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WE: AXBEMIFTINR T L& (schizandrin B, Sch B) FE B SRR T (clozapine, CLZ) 5|24,
FEERIT HARYE LS, e S ECPIR IR A A R R BRI oS8 6 . CLZ #8445 3 &/ N RUT
TR, [FE AN & Sch B X CLZ Mt R4 EA: Al BRI 4 TN 288 (alanine aminotrans-
ferase, ALT). S HEFZ N (aspartate transaminase, AST). Td {4 WL ESF (alkaline phosphatase, ALP) F1HFZH 4 it
S EALEE (superoxide dismutase, SOD). § —-fi# (malonic dialdehyde, MDA). 5t H Ik (glutathione, GSH)
Bk, FFHSRIEY) R MERE . R Western blotting W2 Nrf2 25 A7 AL HIRIE ., LR e &
PCR & FR %L IE 5B [NAD(P)H: quinone oxidoreductase 1, NQO1] FIIM 4L =% &M (heme oxygenase 1, HO-1)
mRNA Fik/KF. 45REH, BAGHE (25 1 50 mg-kg™") ) Sch B A ffi/N i ALT. AST Hil ALP 7KV [44IK, SOD
I GSH & & Ftm, H MDA & & FEK. 14k, Sch B #Ala 6 Fil Nrf2 S H 38k, [R5 Rz A, KT
1) NQO1 #1 HO-1 K mRNA FRik/KTF R EHIN. AP ELY, Sch B fAtidEd#E Nrf2/ARE %, £—Ei&E
G (25~50 mg-kg™!) PRI CLZ FrE B3, 1M mifl & (100 mg-kg ") Sch B AR 7R H R4 i .

KR IR T 4K, SEE; Nrf2/ARE {5 5@ M, Hi5

HE 5 %S R963 XEkFRIRED: A X E4RS:0513-4870 (2017) 03-0390-07

Protection effects of schizandrin B against liver injury
induced by clozapine in mice
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Abstract: This study was conducted to test the effects of schizandrin B (Sch B) on clozapine (CLZ) induced
chronic liver injury in mice and the mechanism of action, and this may provide a new approach for clinical
prevention of CLZ-induced side effects. The CLZ was given to mice for three weeks alone or co-administration
with Sch B. The changes of alanine aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase
(ALP) and antioxidation indexes superoxide dismutase (SOD), malonic dialdehyde (MDA), glutathione (GSH)
and liver histological evaluation were determined. Expression of Nrf2 was assayed in hepatic cells by immuno-
histochemical staining and Western blotting. The changes of relative gene expression of NAD(P)H: quinone
oxidoreductase 1 (NQO1) and heme oxygenase 1 (HO-1) were assayed by real-time Q-PCR.  The results showed
that pretreatment with a lower dosage of Sch B (25, 50 mg kg ') prevented CLZ-induced liver injury as indicated
by the reduced levels of ALT, AST and ALP, and the preserved activities of SOD, GSH and inhibiting MDA. It
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was shown that Sch B could up-regulate Nrf2 expression leading to nuclear accumulation of Nrf2 to induce

oxidative response genes such as NQO1 and HO-1.

These results suggest that Sch B could protect against liver

injury induced by CLZ via the activation of the Nrf2/ARE signal pathway in a dose-dependent manner.
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Figure 1 The mechanism of adverse reactions of clozapine
(CLZ)
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Figure 2 Chemical structure of schizandrin B (Sch B)
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LW ERFEEME  SPFAUEMER /R, 14
H O (20+2) g, 50 K, W E ER PGP, A e vEaT
WE5: SCXD (¥i1) 2013-0006 . fE1EIE (21~23) 'C. 1H
B (45%~65%), % 12 h BARE & B % =, i
BHRFE, ARk,

I’ IT  ZhMEENL 4, 525 control 4
(0.9% A= F £57K). CLZ (25 mg-kg ')« CLZ (25 mg-kg ™)
+ Sch B (25 mg-kg ") CLZ (25 mg-kg ') + Sch B (50
mg-kg ). CLZ (25 mg-kg') + Sch B (100 mg-kg ™)
H, ZHESLES (g) 6% 3 A, TRIRGZ M L
BIYEEAEEIK, 24 h S IREREUML, AR i AR
AR o 3 AN 2R ] 5 T 4m 2R B kv, T RO
Y AN G g AUk et o FLAR I I S 85§ 4K
BTG, WEGER, ¥BE-80 CUKFIRAE, M.

MES IEPRAORE 8 4 B 3 A4 BT dX
T TE 2 A W R 700 5 4% 20 3h A B i A AR R b
ALT. AST 1 ALP.

B4R R4 L IBFR BRI AR LIS & 1 T4 44,
WEEMRML (HS  EBEIK=1:9) IMAKAH
A S ERK, BIRE, YK E2I%, 3000 r-min' B0 10 min,
Hl % 10% P25 % . SOD. GSH. MDA & [ %E
IR RN S UL PR AE.

HARIBIEE A TR SRR E 2 K
M-S A S AL, AR E AT A, @ IR R -
R4 (hematoxylin-eosin, HE) ¥t 5, fEX% T
B M H SR E AR AL

REALANZLRERN N2 ERERIE RAH%
PELAAL S-PIE, B I A WU IR R IS 16 Nrf2
—hi 4 CHER 24 h, LENWEG (HRP) Fybr —Hi=
BEWE 2 h, HERAREEE 15 min, S5 TH
SR L Nrf2 LIEFE L.

Western blotting #&| Nrf2 EEFERIE BHY
SUSEDERINE i = R O o gt B S e G Wil ek e
H . Bradford £ @ & FIRE, RRFL_EFE 100 pg &
F. 12% SDS-PAGE 73 B FE i, BB, B0, F IR
T 5% BSA 1 —Ht (Fadt Nrf2 HogfEHuiE), 4 Cid
o Vel BHHBEIRALL 110 000 B — PikiBm
W, =IEWEE 1 he I\ ECL ARG, MG, B, &
N T

LR K EE PCRIGN mRNA ik HEUE R
FFEHZR, 898, NN Trizol 1 mL, vK_E2513, $REUR
RNA . 2300 % sk 700 60 v B P JEAT 100 0 s S, 1
cDNA. {4 cDNA #E47 SEI 52 € & PCR XM, fi

Il HO-1 A1 NQO1 mRNA 7K-F-H ik . 517 5115 th
AT AEMITEAT AR (1.

Table 1 The primer sequence of real-time PCR

Gene Primer sequence
GAPDH F: 5-AGGTGAAGGTCGGAGTCAAC-3'
R: 5-CGCTCCTGGAAGATGGTGAT-3'
NQO1 F: 5-CGGAGTCAACGGATTTGGTCGTAT-3'
R: 5-AGCCTTCTCCATGGTGGTGAAGAC-3'
HO-1 F: 5-TGAAGGAGGCCACCAAGGAGG-3'

R: 5-AGAGGTCACCCAGGTAGCGGG-3'

Gt ot BIESH R S E SPSS
19.0. Z 4 [ bR FH BRI K 77 Z 5 BT (one-way
ANOVA), ZHPHH LLHECRH LSD .

%
1 Sch B XM %G/ NRME ALT. AST 1 ALP
EEA

ik 3 o, 5 control AL, CLZ 4H./)N B A ML
JEH ALT. AST. ALP WK BT &L 1.5 f5. 5
CLZ #HAHEL, Sch B (25 Al 50 mg-kg ™) 167741525 /N
SRUMIE TP ALT. AST A1 ALP WK FEI A P FRAK . H
o, 7£ Sch B (25 mg-kg™") 4L/, ALT 3 A
% (33.67+4.68) U-L™' (P<0.05), AST K/ [EKE
(102.00 = 17.50) U-L™' (P<0.01), ALP K JF &AL E
(180.00+£16.79) U-L™" (P<0.05); 7E Sch B (50 mg-kg ")
i, ALT. AST Fil ALP iR Fr 44K, H.5 control
Y. M4k, 5 CLZ 4L, Sch B (100 mg-kg )
YA 9T 2N BRI R ALT 348 B G 2 35 1 AR 1k, AST ik
FEWS A PRARAE TE 3 22 5, N ALP IREE [(158.60+
17.28) U-L™", P<0.01] A% & MEFRAG.

RS RN, CLZ (25 mg-kg ') #LLE4Z5 3
J&, AT EE N BRI, R R
P, i (25 mg-kg ). HiFE (50 mgkg ') Sch B X}
CLZ S8/ Hi BA R E R, T e 7 &
(100 mg-kg™") Sch B %t CLZ T #1 /N ST 451455 A &
AT ER .

2 Sch B XEMAFH G/ NRATALLE RN IBIEFRA
AL

K 4 Fron, 5 control ZHAHEL, CLZ 2H /)N B AT
i GSH. SOD K FEI AR, 1 MDA KTt . 5
CLZ 4 AHEL, 25 A1 50 mg kg™ Sch B 697 241 /)N AT E
i) GSH. SOD K EE 356 it F+- w1, MDA ¥R FE T %
Horh, 7F 25 mg-kg ' Sch B 41525 /N, GSH Kk i
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Figure 3 Effects of Sch B on the activity of ALT, AST and
ALP induced by CLZ in mice serum. A: Serum ALT activity;
B: Serum AST activity; C: Serum ALP activity. n=8-10, X +s.
*p<0.05, "P<0.01; "P<0.05, ""P<0.01. ALP: Alkaline phos-
phatase; ALT: Alanine aminotransferase; AST: Aspartate ami-
notransferase; CLZ: Clozapine
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Figure 4 Effects of Sch B on GSH, SOD and MDA in liver
tissue of mice caused by CLZ. A: GSH activity; B: SOD
activity; C: MDA activity. n=28-10, X +s. #P<0.05; P<
0.05, "P<0.01. GSH: Glutathione; MDA: Malondialdehyde;
SOD: Superoxide dismutase
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1A DX R L Bl R L /N BB R 41 4 Al 2388 A AE
CLZ @ (5B), B ULHF/INIES5 RA50R, /N P 4
PR, /NI P AR P 5 ROIRIRBE, AR 2% 4H IR
JEAIFEIMN; 7€ 25 mg-kg ' Sch B 4L (5C), o WHF/
MEEREGE M, NN R R, IR D& R A
MR, {E 50 mg-kg ' Sch B 40 (5D), A W/t
SEFIREATEMT, A0 AL, 7F 100 mg-kg™' Sch
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Figure 5 Liver histological evaluation of CLZ-treated mice.

lymphocytes; | : Intrahepatic hemorrhage; ¥3-: Necrocytosis
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Ga R AALSE IR, 7E control 2 (B 6A) W]
DL Nrf2 fERF A R A ERE; £ CLZ At (K
6B), Nrf2 fE/NEUH T8 X REER I, MK 2%,
[ IS R 0L 40 40 A% IR B, O Nef2 PHPESRIL; fE
Sch B (25.50 A1 100 mg-kg ") A (& 6C~E), Nrf2
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A: Control; B: CLZ (25 mg-kg"); C: CLZ (25 mg-kg'") + Sch B
(25 mg-kg™"); D: CLZ (25 mg-kg ") + Sch B (50 mg-kg™'); E: CLZ (25 mgkg ") + Sch B (100 mg-kg™").
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Figure 6 Nrf2 immunohistochemical staining analysis of the liver of mice.

A: Control; B: CLZ (25 mg ‘kg '); C: CLZ (25 mg-kg ")

+ Sch B (25 mg-kg"); D: CLZ (25 mg-kg ") + Sch B (50 mg-kg"); E: CLZ (25 mg-kg ") + Sch B (100 mg-kg '); F: The results of

Western blotting.  ¥3-: Positive expression in portal area;
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Figure 7 Analysis of the relative gene expression of NQO1
and HO-1. n=8-10, x+s. "P<0.05, "P<0.01; "P<0.05,
"P<0.01
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n=8-10, ¥+s. "P<0.01;""P<0.01
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MR ALT. AST 1 ALP & &L CLZ 41K,
MDA & &% CLZ HAFrF#K, H SOD 1 GSH i %
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I IR A . X SN R 250 K MDA
BB CLZ 1A %K, SOD 1 GSH i /K74 f
Frir. Z4EREW Sch B Xt CLZ 55 09/ R AF 4
(B 8 AL 5 B m LA B e T o Ak B 0 R,
Hos i UE Nrf2/ARE 55388, FilRbrEIEs
CAT H1 SOD), #CHIE Fx B Hy H A0 1) 5 B A0
VER, HET &P AR 9 B B 1E A, 5 ekt e
IR —5.

ARFFIE R, 5 control 4LAHEL, 100 mg-kg™
Sch B 1697 41/ R I35 A 19 ALTAST WK EH Fi &,
ALP %K. 5 Sch B (25 mg-kg ' fi1 50 mg-kg ")
IBIT LA L, 100 mg kg™ Sch B VAT 4L ) NQO1 Al
HO-1 B RAR XS R I8 BB A > o I R AR i
(100 mg-kg™") Sch B % CLZ S8/ & AT 4% 1 47
YEFARE . KR AR I, Zhang 58 IE sz Fvk 1
A Sch B KL 25 ] 5 3/ B AR A0 1
H, TIX RS EKE Sch B 5 22 HIRF AR 37 1 I AH %,
WA g — P A

25 EJTIR, Sch B 7] LUl 0% Nrf2/ARE 15 5
P, PR R RN AR e ), KIEX CLZ fiF
BRI ER . Sch B fE—ERIETLEN (25~50
mg-kg ") X CLZ 5li/NR T80 A Ry A, i
e E (100 mg-kg ) Sch B XF CLZ 5l /) 45
BT R . AT 7045 oM CLZ IR
3R A BSOS BE TR R T R
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