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HE. BRY 4K A R ER A A 5 R A 3 AT 4a ey B MEAE R R AL TR g E AL . AR B e
# HepG2 A A& K BR 40 Ao B K840 0.1, 0.3, 1 23 mmol-L~" 325 24 h j& ,MTT Ml 2 HepG2 #4 4m i,
B s A SR AN A R R EE 41 0.3, 0.5 2 1.0 mmol-L ™" 4F 1 HepG2 #m AL 24 h, & BRI BA 5 M 2 3 ik b SLBR
Jit 2.8 (LDH) /& W, UK R 2 33 0 ik o - R 45 2B (GPT) Ao 53 45 2B (GOT) 7 b 5 AR R BR 4 Fo 7 %,
BR4M 62.5, 125, 250, 500 F= 1000 wmol«L~"4E A 24 h, 528 7 %1% # % B 4848 R w RT-PCR 0| & 40 e &,
# P450 %7 P CYP1Al mRNA F= CYP1A2 mRNA fiked T, SR LHIE A Bk, R f iR f= 5
MEE40.1,0.3, 1 F23 mmol-L™ ' ¥ 2 F 4| tm ity A% (P <0.05, P<0.01), A EREIRBE FZ, W
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1.1 Z& I Fn{Las

JH IR HepG2 H VG 42 52 38 K 2% & 27 Bt 26
— i I = Bt A 36 P I e A3 L s RPMIT 1640 % 55
B B Gibeo 24 W 5 B A= 4R LG W B BT DU 2= 24
A s BEME EE (MTT) 1 = HE AKX ( DMSO ) 1y H 3% [+
Genview A w) s NI TR BN, 4EEE =98% , g H 3£
Sigma 3 F) W R AN, 2l =98% , HBEVE K A%
2GR TIT A BRTTAT A vl it , FH 50 DMSO %
iz 2, INTIC 3 15 3R LM AL 0. 1 mol - L™ (1Y
it 48 ¥,0. 22 wm JEFR L UEBR A, — 20°C AR A7 45 H,
(oIS FHJC LT 455 9% S5 ¢ 2 i 2 (DMISO 2%
W <1% ) ; LDH 5 3050 &0 [ me st A=) T
FEOFFEHT ; Qlagen M48 RNA 2 Il & | 1 % s il
# & Rever Tra Ace-o-TMH1 SYBR PrimeScript™ 7¢ 6
BN & A € Sigma 2 A, SE I E B
RT-PCR A J B CYPLA1, CYP1A2 Hil [N £ 3
GAPDH5 | ¥y FI 5[5 ABI 4+,

ND-100 2845356563, 98 [ Nanodrop 23 ) 5
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7900 SZHFEEEAE B PCR A, 3% ABI 23 f]; FA210
48 BIHFREEROF, LRSS 5 CO, 555740,
ZE[E Thermo 723 Al 5 8] & Wi 8% , H A Olympus 23 7
960 4= H hfilitRAL , £ [E Meterteoh 23] ; CL-7150 4>
H Ak i, HAH LA,

1.2 pakEss

HepG2 4l 15 3% F RPMI 1640 £33t P&
10% 3 A= 48 1 3% . NaHCO, 2 g- L7' 5 % £ 100
U-L ' F4E252 100 U-L™' 37°CH15% CO, 353546
TR R, 20 AR A F R A K 0. 25% B T
1£,0. 4% 4k H i (trypan blue ) e {451k 52 41 Ji 47 1%
F=95% It E A H .

1.3 MTT %£#0 HepG2 AfTEE

OSBRI HepG2 4t il 25 4 HfLA2 I, IR 4L 4
s Ay 3 x 10" L1, 4541 6 x 10° NIRRT 96 1L
B, BEFL 200 wl 4HAEAEE . 37°C Hll 5% CO, #5557 48 h
Jei AN TR e 2 118 LT 3 M R AT 3G TR 7 T
180 wl, 24y B /35117 0.1, 0.3, 1 13 mmol -L™", 44>
WML 5 DAL, RIS AL, 155824 h
Ja  BEFLIA 20 pl MTT 3RS g- L7 4k2rd 3%
4 hjg, BfLIMA 150 pl i DMSO, 7843 9k 3% 1 2
10 min 5 BEAR ALK 492 nm ZERGIN S BE A,
1B, £5 W B2 2 BOF- 1A, R4l Ay, (E TS 22,
IR (%) = (WA Ay, — LR H Ay )/
X HRA A g o X 100% o DL B X 5018 A B A8 A
IR IR AL A, 2 il v B -800 h £k, T
LD 3G TR B TR S 0 %) 2 5 il ok B2 (1C )

1.4 HepG2 HIZHFRPIABRIB . ARHER
MmiMSEEIEEENNE

BN EAE K HepG2 44 i il £ 41 L B, 1 3%
MR 3 x10° L1 4341 1.5 x 10° A 41 g 422 Ff
T 24 fLAR, BAL 0.5 ml 4B W . 37°C, 5% CO,

TR 48 h 5, A BN AAS [E] v B i S0 3G ER £l AT T
ICEREN AL 0.5 ml, 2R BE 433 0.3, 0.5 Al 1
mmol - L ™", ANV S 5 AN FL, ] B 5004 751 X
flo 3555 24 h JEWCE ARG TR, 4% B0 & iy
£E U B &2 LDH 3% %, GPT fi1 GOT i ¥ th
CL-71504 F S A4 B3 22 .

1.5 SZAf RT-PCR % # il HepG2 CYP1Al #n

CYP1A2 mRNA %%

ORI HepG2 4 i il £ 41 Af B, 3%
AU R 3 x10° L1 4340 3 x 10° 440 $2Fp F
24 FLAR, BFL 1 ml 40fH0E . 37°C 1 5% CO, 557
48 h J5 43 I AN ] e 5 114 BUPR 13 R 4 A PN I PR
BRI 0.5 ml, &y B35 62.5, 125, 250, 500

11000 pmol - L1, &AM B i 4 AN FL, IR BF i %
FIXFHEFL, 1595 24 h J5 USRI, S IR UL 5 0k
AR IR RNA, AZ 2 0 5 A A P 4 260 nm Fil
280 nmillE W IERE Ay Al Asgy, LA _EIR B RNA g bt
M, W% Si S I 2 MR Uk B S B 28 SR 0 AT RN, 3R
519 ¢cDNA - 20°C f£ 17, CYPIAL 5|4y IE [1]:
5'-TCC GGGACATCACAGACAGC-3', % [1]: 5'-AC-
CCTGGGGTTCATCACCAA-3', CYP1A2 5%y iF [f] :
5'-CATCCCCCACAGCACAACAA-3', J% []: 5'-TC-
CCACTTGGCCAGGACTTC-3', P % 3£ ] GAPDH 5|
#J . 1F [7] : 5'-AGGTCCACCACTGACACGTT-3", ) [f] :
5'-GCCTCAAGATCATCAGCAAT-3', % W& i 0 5%
€ PCR BT, EENGAIEATY 1Y . o 1 ik ith 2 e
¥, BT 0. SC RGN — R 565 T 1H. |45
IS B h A R 2G5 5 B A 1 B{E I BT 28 D7 9 706
B (threshold cycles, Ct) {H M % i<k, A
FEAR 3 ANH A, [ i 15 TO R AR B 1 X L
PCR J=WVEda il th Ze 43 Fr. B By SEDRUAR X 3R 58 i
KA XA Ct 32 HEATA0T, B35 R R 23k
R SN ACt: gy FT AC gy
A3 )R S 06 4 N R 4 G 3R DR R PN B R I 2
1.
1.6 SHitFEoH

SHLERBIG LA & x5 T, Gt E bR
SPSS 13. 0 4 Ab B R e i 47, B EC 3R FH B A
#7223 87 (one-way ANOVA) J5 iy LSD 65,
LI AR« K50 .

2 #R

2.1 WAKXERHFIHXE AT HepG2 YHAETEE R
=AU

MR ERN AR E4 0. 1, 0.3, 1 13 mmol L™
Y5 FH HepG2 41 24 h Ji , XF HepG2 #7735 ¥
BT RFEIFEEE A E] . s 1 R, S iR
AHEE, XS G B2 B AN I R 4 0.1, 0.3, 1 Fi1 3
mmol - L ™" 21 %F HepG2 4 47 775 47 H BT W &8 (1 17
il (P <0.05) ; Bt 25 XLPN 1T 4 F1 AT G 2 0 vk 5 1Y)
B, 259 B A PE I ] HepG2 4 fLAE TS . XL
PRSI R P IS 2 M 1) 2 50000 ol vl B 1G5, 43 5 R
33.17 F1 20. 72 mmol - L', & B XN 1% 2 44 %
HepG2 21 a2 14 K F 14 R EN -
2.2 WHEXERINFI A K ER A X HepG2 ARt 37 i
P BB S . A EE SIS R SEE RN

F T2 Wr, HepG2 40 g o 43 51 im A XN
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Fig. 1 Effect of divalproex sodium and sodium valproate
on HepG2 cell viability.

£1 WHEKEMNY HepG2 MAEEFH D I B S B8
(GPT) BFEHAM (GOT) AN S E (LDH) FER
A
Tab. 1
transaminase ( GPT ), glutamic oxaloacetic transaminase
(GOT) and lactate dehydrogenase (LDH) activity in the
cell medium of HepG2 cells

Effect of sodium valproate on glutamic pyruvic

XN TR B4/ GPT/ GOT/ LDH/
mmol - L™ U-L™! U-L™! U-L™!
O(YAKINIHE)  12.0+0.6  3.02+0.08 748 +23
0.3 13.5+0.4" 3.24+0.05° 875+31"
0.5 15.5£0.6™ 4.24+0.11" 1050 30"
1 19.0£1.2" 4.88+0.23" 1234 +75

KN R E I HepG2 41l 24 h. GPT: A N§E & ; COT: 4 ik
S LDH. FURBLARE. v +5, n=5. " P<0.05," P<0.01, 5
I I A

F2 WKEEIATT HepG2 MAIE R R PIARREE A=
HEmMaNESEEEN N

Tab. 2 Effect of valproate sodium on the GPT, GOT and
LDH activity in the cell culture medium of HepG2 cells

i GPT/ GOT/ LDH/
mmol - L™ U-L™! U-L™! U-L™!
OCIERIXFIE) 17.2+0.5  3.90+0.26 748 £47
0.3 19.3+1.0° 4.34+0.11" 883 39"
0.5 22.2+1.17 5.16%0.11" 1044 £76 ™

1 24.8+1.2™ 5.86+0.50™ 1408 £73™

ML FEH 1. 2 £5s, n=5. *P<0.05,* P<0.01, S¥Hx/ R
HIE.

IRERENFAITN B2 4M 0.3, 0.5 F1 1 mmol - L' 44k 35
7% 24 h J5, 85500 GPT |, GOT 1 LDH (3% £ i
FT T A W 5 1R ) 0t BE LA H 25 S A Geit
2R (P <0.05) , H S PR . B G R #h
FIPIBCAERER 0.3, 0.5 A1 1 mmol « L™ {5 21 fifd J5& P9 A
W GPT, GOT H1 LDH #piit, 51 AR 4045 75 40 i 5E
T, $E 75 XU G IR B4 -5 TR I I M X JHF U 240 A 4 3%
EH
2.3 WHIXER KX N HepG2 4 i
CYP1A1 1 CYP1A2 HEERIXH I

W2 f 7w, B 3% 260 504 K 300 09 I 9 20 At
HepG2 5577 H 43 3 Jin A SUPN 32 TR M A TN 13 TR M
62.5, 125, 250, 500 F1 1000 wmol - L™", 4k &i s 3
24 h, BEE 25 RGN, HepG2 4 i CYP1AL
A CYP1A2 mRNA KA B Wi . 4 R M
We BE =250 wmol + L™ B, 5 3 FI 4 B 4 M4,
CYPIAL fl CYPIA2 R FXAFEEWUHA S
(P <0.05) ;1M WA R e =500 wmol « L™,
CYPIAI R IEAAFBEETEH(P<0.01), kE=

O CYPIAl
® CYPIA2
5. A
4 *f
k%
3 g/*!*
(]
D) é/; ok
. sk
11 57//'45“/**
0- —7 T T T 1
@1 DMSO 45 40 35 3.0
% 18¢ 5 s/ MOl L

B d sk

[\S IO I LY, )
H\i

%ﬁg L
1| e=—p——271 =
0 ’_’/

DMSO 4.5 4.0 3.5 3.0

-1g¢ ;5 pmp/mOl L

B2 MNAXBEHM(A) FMAHKEMN(B) X CYPIAL #
CYPLA2 EEFE RIZBIFIME. O IR B D9 I 9 62. 5, 125,
250, 500 1 1000 ;,unol-L’1 {RAMEF] HepG2 40 )i 24 h, CYPLAL F
CYP1A2 % A 32 3k ] 52 i 7€ & RT-PCR J5 ¥ Il €. CYP1A1 A
CYPIA2 [ AHXT 3 PR ik f 2R X ACH 3537k, Horp G 298 (55
SR BEN L DINIEHE. x+s, n=4. " P<0.05, ™ P<0.01,
SRR B L3R

Fig. 2  Effect of divalproex sodium ( A) and sodium
valproate( B) on CYP1A1 and CYP1A2 gene expression.
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125 pmol - L' ff, CYPIA2 £k TF i, A b E 2%
5o LA g5 AR WY, XU IR B R T R TR B
CYPIAL J¢ CYPIA2 BE[N KA R0 A — E T2 1Y
Z:IEJO

3 itig

18 HETH PR 2y b, LOSAN SERR B AT
PCRREN M AR R TN IR IS 25 W) i 2 SR BT R T
) —2259) . FEE AL, B i 2N R (valp-
roic acid, VPA) FPN AR 2L 25, 1983 45 35 [E i
KA R R L T XN R . B VPA s
PR, BRI RN FH 5 TR P3G IR A 1 T 2 R A
LA AR5 14 51 12, AT 5 3508 3 R ik R e 1k 2%
TSP SRR 5 | T /0N, BEATSE PR, B A R
JN S SR T VPA FIN DGR AN A i 770 5 T ) ke
S PR RPN TSGR 0 B S 6] 471 £ P

B 5 HAB N TR 2 25—+, BN IR M o A
TEER R REER AT RETE . A IR IR PR R ,2 &
PLT 9 JLEE AR 2 25056501 TR RO B RS A 3N TG
R AL PR (e ) 2 22 o ARBIFSE 45 SR R B, 24
XU G Rk AN DGR A e 2 /N T 0.1 mmol - L™
Xt HepG2 4 IEAT R0 , 13 B KT 0. 1 mmol - L™
N, A P i HepG2 40 B A7 1% , 2 B XUIN TX,
PR AR — o VR T X At LA B E . 4L
IRk BE AT 0.3 mmol - L'}, GPT, GOT I
LDH Ji& P45 % REZH AR HL B S8 T o, ELAFAE B 3 1 22
5o AIIKRTERFRM, IR VPA & 15% ~
30%1ERZ5 1 ~6 4~ H HEIMLE T GPT, GOT K
LDH 2 FfEE e Th i ) T sSc s mrse 20, ik,
FRENHE >0.3 mmol - L™" B, 47 512l . 4h K B 41
JAB A 6 T eV, ELAFAE W AR 21, L) 4%
SRR LRI PR 453450 42 0.3 mmol - L™ Aif, 14 5 %o
JHF Ik 240 A 460 5 T, 40 M 53 9 bR A5 1 GPT, GOT
F LDH Sttt , 5 A S BE SR AU MAE T o (HIE W IR
PR B 5 | S5 05 (R B 1 AN B A

HUHAREGEIN R, VPA 15 5 (0 T340 02 B 3
FIEAH M, TP btk g-NRM &Mk, F= 5
PRI = B, 5 250 40 i £k A 14 45 # K Th fig S
WU R, 5 VPA BTEETEA SRR NS A
WY, EE A MR PASO B R A2, H
T A ER PASO fif R AT w-A k)2 VPA &
PEAIG =4 7= A5 1) = ZE& AR, AN (6 3 PASO filf R
HH LA i B R PASO AT {8 2% PASO 38 i il e HL 5
FAPEC T A SRR R SE I R, kR 4t R
PAS0 i 5 il 2 35 1) BH S 344 5% ] fE 2 5 fE N R A TN

I T T PR R A LA Z " At R
PA50 Jiff 72 2235 B 0 3458, MURIAR Y - A6 AR, A
=4 T2 0 VPA JF8g vk R = . N
IERENFEIR NS fif Sl VPA, 45— R0 A= W Ak
o, T RAE A 2UR FEH 25 AR . A Y
SEIL K B, WUTN I R B vk B =125 umol - L™ A,
HepG2 ZHffir CYPLAL Fi1 CYP1A2 JE[R A /KB
XU SR A 338 e J3E AR 1 P vy, > U PN I3 e i ke
J& =500 pmol L ™"}, CYPIAT mRNA ik 7KK T}
o 2 FE DAL, AU R AN B =125 pumol - L™
CYP1A2 mRNA AT 1.5 %5 24 N IR 4
W iF =250 pumol - L', CYP1A1 F1 CYP1A2 mRNA
FERKOETHE 2 2 £, LA 85 R, XN R Al
A5 AT REE 1T HE5% CYPIAL Fil CYPIA2 mRNA ik,
SR NG FR A0 2 1 v (B A ™ 1, S B i B
P A . AON R BN AT REVE &tk 5 VPA 5
A 1 JHF 2 P W R AT A (] % 1 R R A5 AR50 4
Pk, BT HepG2 4HA KI5 T N A ML R, 6 T
XU G IR B A 2 R A R T 76 R U At i A AR 2
Y b AsGHE— 2B 09T

SE Ak -
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Cytotoxicity and mechanisms of divalproex sodium
and sodium valproate on HepG2 cells

JI Qiao-li', LIN Rong', SHI Xiao-lian' , MAO You-hua®, ZHAI Xiao-gang’
(1. Department of Pharmacology, School of Medicine, Xi'an Jiaotong University, Xi'an 710061, China;
2. Shaanxi Tiansen Pharmaceutical R&D Co. Lid, Xi'an 710075, China)

Abstract; OBJECTIVE To investigate the cytotoxicity of divalproex sodium and sodium
valproate on HepG2 cells and its underlying mechanisms. METHODS  The cytotoxicity of
divalprox sodium and sodium valproate were investigated using HepG2 cell lines. After HepG2 cells
were cultured with divalproex sodium or sodium valproate 0.1, 0.3, 1 and 3 mmol-L~" for 24 h,
cell viability was measured by MTT assay. After HepG2 cells were cultured with divalproex sodium
or sodium valproate 0.3, 0.5 and 1.0 mmol-L ™" for 24 h, lactate dehydrogenase (LDH) activity in
the culture medium was tested by the pyruvic acid method, and the activity of glutamic pyruvic
transaminase ( GPT) and glutamic oxaloacetic transaminase ( GOT) in the culture medium was
determinated by malate dehydrogenase method. After HepG2 cells were cultured with divalproex
sodium or sodium valproate 62.5, 125, 250, 500 and 1000 p,mol-L_l for 24 h, the gene expres-
sions of cytochrome P4501A1 (CYP1Al) and cytochrome P4501A2 (CYP1A2) were measured by
real-time quantitive reverse transcription-polymerase chain reaction ( RT-PCR) assay. RESULTS
After treatment with divalproex sodium or sodium valproate 0.1, 0.3, 1 and 3 mmol-L ™" for 24 h,
the viability of HepG2 cells was obviously inhibited compared with solvent control group and there
was a good concentration-effect relationship. After HepG2 cells were treated with divalproex sodium
or sodium valproate 0.3, 0.5 and 1 mmol-L™" for 24 h, the activity of GPT, GOT and LDH in
culture medium was significantly increased. With the increase in concentrations, the activities of
GPT, GOT and LDH increased. The gene expressions of CYP1Al and CYP1A2 was gradually
increased after HepG2 cells were treated with divalproex sodium and sodium valproate 62.5, 125,
250, 500 and 1000 pwmol-L ™" for 24 h. CONCLUSION  Growth inhibition is obviously observed
after HepG2 cells were treated with divalproex sodium and sodium valproate. Divalproex sodium and
sodium valproate may have significant toxic effect. The increased expressions of CYP1A1l mRNA and
CYP1A2 mRNA may be one of the mechanisms of hepatotoxicity induced by divalproex sodium and
sodium valproate.

Key words: divalproex sodium; sodium valproate; HepG2 cells; cytochrome P-450 enzyme
system; cytotoxicity
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