 7 LKA W (MDA & &t o 78280 25 o 5 B B A1 Uk ksl SOD
XO #&JJLA K MDA &g, FER AT B IS, S5 BT G0 R PR I TR 3 0, IR 4R LZ 2K P i) XO 3& )
I MDA &gl it FIHad, EFRR A LZ A8 T IR A1 B RE% (35 P<0.01) ; SOD ¥ Jy kA5 B Sk il FH P A 1 7] 1)
WG R T AR, AFRE AT, LZ 48T IR A EME (3 P<0.01) . IR A LZ AT S 41, HHL X0
)1, MDA &80 BT, SOD 3% /i B IEE () P<0.01) ; T LZ A'EHZPH XO i% 1. MDA & EBEMT
IR4l, SOD G EE ST IR, ZRAEIEWEEN (B P<0.01) , LZ 4540 KBS 7 H B85 IR 415w
B 4w JIERERESAEA B BEACTRRC, SN B TEE, B RS Bl PR B e .

(R 750 W S/ PRETE T AN

W e 1L/ FFREVE 340 Crenal ischemia reperfusion injury, RIRD BV -H2r B IG IR X, B & IR
B RS A i 2 R R o S T 3 R S B T B R v R A 1) S B AR LA 3R R LR R AR AL
SRPIERE I, RAFICN O .. AWFSUE RIRI B, W% RIRI K AR FE i 4840 A R4 1454k, DA
Ko HR 2 )15 R E AL N AR R G

1 R 5HZE

e REMENE AR H (1% 30 K, fKE 1.7~2.7kg, “‘F¥ (2.18+0.45) kg, M IHERK - S5256 50
O (REEF)F 220030002 5) $4t. HER4AALEE (XO) W&, BB ALEE (SOD) 3% Jyillis
RN (MDA MR &, 0 H s @AY TR R T NSRS (it 03041711) W H L &R
K idm gl g A HE .
2 &k
2.1 RTINS Ko rdl R 25% 5 frIH (Amiikg) I S Bk iCR JURRIE I, SRREBUE By 8] 2 T
FARG E, AEFEIK (0.5~1.5ml/min) LKA E T FIEI& K, 5%k EE S, 17 EIEHIET
PINZy sem, RABEMES BT, WIEA%E 05, HANBI B ERG, FH I T HAE4T 4em
IFAREF, SR IRTFIAE, Fde U B IR E 2. #lk, FBEEEr o s B S s, Bk, FIGA
ke 4. A7 sk LRI e, 1h JEAATTshikse, i Bk &2 i 4 5he

B SN A 3 4. (1) SRifin/FHETEZH Cischemia-reperfusion, IR, n=10) , R ik 7 g T
YIRS, oy e e T Bh KRR B g iy, SERE R AR BEER K Aml SR B ki s (2) NI
BRI/ TR 4L (ischemia-reperfusion+ligustrazine, LZ, n=10) , {E32 41'S sh kAR MR, 2B )1 =k
S (200mglkg %1 4ml B3R KD SRBEEKES, LREES IR 4MHF; (3 TR (sham
operation, S, n=10) , FFHEJ5 H B FE B 6h, ABHWTE bk, HAEES IR 414,

2.2 hrAHgE S ALSZR s o TR A AT, B 1h CRERERIZD RS BESh KAt T 1h.
3h. 5h (KIS [H] S, 300 RS A, 33 5 8 FH T 22 il , iAo 25 0 LS .0y, 3500r/min, 4°C,
15min, FB WK 2 W US BCE T8 EP &I, T-20°C UKL, FRill. S2oG4s ol n, SO s i,
SEHCH G R R SV T WA, Ja PRIEAREGE 2 4128 100mg, ‘B T A k41, oK &
0.1ml HEATHFES, FHnA3EhK 0.9ml 780w BEHIR AT 2K, -20°C LA N ORAFs B AT, F il R & DL e
Ly, 4°C, 3500r/min, 15min, WedE B W, £50.

2.3 fiEbstardll  PEIEINE XO i), SRR SEALERAIE SOD 5 ), i ZRA N MDA 5 &,
FITAT 5 AT 150 7 e i P o U S S 43 A R
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2.4 FALUBEMLE MR U AL 2.5% K TR E, ARG H 0.2M BERRZE TR T EE,
1%HKIR 5 [l 1h, FH ZBE-NH R AE K, Epon 812 MM Ik HAUHE, HI PT-XL B4 H DI H HLYI Ak
0.7~0.8 nm ({1, LB RUCE A AR ETOCE AL (S, 5 H-7500 BB AL N INELWEE . A

25 Yot ZAbEE ST SPSS 19.0 SiiH IR AT . FTA SR IETIE AR, TR AR (X+S) %
INo ZAREARIB L HAT 7 S5 RS, IR ELAsE . 2H P AN [] I T) i B SR ] B ER 257 2240 M (one-waay
ANOVA) . 7 EFHEWM LK LSD ¥, 5 ZAK 34T Dunnet’s T K656 .

3 HER

3.1 MK EMS A ARBEYG )y BRIMET, 3 NSEIGALIIE K XO 3G =S et (33 P>0.05) . S4l
KOS X0 W BT AL (B P>0.05) , /%lh (2.15+0.39) U/L. (2.334+0.42) U/L. (229
+0.46) U/L. (2.44+0.32) U/L. (2.411+0.58) U/L. B Sl AF e R a0, IR 4169 X0 &4
5 ETHES, 450k (2.2240.55) UL, (3.72+£0.57) U/L. (5.2840.71) U/L. (6.21+0.72) U/L. (7.17
+0.89) U/L. AT HEAE &I mi 1) XO VG 38 B34 1T S 41 (33 P<<0.01) 5 LZ 41451 i) XO ¥ )1 43
Wk (2.084£0.47) U/L. (2.7540.33) U/L. (3.76+£0.46) U/L. (455+0.61) U/L. (5.46+0.57) U/L.
B 55 e L R VR Y IS A) 0 At S b TR, it R R EVE I ) XO SR I B T S A (B
P<<0.01) , SAHFIN A ARSI EART IR 41 (39 P<<0.01) . WK 1.
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“P<0.01 vs S group at same time point; ~~P<C0.01 vs IR group at same time point;

#“P<0.01 vs Pre-Is in same group; “*P<C0.01 vs Is1h in same group
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Fig. 1 Activities of X0 in rabbit plasma at different time points during kidney IR of three growps (=10, X+ S, UL)

3.2 IMFBEA Y BALEEG ) Bl Ry, 3 ANSes ik i SOD 3 =R B EME (3 P>0.05) . S
225 I5F 51T SOD 3% I3 e ARk (39 P>0.05) , 437124 (353.6430.5) NU/ml. (355.3+31.6) NU/ml.
(349.84+32.5) NU/ml. (351.4+28.6) NU/ml. (348.3+27.5) NU/ml. B G i 1F g v sk 1] ity 8,
IR 411¥) SOD % )y & FR#a#s, 2351k (354.1428.7) NU/mI. (242.9431.2) NU/ml. (188.2+27.9) NU/ml.
(176.4+25.2) NU/ml. (169.4436.8) NU/ml. A1 EET & I 25 SOD i§ ¥ BEMT S 4l (P
<0.01) ; LZ 4H& W £iff) SOD & 114374 (353.2+31.2) NU/ml. (261.24+33.7) NU/ml. (232.24+32.2)
NU/ml. (221.4+29.5) NU/ml. (201.8+31.8) NU/ml. 5 bl I A3 A I ) (88 0t 5 P iass, =
TR T IR 4L, (H5 IR 45 AH R i s AN AH LE I B2 & (P<<0.05 8¢ P<<0.01) . LI 2.
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"P<<0.01 vs S group at same time point; “P<<0.05, “"P<<0.01 vs IR group at same time point;

“#P<0.01 vs Pre-Is in same group; “P<C0.05, **P<<0.01 vs Is1h in same group
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Fig 2 Activities of SOD in rabbit plasm at different time points during kidney IR of three groups ( n=10, ;i S, NU/ml)

3.3 MAHN —ES=E

AT, 3 AMSEI4lR ) MDA e =R LR FEME (3 P>0.05) . S 4140

FH MDA &8 (3 P>0.05) . /lh (5.80+£0.60) nmol/ml. (5.734+0.67) nmol/ml. (5.81+0.62)
nmol/ml. (5.794+0.74) nmol/ml. (5.82+0.63) nmol/ml. Bt S i A1 EEV: IS TRl (38 00, IR 4% MDA
SRR ETHES, 0k (5.7240.69) nmol/ml.  (6.7840.51) nmol/ml. (7.54+0.46) nmol/ml. (8.03
+0.71) nmol/ml. (9.22+0.78) nmol/ml ., i IfiL A1 FFEE: 240 05 1) MDA 5 =38 2% 1 S 41 (1) P<<0.01) 5

LZ 4150 551 MDA &
(7.244+0.37) nmol/ml.

4590 (5.7340.53) nmol/ml,  (6.7540.45) nmol/ml. (7.03£0.31) nmol/ml.
(7.55+0.56) nmol/ml, 5 EFE#, HASFER IR 4K, SAHFN SEA

e B BT IR 40 (P<<0.05 8% P<<0.01) . WK 3.
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"P<<0.01 vs S group at same time point; ~“P<<0.05, “"P<<0.01 vs IR group at same time point;

“#P<0.01 vs Pre-Is in same group; “P<C0.05, **P<<0.01 vs Is1h in same group
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Fig. 3 Content of MDA in rabbit plasma at different time points during kidney IR of three groups (=10, )_(i S, rmol/ml)
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3.4 B LENEA A AL . A LA IS DRI A s IR 481 LZ 45414 XO g /1. MDA &
AT S AUy AR, SOD y& A% T S I WK (3 P<<0.01) ; 1 LZ 4% XO 3% /). MDA
SHEREBFEMT IRY, SODWEHEEST IR4, ZRHRFEEME (3 P<0.01) . &1,

F1 JABHEAHREBENFLE. BEAYEAEEINA _BEERLE
Tab.1 Activities of X0,SOD and Content of MDA in kidney tissue of three groups (;(J_rs, n=10)

Groups X0 (U/g) SOD (kU/g) MDA (1 mol/g)
S 12.45+2.44 623+49.5 1.1940.18
IR 25.53+5.66 367+68.9" 1.94+0.35"
LZ 17.774+3.297** 504455.17"" 1.624+0.217"

7E: P <0.01vs S group; ““P <0.01vs IR group

35 IS EME S AIFHLUEMLSHIEARIER . IR 4L /NERBANINE B AT, kg0 i 30
BREEILGE, K5 N 2 40 B A3 il /N L 0 i S IR0 PR A AN TR R B R [T 4R IR 5, ek A I 2 1 2 etk
AR, AR R LI, SRR H I P B A B SR A 2 B IR G AN b R A A Pk s R
FEI 4, 55 de iRy As v, RS A ERE, W2 )RR E IS, 5k ENINS
I /N bR A0 A B I AR I 4 IR e, RSO R] AR BE KM . LZ A0 73 1 A SV T A A A7 (e AN [ 2
FEBAGTESCR, HS IR 4UAHLL, BB . B & o, B0 Wrp YR gl b RIS, K2 H0lE
& B R g ik . R 2 B0 i NE A C I 2 e i o, kiR AR s B RBUK LR AN
2. WK 4. 5. 6. 7.

Group S (x8000): Capillary dilation,the Group IR.(x12000):.Capillary neutrophil mural, Group LZ (x12000): Capillary
structure of endothelial cells is normal endothelial cell nuclear pyknosis, endothelial neutrophilmural, endothelial cell
fenestrae expand nuclear slight pyknosis

B4 ZAS/NIREHMMETNA KL MEBRNE

Fig.4 Ultrastructure of blood capirrary and glomerulus endothelial cell in three groups
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Group S(X8000): Nuclear chromatin is Group IR(X 15000): Nuclearpyknosis, Group LZ(X15000): endothelial cell

homogeneous, the nuclear membrane chromatin is massive margination, nuclear slight pyknosis, part cytoplasm

is clear mitochondria vacuolation,part cytoplasm and basement membrane separation
and basement membrane separation

El5 &EE/NIKARAMBMLEH

Fig.5 Ultrastructure of glomerulus endothelial cell in three groups

'b.;-: 3 _\ - TN

Group S(><800): The cytoplasm is light, foot Group IR(X8000): Cytoplasmic vctj(;Iafion of Group LZ(X8000): Mitochondria is normal,
process clear and tidy mitochondria, partial foot process fusion podocyte arrange disorderly slightly

El6 &AE/NEERLRAMBHEN

Fig.6 Ultrastructure of capsule epithelium cell/podocyte in three groups

Group S (X5000) : Nuclear staining is Group IR (X5000) : Nuclear pyknosis, the Group LZ (X5000) : Nuclear staining is

light,nucleoli is prominent, mitochondria number of mitochondria decreased in cytoplasm, slightly lighter, prominent nucleoli,

is abundant many vacuoles, lysosomes and dense granules mitochondria rich cells, lysosomes are
increased, The inpocketed of the part cells more, no expansion of inner fold
expansion

El7 JAiLfNE L RARBHEN

Fig.7 Ultrastructure of proximal convoluted tuble in three groups
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4 iHig

A H 3L Coxygen free radical, OFR) Zx S5 HIAARIIVE 24024 [N, 70 18 1R AR Ay ity 2l v T 2211 £
o, {HIFEN, OFR Hif MOEdl L G I E 2y FHLHZ —. B OFR A2 BN 2 i, 1 H.
WA — 3523 (135 % OFR (BT RS . — H OFR A st 2 sl 25 g4 ey, i THUARIFLAR,
1B BREJIRS, (ESIERAZ . i, BRRA ALY (oxidative stress)

VG PR REE R K B A K OFR, SN F o, 2 T B ZNEAS IRI I EZ N ZEZ . IRI
] OFR [ EZEREIRIEAT, XO RGWIH: ZIBRANL (PMN) [RINRFIRARK : SRR DIResZ 41, e
FAMEEARGIIRE K AR EARBE AR ST WK R LR, LR H k. XO R4 IRI I OFR
3R, SR AT ATP b, MO ATP A AL Dh RERTAG, 0 M0 S 40 i 2 I iE, S 80l
S Cal WIS THE, WS CaP OB B 1 (calpain), {3 BTSN ARG R BRI, KAL) XO, [l
1AL ATP ZHTR IR IE IR GRS, BRI HERL, FREEVER, I FREA KRR T, YRR 2 X0
TR AR Dy Sy, 4k i 2 g PRI (K I R RO B OFRML Ry —Fl py Y 10480 1 1h HE35 BR 77, SOD
RERCALB A BT T IO LA, A T NI IOAE ], SOk, IR0 IR So e A Bt e
45 P, MDA 11 OFR 15 s i it iod 48044 S5 R A2 1, A OFR 51 1 I S5 3ed 4801 SRR BE (0 A s Vb
R USRI Ko PRI, 380 XO e OFR AE Hed 2 Fl/ak Ik SOD Rl OFR VS FRik/L, X4
AR SR B AU RS, 18 MDA (),

OFR Fl 2 ik A SAILHY, F8AT, BB B0 4RI G5 25 115N DNA; A
JRE FUR AT FEARE NI IR, 250 A AL iR AROAAII FE SOD 2584 B tiJEiF BRfl, 3 EL
WAL RE ) PR I BRI -k B (NF-x B) filt/k PMN FIILE Y S 400 (EC) I HKi 731 VR
AT T TR A A, R IREE A, (PLA2) , ITHEAEDUIGIR (AA) ARG, 785 %A i
AR E T, 230 B BT SR 2 A = A m AR s e e, 3t AL B .

ASCES B, IR 45 A AN S I Y MDA &5 XO iG B mE T S 41, i1 SOD & ) LT S 4,
IR 4B 2 XO 35 )1 MDA S &M T S 4, B ET -, SOD %R TR KB RIRI I OFR 4=
W, WAL, SEUR LA, 94T e . ASZg Lz 2[RI ) A I
XO % JJ I MDA & &34 KT IR 41; 1fi SOD 7% 7 W34 23 w1 IR 4l B AL 235 2R Al 45 SRt [R) i
for, LZ 4/ XO 7% /). MDA S EHBALT IR4], SODIE I REET IR 41, 404340 M it i 4t #) 5
FEE o ARSI HE 0 DRSS R R 2] IR 21K il /N L 52 A0 AN (EAT 30 il /N L 5z 240 R PR 2 s T
SRS P, i R E AR R, T R B R T R B R, B AN RO
Y BE e 5 R o B A4k, 1 LR N S %2, IR 2 R I A RN S0 R R, 2k i
B, RIS IR, A Ik, X /N b AR T RIRI 515 B /N TR T
Re i g Rl el NS Wi T 105, ARIROR 2800 /e B A e B 2 5 oo, Rl e 4k
BRI F5, WA 2, BIMAEFESE, RINEEN RIRI SE BN FHRSGE U . 1]
DAIA 32t 2 1 25 B SRR AE K B RIRL B /N4 405 £ B 4 20 b 25 ol PV Rl o 200 )11 725 1 W o o
Bk A= 2E OFR, JF HAF W IEMEXT OFR (MG FRIhREIG SR, A2 i AL S N g,  IimE—
EFREE LORY RIRI 4128 5 DU ST, an 1SR AR KR RIRI S TH S 1K SOD 7KVl £k MDA
IRV, i S R B /N B R B A B AR U G o/ T TSR L 2 MDA S, LTS IR B A
(BUN) FIJULEF (Cr) &8I E T, SOD i i WK, A NIEEG, H4121 MDA &, BUN
I Cr &R BIRA%, SOD i il hm, X #BEH )1 ZHERERT OFR FINEIRE TR, Aef Al &
P AR 1 E T 0 R ) i B SRR S N, TS RIRI G, I HBE B B0 Ol 2 1 B ThBE, 5k
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FBISh s ASZBEHR, 1253 AT A0 XO fRis e,y FRREE I OFR 7= /E0Y, LU RIRI (1)
KL R
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