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Study on toxicity reduction mechanism of aconitine combined with ginsenoside
and liquiritin based on drug metabolic enzyme CYP3A4
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Abstract: Objective To investigate the effects of aconitine combined with ginsenoside Rb, and liquiritin on the fluorescence
activity, transcription level and protein translation level of 3A4 subtype of hepatocyte cytochrome P450 (CYP450) in HepG2.
Methods The pGLuc-CYP3A4 reporter gene plasmid and pcDNA3.1-hPXR expression plasmid were co-transfected into HepG2
cells to detect the activation effect of aconitines, ginsenoside and components of Glycyrrhiza uralensis on CYP3A4. The expression
of ginsenoside Rb,, liquiritin and aconitine was detected by qRT-PCR and Western blotting. Resluts The results of reporter gene
model test showed that aconitine, mesaconitine, hypaconitine and aconitine 3-acetate could down-regulate the fluorescence activity
of CYP3A4 reporter gene (P < 0.05). Aconitine had the strongest down-regulation ability. Ginsenoside Rb,, Rc, Re, Rg, and
liquiritin, iso liquiritin, liquiritigenin and glycyrrhiza acid could up-regulate the fluorescence activity of reporter gene (P < 0.05 and
0.01), among which ginsenoside Rb, and liquiritin were more up-regulation. At the same time, aconitine can down-regulate the
expression of CYP3A4 and ginsenoside Rb, and liquiritin can reverse the ability of aconitine to down-regulate CYP3A4 (P < 0.05,
0.01). Conclusion Ginsenoside Rb,, liquiritin and aconitine can up-regulate the expression of CYP3A4, reduce the accumulation
time of aconitine in vivo and play a role in reducing toxicity.
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3L B (k5 110720-200410, HLH% 20 mg) - #i
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25k E B A BE s NS R A R, (Hik 5
HG027159198, # #% 20 mg) « A & 2 # Re ({it 5
HG027168198, #i #% 20 mg) « A 2 2§ Re (it 5
HG027169198, #i 4% 20 mg) M A\ Z 2 1F Rg, (It 5
110703-201529, 4% 20 mg) , ¥ H A J= ek
MR A PR A ] H B (5 1468830, MLAS 10
mg) « 5 H B (it 5 1820850, L k& 5 mg)  H &
2 (415 599400, FL#% 10 mg) « H & & (It 5 ASB-
00012290-005, ¥ k% 5 mg) , 4 T b 5 H R A B A
FR A . — HEEIE A (DMSO, 3 [H Sigma A #] ) ;
pcDNA3.1-hPXR Al pGLuc-CYP3A4 J5i Hi 1 A 52 5%
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1 (3£ E Hyclone 24 &) s Xt (A6 5 % 3 F BHE A R
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RNA & B 771 &« & ¥ 5% 5 real time PCR i 7]
atraeaXenn);BCAEAERWRN &S
Western blot At JBi77l & (AL 5 BNt 2 A ED s —$it
CYP3A4 % Pi A\ (3£ H Proteintech 24 7)) ; ZHL B AR
B bR 1L 2P e 1gG Pk (L Abcam & 7 H R A
A s AR o = o el
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22R ! & 3 il B0 L (3E [E] Beckman A &) ; 5] B
2 UB% (1 [ ZEISS A F]) 5 98-1-B HL 7 1 i F #4
B (RN R AR AR s RE-52A Jig % 7%
R CEMGTRAENACEE) ) :NANODROP ONE #
PR v &£ ) 52 AX (3 [ Thermo A ) ; GeneAmp PCR
System 2400 %4 PCR {¥ ( 3€ [# Perkin Elmer 2 &) ;
VICTOR X M Z Fric B 51X (32 [H Perkin Elmer 2 7]
7% fi ) ; Step one plus %Y Real time PCR {X ( 3%
Applied Biosystem 2\ H] ) ; Western blot Lk % ( 9%
GE A 7)) ; Western blot 4% 4 (3£ [ Bio-Rad A 7] )
SCILOGEX 180-E #& JK (Bt M B B A 25 A IR A 7D 5
TR A(EE GEA D,
2 Hk
2.1 YHpEEE S
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20 umol/L %% i 245 4 , DMSO N ¥ 71 % 8 41 , B
B W (10 pmol/L) FIAAEF- (RIF, 10 pmol/L) 4y BH 4 XF
M . 25 A PREE TR 5 R 10 L A5 U 40 i 55 7 2
b3 2 96 FL A AR £LJE L 5 K+ Glue Dilution Buffer
60> = I F AL 5, 4 B AE A il 60 uL F A R, AR 38
i 2= NN Glue Dilution Buffer 60, #3218 5] f5
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2.4 qRT-PCR#&M B KR 535 CYP3A4 mRNA =
o= opAl)

HY HepG2 4l , LA4H A% 1.2x 10%FLEF0 T 6 £L
BR A, AR 4 “2.37 TS 06 25 IR, i % R % CYP3A4
TR AR R BT SESG o K55 3kB (20 pumol/L) A
2 24 Rb, (20 umol/L) LA K2 H (20 pmol/L) 5
BH 4 24 i B 1 (10 pmol/L)ATFAEF-(10 pmol/L) 43 5]
A PR L, Z5 WAL BE 24,48 h 5 , SR BUAH D 5L RNA,
FEH 8 1 56 96 FE 1A I RNA YA FE RN AL FEE (A 0/ Ao I
H51.8~2.00. BUERNA 1 pg, # B R7) &30 B
H L RNA I 5% 5% B cDNA J5 33217 qQRT-PCR A2l , 43
H1 K SYBR GREEN i, PCR [ N 46145495 °C 30 s.
95 °C 55,60 °C 30 5,72 °C 30 s, 3L 40 MEIF . &
Pt 2722 5. T30 3 B4 = 1 5
YIRFFINZ .

*1 LHE=ZPCR3Y

Table 1 Primer sequences used for Q-PCR reactions

FE A 1E 5 4(5-3") S IR 5141 (5'-3")
CYP3A4 CCTCCCTGAAAGATTCAGCA GCTCTCAAGCACCTAAGAGCG
B-Actin CAAGGTCATCCATGACAACTTTG GGGCCATCCACAGTCTTCTG

2.5 Western blotting 4 2 {4 ¥ 53 Xf CYP3A4 &
SESvN:sEA

U HepG2 41 il , LAAH £k 1.2x10°/4LEM T 6 1L
B 5 Sk B . N 2 2 Rb, H B 5 BH M 24 i
R M (10 umol/L) 43 73l Ab R 20 i, 259 /b ¥ 48 h )
W 6 FLARAH AL , I 100 L F¥4 () RIPA 2L WL,
B TUK 2% 30 min f5 , WER4HH,4 °C.12 000 r/min, &
0 10 min, #2480 H , R H BCA L #E T & H iE
5,100 °C10 min 48 £ , 50 pg & H 4 8%SDS-PAGE
LUK 8, B B AR & NC R, =R R IR 4
Wy A2 h, 4 Gl BB CYP3A4 (1:500) 5
GAPDH(1:1 000) ] —$t, TBST ¥ i 3 ¥k, iiF 5§ —
PL(1:1000), TBST WL 3 ¥, In N ECL & Y AT
Wi kot Wi 5 AT BB 40 i, F Image J 311
SR FEAE , UA B b5 K 1F1/GAPDH K FE 8 1) ELAE AE N
FHEAREIAEX 5
2.6 HIEAIE

SIS S5 R aks Fon , AT 2 TR ELRCR
J GraphPad Prism 5 % i r-test J7 & #EAT G 1t 57
3T .

3 %R
3.1 MTS RN mpRE LS

SR BN, B A 2R RN, B3k B S
SR RS S Bl £ Sk B AN N 2 R, Re.
Re Rg, L SCH BH 7 H B8 L 1 55 30 A0 R R 6
HepG2 4 il (1) 4735 3 TG . 3 sz, 45 3 W3R 2.
3.2 mihBIR RS EE RN R

73 WA T T FR IR A DR I &5 SR BoR AR
48 h, 50 A LA, 5 Skl B 5 Skl 7K 5 SR
T S 0T 4 15 25 DT P 2 i i AR — B, LUV 1R
B3 TR (P<<0.05) , ARG % W B N 20 pmol/L,
Aib BRI 8] Ay 48 hB 1 S B AR A A B R, D R
1o [ 3% B 2 20 wmol/L Ab i 8] Jy 48 h ()
5 SRR AT J5 B K [ S5

AN 2% 21 Rb,-RcRe Fll Rg, 21 %} # 15 FE (R %
RN i 3 B AR — B, A5 T 4 VR FE R 20 pmol/L, Ak 3
ff 18] 9 24 .48 h i), 55X FEAL LL#, A 2 217 ReRe
FRg 0 CYP3A4 /A T 15 S48 (P<0.05.0.0D: 7
i 36 & B A 20 umol/L , &b B i 8] 4 48 h isf, A
Z Y2 Rb, X CYP3A4 [ B3 25 B B 2 (P <
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R2 BRI Y HepG2 HBATEE BRI (x+s,n=3)
Table 2 Effect of components on survival rate of HepG2 cells (x+s,n=3)
3 ASTRI ¢ 245 W P O A0 AT 375 2/ %
ZH5
5 umol-L ' 10 pmol-L 20 pmol-L ' 50 pmol-L ' 100 pmol-L 200 pmol-L "
IERIN T 99.52+5.90 99.15+8.65 105.49+3.46 107.48+8.16 104.48+5.57 99.08+10.59
B sLEE 103.18+2.98 101.1946.61 104.29+1.49 99.84:+1.48 98.41+6.06 95.85+7.13
WSS 104.85+1.42 106.43+5.14 100.62+3.49 103.1942.41 99.91+3.15 95.96+1.61
LIRS SLAE 99.82+2.88 99.19+5.62 101.65+4.56 101.85+5.78 97.12+4.15 97.25+5.65
ANZEIFRb,  99.45+2.54 98.12+2.14 96.62+1.16 97.29+1.62 99.29+2.06 08.18+7.88
NS EF Re 101.23+4.12 99.03+2.45 102.46+2.91 101.35+2.62 97.51£2.15 97.61+1.31
AZEIFRE  102.65+3.12 101.82+1.41 101.45+2.12 99.45+1.29 99.65+2.41 98.78+1.21
AZ 2 Rg, 100.24+4.74 100.32+3.26 99.61+4.94 107.82+3.12 107.49+2.28 103.46+5.92
H 101.67+0.92 104.76+4.32 100.97+2.92 106.52+7.83 107.89+6.48 104.59+5.17
BHEH  102.165.61 104.24+12.17 107.26+3.02 105.96+5.72 104.37+10.24 97.03+19.06
HEx 102.77+4.46 103.46+5.92 97.68+11.54 103.48+14.44 112.03£7.98 112.9£2.68
HE R 105.38+4.62 101.57+4.66 100.28+8.55 105.34+4.92 111.55+6.69 106.39+5.10
1.2 D24h 10- ok D24h
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N o Sl . =g A R Z 2 . .
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Fig. 1 Fold induction of relative CYP3A4 luciferase

activity by aconitum alkaloids( x+s,n=3)

0.01) o Atk 6 B BE 9 20 pmol/L 4b 3 1 8] 2
48 h ) N Z 2 Rb, # 1T J5 28 KoK L 5,
ILE 2,

5 AN 2715 S CYP3A4 HI45 AL, 5 Xt HE
W, et 5 REH HRERIEM 24.48 h
HEZRMEH 48 hIREE 3 FiH CYP3A4 R G HEF
9¢ 58 FE (P<<0.05.0.01) , 7E G 24 20 pmol/L,
Ab SIS [E] Y 48 Wy, H B H X CYP3A4 ()30 24 M
B IR (P<<0.01) , BRI I 36 BIUAR FE 24 20 pmol/L , 4b B
B[R]l 48 h B H B HF AT 5 22 3 Sk K P SR .
K3,

"P<0.05 "P<0.01 vs control group
TREIRE A S EH X CYP3A4IREEFELLF MR

S0 (x+s,n=3)

Fig. 2 Fold induction of relative CYP3A4 luciferase activi-

&2

ty by ginsenosides( x+s,n=3)

33 ASEHRb, . HEHSLLHEAX HepG2
M CYP3A4 mRNA FIERI S0
RAE“3.27 i e 45 A, e #H4% CYP3A4 i

BRI AR R N2 B R, H E 5 Sk A, W
22 %7 HepG2 2l il CYP3A4 mRNA £ ik (520 .
Bl 4 Fros , 50 B2 bR, 5 Sk B (20 wmol/L) 4k B
40 ffg 48 h J5 , 1 # CYP3A4 mRNA [ % & (P<
0.01) ; [A] Bf A2 B4 Rb, (20 umol/L) « H & (20
umol/L) 43 il 4b FE 41 i 48 h 5 , 7] % 5§ CYP3A4
mRNA 1R IE(P<0.0D); 5 &Ll b, NS 2
H Rb, 5 H HLH 5 58 2 35 1) 55 5 LB A0 ] CYP3A4
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mRNA HI1EH (P<<0.05.0.01), Jtt A & 21 Rb,+
H A+ LA S AL B2 13 CYP3A4 ) mRNA ()
AE B (P<<0.01).
34 ASEFHRb, HEHSLSLFHAAX HepG2
“HRE CYP3A4 BB FRIERIFNT

iz H Western blotting £ #ll A\ 2 2.1 Rb, . H #H
5 5 S BB AL T HepG2 CYP3A4 25 (R IE IR .
SR TR, 5 LI, 5 S m 2 i CYP3A4
HEHRRIEP<0.05): 55 LA E, NS 2H
Rb, 5 H BH 1 58 2 35 Al 95 5 L0 6] CYP3A4 &
HRIEMER (P<0.01); H A2 24 Rb1+H #E
-+ Bl LA FEA I CYP3A4 B R IARE J1 i
se LS.
4 T

CYP450 fiff /2 8 5 e 2 [N 4 5 1 81 19, A A

BIh AZREHRy HEH AZTHRL+ HEH+ AZSEHRbL+

5305 G HEH+

XA B "P<<0.05 "P<<0.01; 5 5 KB4 L4 - "P<<0.05 #P<<0.01
*P<0.05 P <0.01 vs control group; *P < 0.05 *#P <0.01 vs aconitine group

E4 qRT-PCRE®RTNASEEFRD,  HEHS S LHEAEY HepG2 A H CYP3A4 mRNA ik #2014 ( x:ts,n=3)
Fig.4 Fold induction of CYP3A4 mRNA expression relative to f-Actin mRNA by compatibility of ginsenoside Rb,, liquiri-

tin and aconitine in HepG2 cells( x+s,n=3)
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Fig.5 Induction of CYP3A4 protein expression by compati-

bility of ginsenoside Rb,, liquiritin and aconitine (x£s,n=3)

PEE B TAHAR B & ¥ S 2 MR 5 A R
VIR A e At . Horh CYP3A4 N CYP 5K ik
BA ¥ 5 AL A B, 72 N B SO AR 2
30%, 7 38 CYP [ A5l A 70% , 5F 67 BT I IR b ikt
50% 25T, 0 S AR P R 2 Ak S AR BT R 2
G g2 H 1 70 LA K 10 R ke 2 2455, I B e 24 St
CYP3A4 B )BT T 7o BRE  B& f FH P b
B AN DL I 25T, i) 5 T B2 W AE AR T
3 W, HER A6 S B YA EAE 29 5 At
B 11 70% , T B 75 5 51 K10 15 23%, HoAh 5 7%,
FIT LAAE I A P 245 3 R o, BF 98 3 Rk it 400 #6147 FH ) o6
Wi kT EEE SRR . 50k E R RERE R R
MR &5 NI 25 2 AR H 2538 s, R 2451
ARG R T AW R, AR R
& R 2GR A4 Tk W SRR B, T A 24 KRR
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FE R 24 1 2 CYP450 g, 5 ot [\ I 3z 3] 3
CYP450 fifg 7] LA AF 1 Bic A 20 & A oAl 4 47
WA A 25 CYP450 B4 < H 24 8] A5 ELAE A
ML RERE 20,

Bt A S [ o i B — B2 24, fE R R IR IR 2 S
HEMRE PR GRS EENAL . (VR
HOR AT, HEEH YRS N kR EY
Tl , FFFC B, AE G 6 SR W) 5 N AR P, 2E P e 3 2
i I KR O B AR L SR A, OF X
BB QR AR 48 K B CYP3A A &7 AR
BRI, NS H B 57 B S o] B KR
CYP3A1 mRNA 5 & ARRIE , b Bt AR o
5 SLgAE R P 19 B AR (0], RS 20 980EE AR Y. (H
2 R R AR R A R FE A PN AT A

ARSI 3 9 i B W NS R H BRI R AL
BR4Y B S0 T CYP3 A4 4 3 DA v
AT L , 9K 5 WU 5% ik [R] 2 s /K 1 LB 1 R /K P AR
b SR 8 JE T 24 P AR A B K P 1 A 880 AR R o BT
IR EEAE F LS BT 70 25901 3 CYP450 i 5
BCH ) A 97 04 7 v 2 BN AR AN R I, AL T R
(10 A= 0 ) B A 27 53 BT TR S AN TR RV T T S A
BT QS AR VEFH I T2 52 4 7z s W0 1) 7% o 25 i
P FERNVE S, Forp R A R RE R 2 AR EOR A
M B H o DRI, AR SO0 I 35 1 S0 5 A A
4 15 2 IR TR, 7 Y Hep G2 41 i )5 3E4T 5 2 B A4
55 G BN CYP3A4 TG PETRIE ™ . 3 s B 5%
I 2 B 5 SR A I S 36 25 SR BRSBTS
SRR 201865 S 5 s A ] CYP3A4 OB R g
W A SLm A I sk, IR, NS B AT
Rb, R Re Ml Rg, X 4 5 5= PR 0 RN 4 #y e A —
BN CYP3A4 L T E SN, b A BT
Rb, SR E. SASBHE R, B 5
XF CYP3A4 [F0E U B o 345 43 b BRY 206 't SR il
i 5 DRI AG 0 32 R % CYP3 A4 42 4F A B A R
T AT {5 5 A, R T IR CYP3A4E SR ks
o H H TR A DR U B R 2 B T B SRR I
I 16 71 % AR — R R BRI . B4 T
A T P 400 1) B35 S AL 08 T AR R R S B KR
AT — B IGAIE . 5 5 A 40 i bL 4%, HepG2 41 il
CYP450 (1) Rk & BARBAK AR IR B T 80 4 12
I 4 B 1 oh e, H 32 B R G 1 CYP450s
CYP1A1/2. CYP2B6. CYP2C/19. CYP3A4 Al
CYP2E1 0, Jir LLS 56 % FH HepG2 4l iR 1E A 24
WISkt CYPAS0 1 45 K80 (0 40 O A 7827, mRINA %% 5%

K SE I 25 RO, 5 IR PR, 5 Sk B RE
CYP3A4 mRNA [ &1k, [F I N2 214 Rb, 5 H &
1Y A5 5 CYP3A4 mRNA [R5 4 NS 21
Rb, . H & H 52 LA AL G, NS 24 Rb, 5 H 3
T 35 B8 HI) 55 5 Sk e A2 30 ] CYP3A4 ) mRNA fE
A, oA Rb o+ H B + 5 Sk B 3k 4k 2 A B
CYP3A4 If] mRNA B8 7o 8 LR B /K 1) Sk
56 25 1 5 mRNA 5% 7K1 S0 45 SUARAL, HE A 2
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