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An invitro study of hepatotoxicity induced by valproic acid and its metabolites
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[Abstract | Objective To confirm the hepatotoxicity of valproic acid (VPA ) and its metabolites (2-propyl-4-pentenoic
acid , 3-hydroxy valproic acid , 5-hydroxy valproic acid ) on human liver cells . Methods Cells were divided into control group
and VPA-treated group . The control group was conventionally cultured while the VPA -treated group was treated with valproic
acid and its metabolites . The rate of cell proliferation was assayed by CCK 8 protocol. The mRNA levels of CYPIAT,
CYPIAZ, PCNA, Bax and Bcl-2 were measured by real time PCR . The correlated protein levels were measured by Western
Blotting . The activity of LDH , AST and ALT were also detected . Results Compared to the control group , with the increases
of concentrations and reaction time of VPA and its metabolites , the proliferation rate of L02-cell was reduced , the mRNA and
protein levels of CYP1A1, CYP1AZ, and Bax was increased , the mRNA and protein level of PCNA and Bel-2 was decreased ,
AST, ALT, and LDH were also elevated in the treated group . Conclusion Valproic acid and its metabolites were positively re-
lated to hepatotoxicity .
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WyaheEit B A% B 3 ARIhERE 400 &1
FHECRLA B ARH  P A 332 BE N R (3-hy-
droxy valproic acid ,3-OH-VPA );10% ~20% &
CY P450 Jilg /- SR ACHH AR W) 2y 2-78 F4-
TR (2-propyl-4-pentenoic acid ,4-ene-VPA ), 3-
OH-VPA [ 5-32F N AR (5-hydroxy valproic acid ,
5-OH-VPA) ;5000 F1 IL AH PR H R — iR i 400 it
WA (UG TORYRAAE A TG v =
ABFFEIESE VPA JF8ETES H A SRS C 1
H d-ene-VPA REIE I INHIZORAANR Wi RR 1Y B4k
I BB AL A AR 5 A DT RS2 A HR £ 7
FERAR ML AR 119 B0 S8 F0 R g 0k 1 7= A JF g R
J& ARWA 3-OH-VPA K 5-OH-VPA 5JF#EPER
FHICSCHR PR AR 5256 =255 VPA K 3 MR
J7Y) (4-ene-VPA [ 3-OH-VPA il 5-OH-VPA XA
AR NIEE 20 L 102 3458 15 1 KT JH-20 it 453 475 48
ABPRAYFE

1
1.1 ME BHEEOHLGSI0R ,FEE eppendrof 24

A VMO (GEE Thermo AR M
FE#S (T2 E eppendrof 28 F] ), Real time PCR {¥
(TP800 ,H A TaKaRa /A F]) ,F&IK (TS-2, H Ak
JR) S HL B A (EPS-300, [ K AE ), #6 B PCR 1Y
(TP600, H 7 TaKaRa 2% 7 ), 3 %! 3 B A, Pk Al
(VE-180 , IV KEE) AL (LIDEYO (fERE ),

1.2 #H&E5&A  VPA (5. FIASC, 4.
98 MW AR L TAHBRZA L 3-OH-VPA Git5.
I-TVPA-92-13 ,4[ & . 9870 ), 5-OH-VPA (It 5 1-
TVPA-149-5, 4 £ . 98% ), 4-ene-VPA (Hit 5 ; 3-
XAL-91-4 4l .98 Y [ 248 258 (k22 i 2y
AL NIEH FFANAE 102 (rp [ RR 24 B L1 40 i A= 9
BT R LY (FBS) AR 773 K2 Trizol 877 (4t
= .15596-018 ) A £ H Invitrogen /N F)L,CCK-8
VW (5 . CKO4 , H AR TR AL ), i 4% S il Re-
verse Transcriptase M-M LV ({it5 . D2640 ), Oligo
18 Primer (Jit'5 :D511) ANTP ( #t*5 :D4030RA ),
Ribonuclease Inhibitor ( it 5. D2310A ), Takara
SYBR Premix Ex Taq(i5 :DRRO41A ) &5 FHE 4
fitf (AST) SN (ALT) LR E 8 (LDH)
I & (Abeam 28 7)) 40 L 2R 4R G & Gt
45 .78501) £ 1 'R & (b . 23227 ) 1 ECL
KIERF B S 32106) 340 [ 3£ F Pierce A ,
YL 1 Marker (Htt 5 ; P77008 , 3% [ Biolabs 2
7)), PVDF i (4t 5 . IPVH00010, 3£ [ MILLI-

PORE 5] IR VK LR34 R o pval | et
Aok al (FEE Merck 2AH] ),

2 FHik

2.1 LO2 waf3sii B i3t JHHELE VPA K
3 AR P ¥ (4-ene-VPA . 3-OH-VPA Hl 5-OH-
VPA) 43 il B B ¥k BE i 50, 100, 200, 500,
1 000 pmol /LEYHHE™ B 4 CUKAEMRAE A . B
PR A 102 20 it , 8 B 41 i %% BE & 5 X
10" A4~ /ml A0 E] 96 FL 20 M % 5% M L AL A
100 ] UM L35 24 h 5 & 10% FBS () RP-
MI-1640 3575 57E 37 °C ,5% CO:2 44 R g% g
HANRLE FIG SR SR A AR R EERY VPA &3
A=A T 0 AT 3 FL, B3R 24 h
JEIMA 10 pl B CCK-8 ¥ AL 4 h J5Ab3E ,
FHEEAR AL T 450 nm T WE 1L A WO6 EE
A, B VPA K 3 MRS 500 pmol /L
T LO2 4 AR Z5 2505 ] i (12,24 48,72 h)
JIA 10 pl () CCK-8 ¥ I 4 h JeAb3E il e &
Ly A 1E,

2.2 Real time PCR #0 LO2 4287 mRNA 4%
221 LOZ 40 E mRNA AUHREL RNA ¥ 4l
JE R TR AR SEEAL A 500 pmol /L %) VPA
Ko 3 AR =W o BRAL R UG % L 24 h SRR BS
FW L 4 CHA K 2 ml PBS VRSP & A
1 ml 4 CHIAH Trizol 50 , LB 2 THEOE
RO SIS I AR BUE mRNA, it
LEHUMIEIEEEHE 260 nm F 280 nm K T E
oA A FREL 2 1l RNA SRR 100 A5 1t
TN RN A W2 >R FH B BEHRHEE I i K ok 3 1 43
Mot e SRS E RN A [T,

2.2.2 PCR &M H % % Reverse Tran-
scriptase M-M LV (D2640A ,Takara YT A
B eDN A (W 254 .70 “CR W 10 min »iRGH7E 7K
2% 2 min) ARZEFC 05 S5 RN SO SR
42 CAEEIN 1 h 70 “CARR N 15 min J5 oK E¥%
HD A= E T —20 CURFEGAE., FIH Real time
PCR £ LO2 40 g 1 B Beta actin, CYP1AI,
CPY1A2,PCNA ,Bax X Bcl-2 B RNA &AsqlL,
SCBTE B PCR XA 5 #1)F5145353 M beta actin (NM
001101.3), CYPIAT (NM 000499 .3), CYP1A2
(NM _000761 .4) . PCNA (NM_002592 .2),Bax (NM
138761 .3)F1 Bel-2 (NM 000633 .2) . 7E A X & &
(relative quatification YR SE 86 5, LA B-actin mR-
NA VB X} B, 38 5 18 20 B (B (C {8 347 808 43
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BB, 00— P s A 2 PR Fs
B3 59 M Beta actin (1 ¢ 1 000), CYP1A1 (1 :
300),CYPIA2(1 : 500),PCNA (1 : 600),Bax (1 :
200),Bel-2(1 & 500) HH B M BEAR YR 1156 |
11% 11% 1196 (129 (12% J&eJm Ak 2R &R
I R 5 I A BT AR K FE (L

2.4 L02 s bk AST.ALT.LDH #& 1
el SZEAH AN 500 pmol /L ) VPA K 3
A= T 10 0 B G SR .24 h s R IK
FlE R ENE AST . ALT . LDH A&,

2.5 HIEHHAIE RH SPSS 18.0 ST

BBl 2R P 3R AR 25 (e £ )R
SEH TN R T 200 A0 WE R BT A
(6] Dunnett-t &% , P<<0 .05 N A %2 X ,mR-
NA FXF &Rk 4L L K, P<
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3 R

3.1 VPA R 3 AR =2t 102 2m e 78 & 6g
wre AN TSI S A AR LG L LO2 4i i
()1 B 3T 1 32 AN [ R BE 0% 300 k4B L e 5-
OH-VPA 1 500 pmol /L 2H 5% HBZH Y A {H L%
B2 S (P<0.05),1 000 pmol /L [# VPA
Ko 3 AR =4 L S50 A {E I B 3%
P22 (P<<0 .05 ) s AN [ ] T % B2 55500 AR 20 AH
FE 102 S B4 38 5 5 4 e 52 ) A ) 2 B A 410 i) 1
1,48 h B} 5-OH-VPA 19 500 pmol /L 415 %} HE4H
M) A BB BEM 225 (P<<0.05),72 h i} VPA
B3 AR = A A S50 Ry A (A B3
25, SRR R 2,

£ 1 COCK-8 EMNZGHIREXT 102 HBEEMERIZN A . x£s)

29 H e ( rmol /1)

24 4
50 100 200 500 1 000
S
VPA 1.35040.093 1.33240.120 1.22740.161 1.20440.163 0.97040.118"
4-ene-VPA 1.4560.059 1.38840.115 1.35340.071 1.26540.089 0.99740.127"
3-OH-VPA 1.46940.055 1.35340.069 1.24340.136 1.11840.088 0.98240.127"
5-OH-VPA 1.18340.175 1.13340.097 0.9754+0.143 0.866=+0.105* 0.63140.087"
Xof B 20 1.38340.214 1.38340.214 1.38340.214 1.38340.214 1.38340.214
¥ P<0.05," * P<<0.01,5%f MR 4H FL 4 (Dunnett-¢ 56 )
F£ 2 COCK-8 ;&N FAZOREIXT 102 4ARaiEHERISIME (A .o £s)
257 (500 pmol /L)
215
12 h 24 h 48 h 72 h
LY
VPA 0.339+0.066 0.5794+0.075 1.204+0.163 1.40440.149"
4-ene-VPA 0.343+0.035 0.616+0.103 1.26540.089 1.59540.159"
3-0H-VPA 0.331%+0.060 0.614=40.100 1.11840.088 1.33940.185 *
5-O0H-VPA 0.309+0.054 0.58340.068 0.86640.105" 1.055-+0.183"
Xif B 21 0.34640.053 0.626-£0.063 1.25740.206 1.70740.109

©Pp<0.05," " P<<0.01, 5%FREZH HAS (Dunneti-¢ K56 )
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VPA #4Hf% CYPIAL 1 mRNA #HXF & &, 3-0H-
VPA #4115 5-OH-VPA ZHAY CYP1A2 f) mRNA A
X} &g J 5-OH-VPA 411 Bax [ mRNA FXJ & &
5%t R L XA 2 P22 5 (P<<0.05)  Hiqyst
IR mRN A ARXT 2 5% B AR e oA T T s
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#2538 ok A R 0 1R & A N S R 4
(VPA B 3 MR =9 AST ALT X LDH ,Jf
53X R L = T SR8 B Ferp 3-
OH-VPA } 5-OH-VPA 5XFREZAIAH LA o 52
F(P<0.05) 45 - EKBATE 500 pmol /L I ,VPA J

P<<0.01,5% M4 th#g

3 MU= 102 IBA R FE AR SR 4.
4 it

CCK-8 & 2 o I 22 A plg HY 2% 47 1 e of (1)
F2 R LT A S SRR I A Y A {5 A M
WAEH AT DL VPA J% 3 AR =4 %t 1.02 40
WA P2 BE LR FH Dunnett-t A6 56 525 20 55 % 8
M2 ARSI R CCK-8 ZLillE VPA J 3
AR =YX LO2 20 J 3458 () 5% ) L 25 3 R L Bl
H VPA F 3 AR Ypvk B2 G hn ] Lo2 46
O v Ve A g, o 500 pmol /L ¥REEF 5-
OH-VPA 4151 000 pmol /L& F 4 S2 36 4H 5 %f
M2 A (LA W T2 7 (P<0.05) ;7EANIH]
BFE]R L VPA B 3 AR 4 T A ) e A, AT
il 102 20 B 458 JE 36 PR B L 45 SRR VPA J 3 A4
PR HA — 2 B4l 102 i e i I
IR Ay s TR AR A AR o A 2

mRNA FHXT 5 SR R S e v S
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il JeAL beta actin CYP1A1 CYP1A2 PCNA Bax Bel-2
VPA 1 1258431 427060 332480 799190 315116 618004
4-ene-VPA 2 1248130 539932 367549 559626 406739 515897
3-OH-VPA 3 1349236 535596 588543 518023 501495 473001
5-OH-VPA 4 1330257 993413 928477 307106 930081 278157

X B2 5 1192064 253207 107878 1151403 121461 635710

Fz4 VPA K IANRIG=HIT 102 40
AST.ALT % LDH By &40

15 AST ALT LDH
(mU /ml) (mU /ml) (mU /ml)
S
VPA 59.09414 .87 52.48417.01 24 .45+4 .98
4-eneVPA  51.85+£13.91 64.80419.09  12.6145.33
3-OH-VPA 83.21437.63* 88.27421.39" 30.40E8 .46~
5-0H-VPA 97.31412.28* 248 .24442 55" 59.82+13.30"
X JE 20 41.1247 .18 37 .454+11.01  13.43+5 .41

* P<0.05 ., 5%} BE 4 B

Bel-2 J Bax ) mRNA AHXT & AR VPA K&
SR rxt L02 A FE/EH .CYPLIAL &
CYPLA2 ) mRNA AHXT 5 &34 70, i 4 oy 42k
TR A 22 4 Ak R o A RS AR R i
MR 5 | S A S I, T R 4R A bz A g R 4 IOk
K BN RRSS #a) 2 A AR Ak A0 L R a7 1 3 e
UMM IR EE AT R VPA K3 MR
PRI I AR AT — 2 A E VR
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Wi & AR AT E s X 2 102 iz
it AN ARG AST ALT K LDH 234Nt ,
SEASME SR AT T DG I E L2 41
W ASTALT M LDH K s Bedn fg id 56 3%
PE . VPA BURTERE S HACH =) d-ene-VPA A
FHT Chen S5 WFSE BoR AFIhEFE AR AST
ALT 5 4-ene-VPA ¥ 17 7€ 3 IEAH X L 4-ene
VPA WA LU T 7% VPA BFER1E & A JEASE
grp S ) AST VALT K LDH 5%} R ZH A1
FeIA BF T e, B 3-OH-VPA 411 5-OH-VPA 4
W EEER SRV VPA BIFEEES VPA &
3 AP BEAR G

251 VPA S 3 AR XA A IE # - 4H
Jfl LO2 A3 AE EA — e IR T 28 B0 A Ik () 44 i

PRI BE A L HL R AS 7R R M AR F/KSF b5
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VPA K 3 MR-yl F s i AST  ALT
LDH fJ3% J1 3878 VPA PSR A4S VPA A Y
R AR = Wy 0 e BE AT O L DR e S s T VPA R
AR = W 1 100 24 e %o T B I i A ELA L
B, FEICELAE AR ST B R D) E#E S LC-MS/
M'S I WEING B 1K VPA K 3 AR =9 i)
I 23 i e | AT LR Ll IV PA
Ko 3 ARy ) i 245 v B R 4 b T I B AS
RSN 1 & B R R VPA SR
Il R A B 25 1

[&%30Hk]

[1] Ghodke-Puranik Y, Thorn CF, Lamba JK, et al. Valproic
acid pathway : pharmacokinetics and pharmacodynamics [J ].
Pharmacogenet Genom 2013, 23(4); 236-241 .

(2] HWE A 2T RERAEAX cYp2cly A
Z A VEACIIN SBILIR N B 50 A Bt 7 SR E (3], s
SRS AR ,2015,1(5) :49-52.

(3] BR .5k B1. POBERAH S8 novh T B (0], Hh
2y 5l IR Z4 7% ,2015,34 (6);405-409 .

[47 Schmid MM , Freudenmann RW , Keller F, et al. Non-fatal
and fatal liver failure associated with valproic acid [J]. Phar-
macopsychiatry , 2013, 46 (02) ; 63-68 .

[5] Nanau RM, Neuman MG . Adverse drug reactions induced by
valproic acid[J ]. Clin Biochem , 2013, 46 (15); 1323-1338.

[6] Kuzniecky RI, Barkovich AJ. Malformations of cortical de-
velopment and epilepsy [J]. Brain Dev, 2001, 23(1); 2-11.

(7] Zpk RO HEmm Al 45 . DY IR A AR 245 1R 3l ) 2 B 5
JELI]. SEHZ 51K 2014 ,17(3) :345-349 .

[8] Leppik IE ,Bimbaum AK . Epilepsy in the elderly [J].Ann N
Y Acad Sci,2010,1184 ; 208-224 .

(97 WiFdte e~ BRITHE AR BRI 2540 3 2 1 F 9 R h
R[], 8 AR RS 2015 ,36(12) .14 .

[10] HRKZ,EEHN. WIKBRIILZHEEMDFR R, WETE
i sEd ,2010,32(4) :31-35 .
(1] Ao 228G £ H5 3. BB 285 N IR 1 25 9 405
(3], h E 25K 2k 12007 ,16 (4) ,241-244
(F#% 53 1)



2SR 2017 4F 1 ] 25 HAE 35 B4 1 )
Journal of Pharmaceutical Practice ,Vol .35, No .1, January 25,2017 53

2 PIX53#MARBKER PTX
R HY ICs {H (48 h,n—=06)

SD SD SD

PTX 6. 55% 7.30% 8.95%

ICs0 (prg /ml) 8 657.44  25.81 7.77 0.88
4 it

AR A AT 3 RO EE 43 R 6. 5500 |
7.30% . 8.95% Y CHSB, I F| F i85 Mt 7 il £ 2%
PTX-CHSB 44 K Wi ki, 44 K Wi ki 7 35 5 L 5%
(TEM ) ULEE 2 3 RUBRTE |, & 3O B2 43 M X
(DLS) G I B URRAR S A A . B2 ik M A 3
K5 b IR S SR EmE L i R A — 2 1
KR AEBUCE N 73000 2 SRRk,
Ay9R 17.72% F1 72.06% , £E DSC FA[LIF 24
Y TR SRR R IR A, TE
TRAMBECL I T B G AR R R I T —E R
AETT R BEIG: HE RS MR GRS T s 2 )
B B i A Kb TR N E T AR, iRAh 2
RFEE R R ik FH B B A B i A ) &
Sk T A B 2824 0 K o IR A AT — 2 R
YitieJ . BL5 RI B 25 s WA Ll R TR
[ A T 3R 25 AN A T T 25 5 W A M P L

ARSI DA )2 SARSDATRIE R B 58 T Bk

AP B S B B2 AN KL A L ) T
Ak M 25 1 R R BT S AR G T —E Y
B,

(&3]

(1] Fhakse bbb sk B 5% . AR or R st )] & F
2,2009,30(3) :296.

[2] EeWih, B XIAmeR A6 0 S BESREAmE L O X 2R 0 ) 4
SORTRARPE TR T ] 25245282 12013 ,31(3) :220-222 .

[3] ®EAM X W EHME A . JFUR AR X ) e 24 K otk
JSEHCARBE YR [0 ] 22 SE B AR A .2015,33(3) :221-225

(4] #3C8 . Bk 6 22 20 R H 20 256 480 25 90 K okL i BF 5T
(D] .Abat AL ETPpFIEE 2 B ,2009 .

(5] Z & . MO s R R TP R T A 22 0 A 4 B SRR AR T 1 )
o LA AR A DU 25 W Bk B FE (D ] AL 5T .o [ B A B
K2%,2010.

[6] Gupta PN, Jain S, Nehate C,et al .Development and evalua-
tion of paclitaxel loaded PLGA :poloxamer blend nanoparticles
for cancer chemotherapy [J].Int J Biol Macromol ,2014,69 .
393-399.

[7] Thomas RG, Moon MJ, Lee S .et al . Paclitaxel loaded hyalu-
ronic acid nanoparticles for targeted cancer therapy : In vitro
and in vivo analysis[J].Int J Biol Macromol ,2015,72.510-
518.

(Y HEA] 2016-08-27 [MEEIHHI] 2016-11-08
[(AxHmE\E] Wik

(E#F 47 7))

(127 6/ 58 A R oF . TR i AU RR fiE 5 JFC I 2 4 A AR
KPELN]. B2 BEAe A 12013 ,33(19):1611-1614 .

[13] Surendradoss J, Chang TKH , Abbott FS. Assessment of the
role of in situ generated (E)-2, 4-diene-valproic acid in the
toxicity of valproic acid and (E )-Z2-ene-valproic acid in sand-
wich-cultured rat hepatocytes [ J ]. Toxico Appl Pharm,
2012, 264(3) . 413-422 .

[147] Kiang TKL, Teng XW , Karagiozov S, et al . Role of oxida-
tive metabolism in the effect of valproic acid on markers of
cell viability , necrosis, and oxidative stress in sandwich-cul-
tured rat hepatocytes[J]. Toxicol Sci, 2010, 118 (2); 501~
509 .

[15] XUEMEL . CCK-8 ik MTT Byl G n £F 4t 40 H 1%
PERYHCBBTIELT ], B2 BT .2013,10(2) :12-13 .

(167 RV o W o , e e L &5 . 1 AR A1t DR X A E 5 4
Ji LO2 WY REVE K AL BF 55 [0 ] o = P 25 255, 2013.38 (6)
866-870 .

(177 E A EHATsE B 45 D9 SRR T 2 1 A L S0 T % 9t

BFFOIRBLLT ] i R 25 B2 4 L2015 ,31(2) :150-154 .

[187] Abarikwu SO, Farombi EO , Pant AB . Biflavanone-kolaviron
protects human dopaminergic SH-SYSY cells against atrazine
induced toxic insult[J ]. Toxicol In Vitro, 2011, 25(4 ), 848-
858.

[197] Lee MS, Lee YJ, Kim BJ, et al. The relationship between
glucuronide conjugate levels and hepatotoxicity after oral ad-
ministration of valproic acid[J]. Arch Pharm Res, 2009, 32
(7):1029-1035 .

[20] Chen Z] ,Wang XD ,Wang HS ,et al .Simultaneous determina-
tion of valproic and 2-propyl-4-pentenoic acid for the predic-
tion of clinical adverse effects in Chinese patients with epileo -
sy[J]. Seizure ,2012,21,110-117 .

[21] GaoS, Miao H, Tao X, et al . LC-MS/MS method for simul-
taneous determination of valproic acid and major metabolites
in human plasma[J]. J Chromatogr B Analyt Technol Biomed
Life Sci, 2011, 879(21) . 1939-1944 .

(WeFsEEA] 2016-05-31 [fEEEHI] 2016-09-29
[(ExmiE] Wi





