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ABSTRACT Objective

receptor in hepatocyte of mice.

To investigate the influence of ligustrazine hydrochloride on cytochrome P, and nuclear
Methods
ligustrazine hydrochloride low-, medium- and high-dose groups (13.0,19.5 and 26.0 mg-kg™' +d™"). Then the mice were

Mice were randomly divided into blank control group, phenobarbital group, and

sacrificed after were administered medicines once daily for consecutive 7 days. Liver microsomes were prepared to determine the
enzyme activities. Quantitative real-time PCR and Western blotting was employed to examine the expression of these four CYP450
Results Compared with the blank control group, CYP1A2 activity,
mRNA and protein expression were increased by 1.43,1.44 and 1.40 times (P < 0.05) respectively in the ligustrazine

enzymes and nuclear receptor in liver tissue of mice.

hydrochloride dose group. Ligustrazine hydrochloride was found to have no impact on the activities of CYP2E1, CYP3A and
CYP2D22. AhR mRNA was increased by 1.6 times (P < 0.05) in the ligustrazine hydrochloride dose group. Ligustrazine
hydrochloride was found to have no impact on the expression of HNF-4a, PXR and PPARa.  Conclusion
hydrochloride is found to have no impact on the expression of CYP2E1, CYP2D22, CYP3A, HNF4a, PXR and PPARa, but
induces the activity of CYP1A2. This effect is likely to be related toin creasing AhR level to promote the expression of CYP1A2.
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1 #Mel5A%

1.1 %4 MR, R 22 ~
25 g, SN ERF R S g W) B etk , sh ) 2k 7= e m]
UES : SCXK ( #) 2012-0001 , fi] 2 55 4+ % i (22 +
1)°CMRJE :58% e A I AR 0K

1.2 ##tfe kAl RN 8 (U R ERHA
MR 4145 : YC-0720131020 ) 5 41 1 2 (L5t R 3
FERHEA R E], it 45 : 20150508 ) ; Eastep & RNA $2
Bzt % £ ( Promega 2\ #], $it 45 : 20140801 ) ; SYBR®
Premix Ex Taq™ I ( K # 52 4 945 R AL L5
RR820A) TransScript ™ One-Step RT-PCR SuperMix ( &
A WA R A ], it 45 RRO47TA ) ; CYPIA2,
CYP2E1, CYP3A11, CYP2D22 . AT 40 Mg #% K ¥ 4a
(human liver cell nucleus factor4o, HNF-4q ) . 22 5 i
X ZZAK (pregnane X receptor, PXR) i S Ak BEHA I 5
Y ¥ 35 % K o ( proxisome proliferator activation
receptors, PPARa ) | 55 7 & 52 {& ( aryl hydrocarbon
receptor, AhR ) Kz H- I -3 -Rs 182 1 S0 1 ( glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) [ 5| )3 1 I 5
A A s SR AR 1T — 8 (Na, NADP, it 5
SMO313KB14 ) . 6-f fig %5 % ¥ ( G-6-P, it 5.
WJ0717EA14) . G-6-PDH ( #t 5. KOOM6C1 ) ¥y /i g
gAY A R AL A SE VDI (5 AOST6AS) (2%
&R (5 FO315AS) AEARPE T (5 : A1116AS)
MR 26 & A W) 2 A 4R i Boactin BT AR (HiE 5
BS6007M) .CYP1A2 #iifA (35 . BS2188) .CYP2E1 #i©
PR (L5 BS6577) I A LR A WA PR W .

1.3 MNE  CFX96 L7t E £ PCR Y ( 3 [ BIO-
RAD A#]) , Biomate 3S 4% 2 4 11 55 Ml /& % (&
Thermo 22 ]) ; Thermo fresco 17 E IS H B OHL(EHE

IS HE 2016 -02-04 {E&EIEEE 2016 —-04 —11

E£WMB ~HERARBAILE T IIH (81603189) ; 5t
AR 25 | R = 25 B 22 H R BT 98 % WUR A (QZYY-2016-
061) ;2014 4F 5% I 44 ZH JT K 2% A4 A1 % 4y & 5 5 H
(201410660005 ) ;

EEE T ECHE1989 - ), NEEH A, &, R+, A
H G2 ISY . LI : 0851-86908468 , E-mail ; 1026512104@
qq. com,

WEESE X1 (1981 ), SeME A 5, w0z, i,
IR ZS 25 PIFSY . HE i - 0851-86908468 | E-mail ; t-liu@ 163.

com,

Thermo /2] ) ; Ultimate 3000 UPLC-PDA =30 AHAL 25
(32 Thermo A W] ) 5 LKA  F% B4 ( 52 [F BIO-RAD
UNCIDR
1.4 DFATRAEARGRE NSRS 428 IR
A ZRE A R 2R/ NI (13.0 mg-kg ™' -d ")
BRI (19,5 mg-kg ™' -d ™) 4 ER AR
ER AR (26.0 mg-kg ™ -d ) 4, iELET d 2, 5
H/NBFRIRG 25 5251 16 h, b, 59 FF I8 s BROH: i
Tk, FHETH V¥ 0. 9% SEALENVA W 1) T S, 2 1)
ik THE ek Bk 2 B e B ot FH K4 A A AV TR T e
k3 W BN LUTRE, 53K 5 WA i 8 K45 51
AIZHZVSI I M AE 10 000 x g B .03 AR R 5.0 20
min , SR HEUI0 A5 T TE 15 i £ IOk A4, B 5 #E 15 000
x g B IVEF T B0 20 min, 7525 ISR, B4l (o
DUVE BRI RORiAA o P SAL PR R 2 92 v e U 13k
UIPE, 7E15 000 x g #5003 JI/EH T 0 20 min, H
20% Him A B IR L 22 v FBT 3 S0 TR B BV R Ok AR
REW., BEWT S -80 C k4P IR 1F. % H
BCA 7105 SR AR B VR
1.5 29 Raftae g 7 tem 2
1.5.1 CYPIA2 Bg & Mol & RAAEIRVE T {R 51
FRIHER I E CYPLA2 BEHIES o eI T ok A A
B35 gL B 100 pL AFRORAR T 1.5 mL 204
O MAIEIRPE T (0. 05 mol-L™')200 wL,37 CHRY
I 10 min, SRJG A 200 L ¥ J5 760 AR Pk i it P s
A% R W R (NADPH) P /E & 4t (2 mmol - L™
Na,NADP,20 mmol - L™" G-6-P,4 U-L™" G-6-PDH,
20 mmol -I.™" MgCl,) , 737 Ck¥s ¥ 30 min J5, il
=R 200 WL ZER . 15 000 x g 5.0 20 min,
HL90 pL L3 A 283% K (1.07 g+-L™') 10 plL, iR
A1, R SOR AR . 83 4544 L FEHE 20 wL; Luna
C i (4.6 mm x 250 mm,5 jm ) s B AH . 60% H
FE-40% 7K (0. 04% = Z & #1 0. 04% £, TR . 1g ) , UK
BRI pH {H 2 3. 057K 0.6 mL-min ™' ;#£3840 °C;
K% K 280 nm,
1.5.2 CYP2D22 EgE oyl & R VIR AL
AR e RO A £ 335 35 D 5, % Ao 0 B0 K 7 R )
5 gL HU100 Wb AFRCRAR T 1.5 mL B0 4w, i
A ZEVPIE(0.03 mol-L7')200 pL, 37 CIRYEE
10 min J5, /it A NADPH Fi4: &4t 200 pl., T 37 Ck
WHIRZ A 30 min, 5 IA =& 4R 200 pL £k
R, 15 000 x g 0> 20 min, B {# K 90 pL i A%
ZEIR(1.07 g-L7") 10 pL, RAT, B R0BH (i 32
K, i A& PER 1. 5. 171
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1.5.3 CYP3A By & el 2 RAIEIE AR V- B
JLE ADM 32,3853 Nash B ok 0 RS A Al et A Sz ke
CYP3A fB " o A5 F I F OB AT BRS¢+ L1 HL
100 wL, iNAWERR £6 92 o (PBS ) 0. 15 mL, VB2 5 A
86. 4 mmol -L ™" Z L L AR0. 05 mL,JE%7,37 °C/KiA 3 min
JG A NADPH %4 £%: 0. 05 mL,37 CHF 60 min 5
U, A 30% = S BE R 0.25 mL & kv, F
Nash 77 0. 25 mL,{R%2]J560 C/K¥ 10 min, 25 {E i E
20 min, DUIANE BRI ZS AR IR, F 412 nm K
A E G EEAE (A {HD) o
1.5.4 CYP2E1 By & Mol 2 SR 28 W B AL
ANH 3%, 4360 B 2 00 s b G 6 1 1) 26 i i, DTG
Jie CYP2EL [ 3% P10 o 45 5 00 I S00hr 1 o 8 1)
5 g L' B 100 L i AT 52 4, B A TR BE I
0.05 mL, %f BE45 i A7K 0. 05 mL, 37 °C 7K 30 min,
INAVKE 20% = A LR 1.0 mL, pKifF 5 min, B
VEW 1.0 mL, i 1% B335 1. 0 mL,IR5), F M A
REREN 1.0 mLJRS) . ZE i T X 30 min, T 630 nm
WA A I 2 W B
1.6 > F RNA #9485 st KIREAZG 25 £ 16 h,
Wik AE , BY IR R ICH A, FH VS 0. 9% S ALAN A
VPR A ot e 04, SRS BROK 24 20 mg (4TI T2
PGS AR, I Eastep RNA S0 & W45, 42
BRI RNA AR B 11 55 /NI SR RNA
Asgo/ Ao THIITE 1.8 ~2. 1 ZAIFFA 2K, 2R 1. 0% Bt
EMREERC HR VK , LA 28S N 18S S50 Y K FE (B
1.7 N RAFRE mRNA K-Fml 2 B cDNA 2.0 pg,
% B8 TransScript™ One-Step RT-PCR SuperMix i ]
HEAT I S IV o 9 O R R SR A Wl S AR &R 20
L ALFE - 30 5 S B N 2.0 L, R ES I (10
pmol - L™") £ 0. 8 p,L,SYBR® Premix Ex Taq™ II 10
pLo 7€ CFX96 %t i PCR Y L iF47 /)i , PCR 4"
HEFEF 4195 °C 30 5,95 °C 5 5,60 C 34 s, 3L 40 4
TEIR GRS R G il M 4. By 1 i e
GAPDH NI, FH 2429 Ik i il . 5191 )% 5]
WL,
1.8 D EMFAE CYP Z e kkegmlz  /NFUH RO A
K BCA B 8 551, FH A A P Aok i e J32 00
WE4 mgeml ™", BUEH 50 ng,100 V HLEHL K 2R
My Wi BT A 3l R EE IR . FITK S8 U 1% 8 IR
5 ED B B — 3 £ %5 B ( polyvinylidene fluoride ,
PVDF) | ¥ PVDF & F % 5% 4 1135 1% & 11 ( albumin
from bovine serum,BSA) 1) 1 x TBST, = jE%E¥% 1.5 h,
T £ LAA 5% BSA (19 1 x TBST i B 19 19— 3T (bt

*=1 59F%
Tab.1 Primer sequences
HE[H Em514 [ 14

AhR ACCAGAACTGTGAGGGTTGG CTCCCATCGTATAGGGAGCA
HNF4a CGGAGCCCCTGCAAAGT CCAGTCTCACAGCCCATTCC
PXR CCCATCAACGTAGAGGAGGA TCTGAAAAACCCCTTGCATC
PPARa  CCATACAGGAGAGCAGGGATTT ~ TTACCTACGCTCAGCCCTCTTC
CYP1A2 CATCCCCCACAGCACAACAA TCCCACTTGGCCAGGACTTC
CYP3A11 ACAAACAAGCAGGGATGGAC GGTAGAGGAGCACCAAGCTG
CYP2D22 CAGTGGTTGTACTAAATGGGCT — GCTAGGACTATACCTTGAGAGCG
CYP2E1 AGTGCAGAGCGCTTGTACACA AAGAACAGGTCGGCCACAGT

GAPDH AGTATGACTCCACTCACGGCAAAT GTCTCGCTCCTGGAAGATGGT

CYP1A2 RYHTIAHR Ly 1: 500, Sedit CYP2EL AYHTIAVR L
“h 1:400, 4T GAPDH [T iARM 1:5 000) s fE =R T
BEE 1 h,4 Cibiid, F 1 x TBST PEfR 3 YK, BRI S min,
BIAT x TBST Fifeny B S —HT (1220 000) , % if 7
B 1 hJ5H 1 xTBST P& 3 ¥, /YK 5 min, $# M8 ECL
RIS BT,

1.9 itz &k SR SPSSI8. 0 fRgt it H kil 1T
One-Way ANOVA ;56347 , 41 181845 4T Dunnett B
Dunnetts Ty K565 ; 71 OB R £ ARifE2E (x £5) &
/R, EL P <0.05 h2EFA G E L,

2 HR

2.1 #HEBNF R R KRR Z A0 R BT 35 4
a5 O IR A, BRI N R AR I [ %
H A BT B AR A AN B 22 R TE G2 8 S A R 2
5525 U0 R 2 [ 95 85022 S Te ge 2 3 3wl B
ERTR )75 e XoF /N B U Joie £ JC I W B2 o, JHF U 45 2
(%) = (JFREST R/ KT ) x100% , WL 2,

*2 SHEMRERERFEREMFAHEEL LR

Tab.2 Comparison of body weight, liver weight and

liver index among five groups of mice x+s,n=5
(N5 JiT BT iR %
ZH )
g %

SR 24.9+£0.880 1.52+0.101  0.061 +0.002
HEWFZA  26.5+1.003 1.52+0.111  0.057 0.005
EhER )k

NFIEA] 26.66 £0.761 1.40 £0.044  0.052 +0.001

hHlE 27.62+0.446 1.72+0.115  0.062 +0.004

KHELH  26.06+0.542 1.58 £0.090  0.060 =0.003

2.2 ## )| %%t CYPIA2 , CYP2D22 CYP2EL #=
CYP3A RftiE ey %o EhMR )1 = X/ R IE 4
P BERETEPE RS2 (2 3) o 525 o) I b, £
TR )1 5 R KR4 (Y CYPIA2 BEPETFHE T 1. 43 %
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(P <0.05), #:® N %5 gXt CYP2EL, CYP2D22
CYP3A MG 525 AN A LR, 25 7 g2
2.3 #8)] E st CYPLA2, CYP2D22 CYP2EL #e
CYP3A11 mRNA /K-F 69 %m  ASLE Fr i U RNA
ST I, A O TR B FR G, H. 28S S5 YA 2
18S 547 92 2 A%, U4 B RNA 58 8 P45 & S
BUR, RAMIOEIE R TR I 45 2 I HE B RNA 1
Ay Ao FLIETE 1.8 ~2.0 Z[a], U A2 BLAY RNA 4fi &
R EIR . SR i PCR 82 T Hh R I
XS /N U 4 F P s, [8] T mRNA 35 15200 (%

4) . G2 AR IRAL A, EhR 1 S R KGR A B T
CYP1A2 mRNA /K (P < 0.05); k2 )1l 25 8 xf
CYP3A11 .CYP2D22 il CYP2E1 [ mRNA (7K 2% 5
TGt Lo

2.4  #8) % kst AhR, HNF4a ., PXR # PPARa
mRNA F ik 6% ARSI F SR 9 e it R A Wit
NP5 5 T FRIR )5 W8 %8 /N BUFFIEAH DG A% 32 & mRNA
FIRM . 575 X B A, Eh R 1| A iR KR
20 AhRmRNA 7K |- 1.56 {5 (P <0.05) , X} HNF-
4o PXR fil PPARa [ mRNA K324 RISt % &
o WS,

*3 5 HNRAF CYP BiE 1 LLE

Tab.3 Comparison of the activity of hepatic CYP enzyme among five groups of mice

1.1 —
nmol-mg™ *min~ ,x +s5,n=5

2H 5 CYP1A2 CYP2EI CYP3A CYP2D22

25 I BR A 0.433 +0.076 0.042 +0.292 0.543 +0.008 1.390 +0. 162

M A 0.524 £0.036 0.087 £0.022"! 0.852 +0.057 " 1.815 +0.424
ENINIE=Y S

/NG R 0.498 +0.008 0.035 +0.320 0.550 0. 005 1.511 +0.133

Hh 2 0.493 +0.021 0.048 +0.092 0.565 +0.009 1.712 £0.115

Kilad 0.620 +0.017 "' 0.051 +0.106 0.616 +0.032 1.334 +£0.055

L gstm@amic, ™ P <0.05
Compared with blank control group, *' P <0. 05

%4 548/ FEAF CYP mRNA FiEHLLER

Tab.4 Comparison of the mRNA expression of hepatic CYP enzyme among five groups of mice x+ts,n=5
21 5] CYP1A2 mRNA CYP2E1 mRNA CYP3A11 mRNA CYP2D22 mRNA
23 [ X RE 2 1 1 1 1
RE A 1.325 +0.106 1.189 +0.123 1.102 0. 101 1.152 +0. 130
IR =gk
N2 0.980 +0. 150 1.300 +0. 055 0.933 £0.202 0.633 +0.080
) 2 1.170 +0. 040 1.076 +0.106 0.980 +0. 055 1.176 +0. 088
KilEd 1.435 £0.234 " 1.296 £0. 146 1.333 £0.123 1.023 £0.039

L gstRari, ' P<0.05

Compared with blank control group, *' P <0. 05

®5 5 HAMRFZZE mRNA RiAK LR

Tab.5 Comparison of the mRNA expression of hepatic nuclear receptor among five groups of mice x+s,n=5
211 53] AhR mRNA PPARa mRNA PXR mRNA HNF-4a mRNA
25 U IR 2R 1 1 1 1
R hZA 1.760 £0.231 "' 1.567 £0.090 "' 2.067 £0.099 ** 1.850 £0.090 *'
LT
/NG 1.050 £0. 115 0.661 £0.085 0.928 +0.083 0.993 £0.115
TRl 1.133 +0.089 1.140 +0. 058 1.100 £0. 057 1.110 £0.057
KRB 1.567 £0.145 "' 1.333 +0.088 1.237 £0.058 1.266 +0.145

L axt@ari, ' P<0.05,"P <0.01
Compared with blank control group, *'P <0.05,"*P <0. 01
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2.5 #HE)Evax CYPIA2 /= CYP2E]l & & £ 6
% Western-blotting | 72 BT WIE SR /& o CYPTA2 |
CYP2E1 HyZE #3545 R ILE 1 FIL 6, 525 X IR
2R LA, FhR )1 5 W KGR i 41 CYP1A2/GAPDH £ [
Fik B 1.4 45 (P <0.05) 5 SRR 25 6 XS /)N BUIJiE
Hii) CYP2E1/GAPDH 4 13K ATC I E VERE I

TR KEL IR )15

WAL ZAL ANRERAL AL AL

57000 D S — — e (Y P2E |
58 000 D T T i CYP1A2
36 000 D GAPDH

1 CYP1A2,CYP2E1 & H& XAk F
Fig.1 Relative protein expression of CYP1A2 and CYP2E1

x6 5H/NRA CYP EERIEMEEE

Tab.6 Comparison of the protein expression of hepatic

CYP enzyme among five groups of mice xxs,n="5
25 CYP1A2/GAPDH  CYP2E1/GAPDH
28 X IR 2H. 1.020 £0.076 0.989 +£0.065
N 1.310 0. 087 1.188 £0.120
)=
NI 0.723 £0. 060 0.904 £0.096
H 5 2 0.857 £0.072 0.908 +0.080
Kl 1.430 £0.062 "' 1.217 £0.110

5o gy, P <0.05
Compared with blank control group, *' P <0. 05

3 it

YRR P e RN EREE W [ MR —, &
BAEAE TSN, 2y 5 Jy e AR Al FH s, rh 256 30
435 HoAb 25 W 2 a7 A AR AR BV A, 4 0t
CYP 50 il 1 355 M 7= A 52 W0, DT 52 W Y6 97 808 580 A=
PFEET . B AR SRR B PE B R )|
BRI AL TR 25V R AR R Bz . AR
SR S A A R ) R BRI S R
WFoE . SCUn 2 SR B, 018 )11 25 e X /N U I rp i
CYP3A11 .CYP2D22 i1 CYP2EL {35 M & 2235 0 b %
S, X CYPLA2 259y i i o4 .mRNA DL K
EHRBEAFEFEN.

IEAERE  AFFE N D1 X 200 B €6 28 1 4% R 2R AT T
A, RIKFHR 4 CYPIA (2B 2D 2E 3A 4A %K
W B 323K 32 5] NR 40 PXR (99855, NR & —
MR M B AR 1 3 S R T, LR IR T AR SN A )

JRRT 5 SR KT B L PR kT 4 Pl 2 A VE T L
AHR {8 CYPIA ZKJ4 () # ik, HNF4a 32 25 45
CYP2D22 fY /K 5 PXR F 2 #36 CYP3A S5 #4 &
PPAR« (1% CYP2E W 894" ¥ Z k& W) %) CYP
B 1 A 55 VR R NR A9 ik, A SC
HE— 2 BFSE T 2R )1 2 8 % CYP3AL1, CYP2D22 .
CYP2EL #l CYP1A2 Je 4R 3B msm . 452457 d
J& AR ) A e 4 X CYP3AL1 CYP2D22 HI CYP2EL
HJE 4 F PXR VHNF4o  fll PPAR« 13235 TG I 3 748
b (BERIR )= e nT DL 8 AhR ik, X —g5 R 54
TR )1 HE%T CYP3AL1 CYP2D22 .CYP2E1 F1 CYP1A2
MIVER—3

CYP1A2 7ERTBUREY MRS b & ¥ T EHZAE
L EMETE S5V 2 259 097 80w 1 DL K — 26 i
1) Ty AL BE IR G, S AR S 5 259 1) A 1Y 3 0
B, 3N AWR MBS B R & Wi A4t 5
HEHTEAERS Bk s _RikELS
CYP1A2 Ji hFIX i i e S e 25 G 0 a5 25 6, AT
PAHT CYPLA2 %% 5%, i CYPLA2 (93R35 i 355
PERIT™ o SCb 48 L W1, Eh R )11 25 e X /) U i v
CYPLA2 {EPEF XA FEH, AR ] 62 R R i )|
i AR 9335 8,

EFFEASLLS b RGP mRNA 5 85 (KK
DU ER R )1 E et /N U 25 AR e i 52 e . 45 2R R
I e X /N BUK 9 OIF CYP2EL, CYP2D22 .
CYP3A .HNF4a PXR il PPARa %7 B 5 M5, (2
XF CYPIA2 W is A o5 54, sk A FHAR 7T fiE &
IR E e A ARR K T fE#E CYPIA2 KK A
Ko ASVRBZH F ) e B0 255 ) 0 0 v RT LA
CYP1A2 KAl CYP2EL ()3 3k , H 32 2L il 43 )F 5 %)
CYP2EL Jif i .mRNA K i [ 3R I8 #F H A 10 2% 10
VERT, 45 6 A S0 25 5, 40 = 25 4 2 0% v 58 W Y
CYPIA2 5 e B2 th$h M )1 55 e = A=

CYPIA2 fiff 78 b ) &% & I T CYP3A Hi
CYP2CH™ J&: ZBREFEMY ARIR PG T AR vk bk 55 e |
PIBKIE | 20 TR e | — Tt 4% B 4 19 24 ) 3 AR
B RN ER R )1 R 1 X S 2 B 1l FH I 5
F B Z ] BR ARV A A BAE o (R SCHR IR
i, RN E X AU /& CYP2ET [ CYPLA2 45 32
B A TSR e B xR BUA
SMIFANAE CYPLA2 TG AR H R 1) 25 s %t
K B OR& CYP1A2, CYP2D6, CYP2EL [HREIE A
SR, TR AT LA S/ B CYPTA2
ek (E A A DS (H2ERTE 0T
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TN XRVIANE B s YRl | 45 24575 50 % 45 25
WAEN R AR YR AR . e RIT S b 240k
CYP g2 b 75 45 i PR g6 R B ik

(1]

B2 3k
B, F A BT AR R s T 25y
FIECAAMARDTFELT ] AR EEOR- b B2 25 AL SR
5% ,2008,10(5) ;25 -28.
ZEIGET KB AR. CYP s MR SR AT ST S [T].
Hh [ i R 24 B2 SR 7 2, 2008 , 13 (8) 1942 - 946.
2Rk, R X 230 1S B gy B 24 PR E
JELT]. B2 B [ 24,2006 ,17(7) 11298 —1299.
FHAR BT 25 R PP BE S5 5R YT SRR SE 70
BEAR WL EE [T ], v BE 45 A 2 R 3K, 2006, 13
(3):191.
TR SR /N B2 A S P AR R
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