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W OE: B BRI ERER S ey SO K BRI R M PR E R AR 4 & B2 AHOGERIT 2 (Nrf2) LRI 1 (HO-1) @i
MR, Fask  IEBENIECTRIENE 100 KR NBFARA., BRA. 2GR (2 mukg) 4. SHER)IE ST (30
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JFE T BRI B K L h 877 101 46 FFF T R af, P VR A0 45 K BRUBEAY I AT 30 minip M54, & 6h f5, SRk
R R IME AR A LB (ALT), RAEREEFEER (AST). MBLE (TBIL) KT FiARM - 4 (HE) Hefs
BASI T 2 07 B 22 0448 s EU Bk i 0 T 2 28 SE A AL Bl (SOD) « A It H ki S8 AL ¥ (GSH-Px) & PEANTR - (MDA)
B, ELISA VEAGMIAPRIIRFER F-o (TNF-0) HAMMEAZE (L) -1, IL-6 & &, Western blotting y:A& 4% K7 E2 #H A
T 2/ FEMERE 1 (Nrf2/HO-1) JEHMKRE ARIEKT. R SHEMALK, FFSEama i shmg )= e 5 m
7H ALT. AST. TBIL K FRERFL (P<0.05), FFHLURIE SR Bk, MIEIPH BEFK (P<0.05); AF414{ SOD.
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Effects of Ligustrazine Hydrochloride Injection on hepatic ischemia-reperfusion
injury through Nrf2/HO-1 pathway

FENG Lei, ZHAO Jie
Department of Vascular Intervention, Handan Central Hospital, Handan 056001, China

Abstract: Objective To investigate the effect of Ligustrazine Hydrochloride Injection on hepatic ischemia-reperfusion injury and E2-
related factor 2 (Nrf2)/heme oxygenase 1 (HO-1) pathway in rats. Methods According to the random number table method, 100 rats
were equally divided into sham operation group, model group, Salvia Miltiorrhiza Injection (2 mL/kg) group, Ligustrazine
Hydrochloride Injection (30 mg/kg) group, and Ligustrazine Hydrochloride Injection (30 mg/kg) + brusatol (Nrf2 inhibitor, 2 mg/kg)
group. Except for the sham operation group, rats in each group were treated with blocking the hepatic portal vein and hepatic artery for
1 h to prepare the rat model of hepatic ischemia reperfusion injury, and corresponding drugs were used 30 min before the model. 6 h
after hepatic ischemia-reperfusion injury, the level of ALT, AST, TBIL in serum were detected by biochemical analysis method, the
pathological changes of hepatic tissue were detected by HE staining method. The activity of SOD, GSH-Px, and the content of MDA
in hepatic tissue was detected by colorimetry. The content of TNF-o, IL-1f, IL-6 were detected by ELISA method, the expression of
Nrf2/HO-1 pathway related proteins were detected by Western blotting method. Results Compared with the model group, the level
of ALT, AST, and TBIL of Salvia Miltiorrhiza Injection group and Ligustrazine Hydrochloride Injection group were decreased (P <
0.05). The hepatic pathological changes was improved, and the pathological score was decreased (P < 0.05). The activity of SOD,
GSH-Px in hepatic tissue were increased, and the content of MDA, TNF-a, IL-1p, and IL-6 were decreased (P < 0.05), but the
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expression of Nrf2, HO-1 were increased (P < 0.05), and the expression of nuclear NF-xB p65 and the ratio of nuclear NF-xB
p65/cytoplasmic NF-kB p65 were decreased (P < 0.05). The Nrf2 inhibitor brusatol could obviously reverse the activation effect of

ligustrazine hydrochloride injection on the Nrf2/HO-1 pathway and the protective effect on hepatic ischemia-reperfusion injury in rats.

Conclusion

Ligustrazine Hydrochloride Injection can reduce oxidative stress and inflammatory injury in hepatic ischemia-

reperfusion injury rats by activating the Nrf2/HO-1 pathway, and inhibiting NF-kB nuclear translocation, which play a protective role

against hepatic ischemia-reperfusion injury.

Key words: Ligustrazine Hydrochloride Injection; hepatic ischemia-reperfusion; Nrf2/HO-1 pathway; NF-kB; oxidative stress;

inflammation
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R S A 234 1 B A s e ELVE I AN . A&
W78 B PRI 2R IR )11 5 W 3 Sy ot X B sk if 7
VERE AR s e BAE S .
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100 Akt SD KR H AL RHR %
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1.3 FENUF

BK200 A A AL A CLl AR ARV E D LA R
] ); RM2015 44 HL (fE[E Leica 22 7] ); Nano-
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S ) JHF S I PR E K BB A s RTFARAAT FARE
P, ER T TER ORI SRR A . aERERT 30
min, FFEESHEALLL 2 mL/kg FE ip 452504, £
T2 )1 25 BE v SR LA 30 mg/kg 7 ip 48425 (HR¥E
NIRRT, ERER )1 25 Wy S + A8 75
Pt 2H AR IR ) 1| 55 Wy 56 VR 30 mg/kg YJIH 5 i 2
mg/kg ip 452509, [RFARAMBIRIA ip 45T 0.9%
SNV -

1.4.2 Ifi% ALT. AST. TBIL /KPR F#EVE 6 h
J&, BENUECSZHORE 10 K, RIS 208 E 3 kX
I, & & 30min J5 3500 r/min &0 (B0F1EH 8
cm) 10 min J5 7 S I5E, @i 4 3 3 A AR
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gy WUMTERUE, SUHERLEALSE. BURIE, 0.9%%
A e BT 10%H M FEE H E 2 72h, &
AR S, AT HE Jut, JEd R sE
A5 T A P05 B 2 AR o R B PEor 10L: 2R AR
T A AR 4G RGeS AR
HUAZ I O CLANMIIRAR . 26 PEARIRIE 6 AN J7 T
FTVE53, FLEF P9 & WL ARE 0 43, AR (AL ET < 10%
it 14>, 10%~50%ic 2 4> 50%~100%ic 3 47,
6 N7 VP73 S AT R EE V5o

1.4.4 HFHEZHZH SOD. GSH-Px ii% 144l MDA TNF-
o IL-1B IL-6 A FHEEE 6 h 5, B4
Pl A1 10 HORER, BRI A e F1 A0 3E, FFIEEUAT
MEZHER, BURESS AN b 5 R M. WK, HL
BB A1 3500 r/min &0 (045 8ecm) 10
min J5 B3GR, SRS 4 R SR R U W gk AT i
RIS, 70066 E A SOD GSH-Px i P F1 MDA
&, ELISA VER TNF-a. IL-1B. IL-6 & H&.

1.45 FF4HZINrf2. HO-1. Jfi3% NF-«Bp65. it
NF-kB p65 & [FIRERKN  HGHE> FFAEAH 515
W, % I A i RO R A U B ) %
KM% EH, BCA AN EEASEE, 17 SDS-
PAGE %/ FLbK . #615 . 5%/ R Wk 37 “CHf
Ml 1h, SEINEARE AP, B-acting H3 ik 4 C
WEE ISR, W3 37 CHEE 1h, %N DAB ¥
W, DL B-actin 8k H3 NS e HbRE AR
K.
1.5 gitEH*E

iz SPSS 22.0 A AT Gt . AP IR
AR x £5 F£ox, ZAHN ELEER A
KR T7 Z 08, 7 25 PP ELEBCK H LSD-t A,
T EARFERIE G K Dunnett' T3 #646; A&7 4 IE
AL D952 R D [M(P25~P75)]
LR, KH Wilcoxon FEFIRE 5 .
2 #R
2.1 EER ) SRRE ST AT AT BRI EE AR MmiE
ALT. AST. TBIL KERISN

S5EFARAME, A ALT. AST. TBIL /K
SFRESE (P<0.05); SEAAMIL, P2
W SRR B R . SRR R SR+
PO EEZH ALT. AST. TBIL 7K 3 & 25 A
(P<<0.05); SFFZyESHRAM L, FhmR)1 =it
WA ALT . AST KT FEAKs 5 ERIR 25 R S 4
FHEG,  ERIR )1 Wy SV + PSR T B4 ALT .
AST. TBIL K RZEFE (P<0.05), WK 1.
22 EER IS RE ST iRT AT BRI B EE KR ATE
ORIBHT KRBTSR0

BF AR KR RAFNEES, 4L 5
B B IER; BRI RASIZEL, 4

£ 1 HR)ISETSHAFROEEFARME ALT. AST. TBIL KFHEM ( x+s, n=10)
Table 1 Effects of Ligustrazine Hydrochloride Injection on the levels of ALT, AST, TBIL in serum of hepatic ischemia-

reperfusion injury rats ( X +s,n =10 )

e flks ALT/(U-LTY) AST/(U-L TBIL/(umol-L™)
BFAR — 47.62+8.71 65.93+13.29 0.58+0.14
B — 285.16+54.93°  407.28+71.46" 3.72+0.63"
FFHSES 2 mL-kg™? 136.08+23.17*  184.52+19.25" 1.25+0.24*
RN 55 R SR 30 mg-kg™ 96.57+17.32%2  135,04419.25% 1.06+0.21*
RIS R SR+ S IE T 30 mg-kgt+2mgkgt  204.08+49.56*4 289.41+68.73%4 2.55+0.52%4

SEFARUALE: "P<0.05; SRR P<0.05 SFZEMRAILE: “P<0.05 SEHE)IHEEMRALE: “P<0.05
*P < 0.05 vs sham operation group; *P < 0.05 vs model group; “P < 0.05 vs Salvia Miltiorrhiza Injection group; 4P < 0.05 vs Ligustrazine Hydrochloride

Injection group
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PRRK. ARtk SRAE, B SEREEAR A, KA
RIS AL SR, FESIE AN
FRIR |5 R VE S VR AL BE 2 SR Y WA B 5, TR
R ) SRR SR AL SR ORI T Sl 5
RN B GRESRAAH L, BRI )1 S SR+ 1S
BRI R AR Z AL, AR . R%E, R
A B AR AR B R B B . SRR

&1

25‘73‘2%*{

bb, ARAYALRE I S E TR (P<<0.05); SHEA
AL, PSR RNl &
P 15 VR S VR - 8 I T AL PP 3
ik (P<0.05); SFFZESHRAMLL, HER)I=H:
TESHR AR ELPE 73 25 BRR (P<<0.05); S#hiR)II
SRTESHRALEL,  ERER ) S R SR A A E T
P2 BE VP> R e (P<<0.05). WK 1. % 2.

e
P IES e

R )| SRR AT R M B E R R AT A ARIEF R MR (X 400)

Fig. 1 Effects of Ligustrazine Hydrochloride Injection on hepatic tissue histopathological changes in hepatic ischemia-

reperfusion injury rats (><400)

ELEL || SR ST T ER I B 5 K BR AT 4R R B8
RS IS [M(P25~P75), n =10]

Table 2 Effects of Ligustrazine Hydrochloride Injection on the
pathological score of hepatic tissue in hepatic
ischemia-reperfusion injury rats [M(P25-P75), n = 10]

* 2

ZH 5] Fij SREEVE S
BFA — 1.00 (0.00~2.00)
i — 12.00 (8.00~14.00) *
FIESR 2mLkg? 600 (500~8.00) *
SRIR ) E R 30mgkg? 400 (3.00~6.00) #

RS+ 30mgkg 1+ 9.00 (7.00~1000) A
S H 2 mgkg?
S5ETARHALLE: "P<0.05; SHAMALLE: P<0.05 5HZ7E
SHRALELE:: “P<0.05; 5 S ERESHRALILE: “P<0.05
“P < 0.05 vs sham operation group; #P < 0.05 vs model group; “P <
0.05 vs Salvia Miltiorrhiza Injection group; 4P < 0.05 vs
Ligustrazine Hydrochloride Injection group

2.3 EER)SRRE ST BT G0 5B KR AT4R
40 SOD. GSH-Px j&EF1 MDA & = RIF2N

HRFARAM, BA4 SOD. GSH-Px i
BERK, MDA & & EET A (P<0.05); S
AL, FFBESTRA. SRR shR A ]
P8 )15 WA 6V + A I -5 B4 SOD i 1tk i 2 T
5, PHS RSN SRR )5 Ry P4 GSH-Px
PR E TR MDA R EERFL (P<0.05); 5
PSSR, R )1 E e ST GSH-PX
TR E TR MDA S &K (P<0.05); 53R
JE R VR ZAAR L, 68 )1 55 ey S+ SR T
2 SOD. GSH-Px i P22 [#(K, MDA & &2
FTtE (P<<0.05), W% 3.

=3 HER)ISHESH R AT BRI A E ARATLAL SOD. GSH-Px SEMH MDA S EMFM ( x +s, n=10)
Table 3 Effects of Ligustrazine Hydrochloride Injection on the activity of SOD, GSH-Px and the content of MDA in hepatic
tissue of hepatic ischemia-reperfusion injury rats ( X s, n =10 )

51 Fillk:s SOD/(U'mg?)  GSH-Px/(U'mg?!)  MDA/(nmol-mg1)
(EEN — 13428+15.06  171.93+20.14 1.6540.22
it — 65.72+9.14" 74.65+11.28" 5.83+0.90
PR SRR 2mL-kg™? 100.26+13.38*  106.49+12.71* 2.87+0.34%
EIN IS SRR R 30 mg-kg ™ 113.05+14.62*  138.26+17.40% 2.17+0.26%
FRER N v R - T 30 mg-kgt+2 mg-kg? 78.39+10.57*4  86.75+12.914 5.02+0.784

SEFRALE: "P<0.05; SERALLE: P<0.05: SASIEHRAIILE: “P<0.05; 5/ EERR4 L. “P<0.05
*P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs Salvia Miltiorrhiza Injection group; 4P < 0.05 vs Ligustrazine Hydrochloride

Injection group
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2.4 EhER)|| S hRE SRS BT B I B E KR AT
20 TNF-a. IL-1p. IL-6 2 EHISH
EEFARAMLL, B84 TNF-a. IL-1. IL-6 &
ETE (P<0.05); SR, PSR4,
ERFR )RR SR A . ERIR )1 S R R + A

TR TNF-o. IL-1B. IL-6 3 &K (P<<0.05);
5P SRR, SRR )1 R 2 TNF-a.
IL-18+ IL-6 2 PR (P<<0.05); 5EhER)I = HaE:
SPRHARLE, SRR N = RV S+ 9 IE i e 2
TNF-a. IL-1B. IL-6 BE T+ (P<0.05), W% 4.

x4 HRR)ISEESHR T SRMEEEARAEALS TNF-a, IL-1. IL-6 ZEAIFM ( xxs, n=10)
Table 4 Effects of Ligustrazine Hydrochloride Injection on the contents of TNF-a, IL-1f, IL-6 in hepatic tissue of hepatic

ischemia-reperfusion injury rats ( X s, n =10 )

2H 5 & TNF-a/(pg-mL™) IL-1B/(pg-mL™) IL-6/(pg-mL™1)
BFAR — 40.15+6.72 36.83+5.41 19.41+3.28
] — 268.29+55.08" 179.40+35.28" 103.75+16.12"
VR R R 2mL-kg? 106.74+15.92* 81.36+12.75* 43.86+7.01*
EN IS Y 30 mg-kg? 81.35+13.64% 68.57+9.34% 32.40+5.83%
SRR E R B 30 mg-kgt+H2 mg-kgt 197.064+48.13%4 115.38+24.19%4 87.19+14.52%4

SEFARALE: P<0.05; SHALILE: *P<0.05 SHASEHRALE: “P<0.05; 5HER)IZHRESRALE: *P<0.05
“P < 0.05 vs sham operation group; *P < 0.05 vs model group; “P < 0.05 vs Salvia Miltiorrhiza Injection group; 4P < 0.05 vs Ligustrazine Hydrochloride

Injection group
2.5 EER)I SRS RS BT BRI B KR ATE
20 Nrf2, HO-1. BE3% NF-kB p65. A4 NF-kB p65
EBRIEFBE#Z NF-xB p65/Fa3Z NF-xB p65 LL1E
EppA

EBFERMAE, HAH Nrf2, HO-1 ik
A, MutZ NF-xB p65 ik EAMUt% NF-xB p65//ifl
4 NF-xB p65 FLE THE (P<<0.05); SR,
PSRRI )1 55 0 VR AL AN e )1 25 1
VESHR A+ F8H T4 Nrf2. HO-1 RikE B ET)
1 (P<0.05), FHZSiESHRAANERER )1 E i R
it NF-xB p65 FKIEEFHEZ NF-«B p65/idk
NF-«xB p65 HL{EEE K (P<0.05); S5FF&ykdt
TRAHAHLE, ERER ) E Wy g4 Nrf2, HO-1 1A
BRETE, % NF-«B p65 #ik B % NF«B
P65/l 2% NF-kB p65 LA B[ (P<0.05); 5
ERTR N5 R SR AL AR B, SRR 5 Ry SR+ 15
JH 75 L Nrf2, HO-1 3Rk & 3% PG, JEA% NF-
kB p65 Fik B A NF-xB p65/ii NF-xB p65 tt
B THE (P<<0.05), WK 2. #£5.
3 g

JHT- 5 L P B 3 40 4 2 = U E SRR R S
Dfes s i EE e ELERNER, SEAMK
WE SR B e 1 2 3R 24 S s i) — ke rh
2y, HFELEVERO NS G — s AR, A
AL PUANEZ PG EER, SRR EE
SRR LA T 5 088 A 28508 4 o) RS P 245355 771

Nrf2 — 6.8X10*

HO-1 [— 3.2X10*

B-actin SEG—_—— S < 10"
JI2% NF-kB p65 " S S — | > 10’

B-actin M S S— 2 X 10

Jut% NF-xB p65 —— - 110

H: S G N G e - o< 10
A B C D E

ABFAR BHEE CHIZEGIR D-ERR)IESGREMNR  E-
SRR |5 VR S - A

A-sham operation B-model C-Salvia Miltiorrhiza Injection D-
Ligustrazine Hydrochloride Injection E-Ligustrazine Hydrochloride
Injection + brusatol

2 EER)IEIRIESH RS AT R LA E KR ATLELR Nrf2,
HO-1. A3k NF-kB p65. Hfli% NF-xB p65 EHFRIL
B (n=10)

Fig. 2 Effects of Ligustrazine Hydrochloride Injection on
the expression of Nrf2, HO-1, cytoplasmic NF-kB
p65, nuclear NF-kB p65 protein in hepatic tissue of
hepatic ischemia-reperfusion injury rats (n =10 )

ST E A R MAGESEIN AL, 2R V6 R
PR 25, AR BRI B2 T
JHF S5t 0L P S VA 453 4 A S s B it e 4 170 5 A I AT
OB SR A A (e Nrf2/HO-1 @ B AH G B



FIBHE I 202341 H RS E T Y3

Drugs & Clinic

\Vol. 38 No. 1 January 2023 « 27

x5 EER)|SERESHEMFFRMEETARFHEL Nrf2, HO-1. B3 NF-xB p65. Ffit%x NF-kB p65 & H K&K % NF-

kB p65/ffi3E NF-«B p65 ELERIEM ( x +s, n=10)

Table 5 Effects of Ligustrazine Hydrochloride Injection on the expression of Nrf2, HO-1, cytoplasmic NF-kB pé65, nuclear

NF-kB p65 protein and the ratio of nuclear NF-kB p65/cytoplasmic NF-kB p65 in hepatic tissue of hepatic ischemia-

reperfusion injury rats ( x +s,n =10 )

3% NF-xB p65/ Hit% NF-xB p65/

A5 7l & Nrf2/B-actin - HO-1/p-actin -actin Hi4% NF-xB p65/H3 Hu3 NF-kB p65
BFER — 0.914+0.12  0.724+0.10 0.88+0.14 0.184+0.03 0.20+0.04
| — 0.05+0.01" 0.084+0.02° 0.85+0.13 0.734+0.12* 0.86+0.15"
PG 2mL-kg™? 0.284+0.04 0.174+0.03% 0.8540.14 0.38+0.06* 0.45+0.08*
IR )IZEESR 30 mg-kg™? 0.464-0.08*2 0.38+0.07%2 0.9140.16 0.244-0.04%a 0.26+0.05%a
R I BT A W 4 30 mg-kg i+ 0.25+0.04%4 0.14+0.03*4 0.89+0.15 0.6610.124 0.7440.134

FONH 7 2mgkg*

SEFARALE: P<0.05; SHALILE: *P<0.05 SHASEFRALE: “P<0.05; 5HER)IZHRAESRALE: *P<0.05
“P < 0.05 vs sham operation group; *P < 0.05 vs model group; “P < 0.05 vs Salvia Miltiorrhiza Injection group; 4P < 0.05 vs Ligustrazine Hydrochloride

Injection group
FIAHIE A, sk BH T 1] #R KR 30K 1 h il
2 JFF S A P A K SRR 2R e of P A A DR B
WV SLIHI U F R T, SRR E TR, —
S0 G L3 W DA P 5t 0 9 s B A AR . A
SR R R, R PR AR A K BRI ALT
AST. TBIL /KBRSt (BB D RR B 2240,
JFREZHZAmT LR ARSI ZREL, AR ik . 9
PEV RTE, ST RAAE, R0 R IE S 7
o, 5 DO TR IE — B, EhIRR )1 S ey
T B PF S 3 S T Ak 3 T S S AL e i
FERLK BUMTE ALT. AST. TBIL 7KF (it B DhRE
R 08 ), WA AT ZH SUR B MR Ah . PR
FVES:s SRR B RV E SR A IR SR T P2
SSPVRZE o 1T NIrf2 U061 770 5 HE - I R 0 B S 300 7 £
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