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Induction of P450 enzymes by derivative of parthenolide
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Abstract: Objective In this study, primary cultured human hepatocytes were used to study the induction of P450 enzyme by the
sesquiterpene lactone derivative ACT001, which provided reference for the clinical use of ACT001. Methods Three batches of frozen
primary human hepatocytes were inoculated and cultured, and CYP1A2, CYP2B6 and CYP3A4 were induced by ACT001. Real-time
fluorescence quantitative PCR was used to determine the mRNA expression level of P450 enzyme, and the activity of P450 enzyme
was determined by LC-MS/MS method. Results The expression level of P450 enzyme mRNA and the activity of P450 enzyme
showed that the P450 enzyme induction model was successfully established. Compared with the control group, the CYP1A2 mRNA
expression level and enzyme activity of ACT001 1 umol/L and 6 pmol/L group showed no significant changes. The mRNA expression
level of CYP1A2 in ACT001 30 umol/L group was significantly decreased, and the enzyme activity was decreased, but not as
significantly as that of mRNA. With the increase of ACT001 concentration, the expression level of CYP2B6 mRNA was gradually
increased. Compared with the control group, the expression level of CYP2B6 mRNA in the ACT001 group at 30 umol/L was
significantly increased, which was seven times higher than that in the control group, and the increase of enzyme activity was four times

higher than that in the control group, which was 40% higher than that in the phenobarbital sodium induction multiple. Compared with
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the control group, the CYP3 A4 mRNA expression level of cells in the ACT001 1 pmol/L group was significantly increased, which was

four times higher than that of the control group, but did not reach 40% of the positive inducer rifampicin, and the CYP3A4 mRNA

expression level was decreased gradually with the increase of ACTO01 concentration. At the same time, there was no significant

increase in CYP3A4 enzyme activity after ACT001 administration at different concentrations, which was less than two times of that in
the control group. Conclusion The data indicated that ACT001 had no induction potential for CYP1A2 and CYP3A4, and had
potential for CYP2B6 induction. In combination with CYP2B6 substrates, it should be avoided in clinical combination therapy to

reduce adverse reactions caused by P450-mediated drug drug interaction.

Key words: parthenolide; sesquiterpene lactones; ACT001; P450 induction; primary human liver adherent cells
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Fig.1 Chemical structure of ACT001

B, fFH ACTO001 4 7 XF 41 B 5 & 4 10
(CYP1A2. CYP2B6 1 CYP3A4) #HfTiHES, SCif
P E B PCR (qRT-PCR) JlI5E P450 i mRNA %
KA, AR TE-FHEECH (LC-MS/MS) L&
P450 B 71, YR ACT001 X} P450 B )15 SE e,
4 ACTO01 Fylli PRAE 75 e & B 24 i 2%
1 ¥R
1.1 #HEd

AR JEAC N TS BE 4 HC4-15C 17 5 28 HC4)
HC10-10 ({854 HC10) f& HC1-34 (f&5 A HC1)
I H Xenotech A ] .
1.2 {435

HERAcell 1501 % {57746 . Sorvall Legend
Micro 17R Ei#E A% B0 HL (3£[E Thermo Scientific
AF]D; AB54-S B3 RT- [ E MR 8- R 24X
& (B HFMRAF]; Mastercycler ep Realplex? 52
3¢t E B PCR (qRT-PCR) 1. &M (fH
Eppendorf A F]); CKX41 & BMeE (HA
Olympus 2~ #]); L500 fRIEE AL CKIDWICE O
WU AR AT ZHWY BUERIR % (bt
AR ABRAF]D); TC-96/G/H (b) C HIFEH
P BN B RHCARAFD.
1.3 Zam5ils

ACT001 (#it'5 20120704, JRED% 99.2%)
BRI M 24 G PR R A RIS it V5 F B3
Mg e R N DY 2 2R R AR (S
20150130D1); Fl4E 7. L08R H MCE A#]; #
EEZAAE B AL R EREA R AR 2K
T PR S VR B AL R A IR A w] s 3E
AV T I AR 2 (B (R TR R E R A
LW E Acros Aw]; XX ABE R IR (its
100018-200408, i &7 %0>99%) A 1 [H £ w2y
AL S I AT e s o) B FR R 2 AEA R (HIL5 59887
6B-F2 L2/ (Ht5 47083), JHESE>99%, ¥
H BD Arl; WFrMIEIE (b5 Y0703003, Fi&E
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Williams® B Br 725k, JiR &) 2 -F 2k K 1Al 4h 78
A (100X, HEEBZFIRAW (100X, BEREELE
M (PBS, 1X). ¥ EDTA ] 0.25%Els. a4
Mi% (FBS) ¥JWHE Gibco Aa; T B JFEALH 48
FLEFFRMRIWH Corning A#]; DEPC KIHHILH R
FKERHAMR AT ; TRNzol Reagent I [ KR A AL
B (bn ARA R ¥4 54605 & Transcriptor
First Strand cDNA Synthesis kit #1 qRT-PCR &7 &
Fast Start Universal SYBR Green Master (Rox) 3
H Roche A F]; qRT-PCR 5904 B IR K EEF F}
HARAA
2
2.1 FFempaiE R EH9ECH

TG FREE: £ Williams® E 35783 7R N
0.5% M 5 R -F R R TN R 1% HHEE R RS
(100X ) F1 50 ng/mL FIHbFERABERR BN, 25 i
TERG TR AERIMIEEEFREE T M 10% FBS.
2.2 ACTO001 % P450 B§RYIF S

V4 JHT 240 M2 A AR R R B, SRR
39 CHE R KA PO SE AN R AR s A AL, T
i TGP RARSRBENELE, MA 37 C
TR MER R, B0 3 5 LB, LS 10%
FBS (35 IR 40M, HMh T IR 5 85 B Y 48
FLREFE T, T 37 C. 5% COx B FRfEh s 7. 3~
6 h J5 EHTCIMIE RS 73, . 24 h J5, BHEXT IR 45351
T 20 pmol/L F4EF (CYP3A4 535D, 50
umol/L BZEH M (CYP1A2 %S5 A1 1 mmol/L %
L8N (CYP2B6 W7D HsEFREL; [T iRZH
N 10 pmol/L 4155 2 1372k X HR4H 2 AT I
TEREE IR SEGZH R 73 i ACTO0L 1. 6. 30
umol/L FR5FEIE. M4 3 MEFL. 24 h J58EH 1 X
FAFIRE 7R 5L . 40l 5 15 3R 1E FH I 18] 48 he
2.3 qRT-PCRNZERFAMEF CYP1A2. CYP2B6.
CYP3A4 mRNA Ri&KF

SEREF B4R 24 FLA PBS Wl 1k, 1%
TRNzol & RNA FERGAF & U & Roche A ]
Transcriptor First Strand cDNA Synthesis kit %% 5%
WAV, JREBUF4IMR) R RNA JRlEe s
cDNA. LLi#: ¢ cDNA AR, qRT-PCR SN
fi 225 Fast Start Universal SYBR Green Master
(Rox) 25 uL. R34 (10 umol/L) 1.5 pL. L
514%) (10 pmol/L) 1.5 uL. 7K (PCR-grade) 18 pL.

cDNA H#R 4 uL, SARF 50 uL. M Z&HEA 95 C
A M 10 min, 95 CAEME 15s, 60 ‘CiE‘K 1 min,
40 MEH, 60~95 CIAfMHILZE M. 5I1TFHI I
# 1.

%1 qRT-PCR 3|45
Table 1 Sequences of primers used for qRT-PCR analysis

HE A S1EH (5°—3)

B-actin IE 5% GGCATCCTCACCCTGAAGTA
S IA 51 GGGGTGTTGAAGGTCTCAAA
CYP1A2 1E[M 5% CTTCCGACACTCCTCCTTCTT
A5 GCCAAACAGCATCATCTTCTC
CYP3A4 IE[M 514 TGTGGGGCTTTTATGATGGT
A5 GAAGGTTGGAGACAGCAATGA
CYP2B6  IE[H 5|4 CCATACACAGAGGCAGTCATCT

154 AGAAAGTGGTCAGGATTGAAGG

FHXT mRNA FiL A (Livak i5) RN E
FEfh R HFRFER (CYP1A2. CYP2B6. CYP3A4)
MW SER (B-actin) [ CfH, KA 2722+ %
WA MM CYP HEF X A0 CYP £
EL i I R IE & .

24 LC-MSMS M E R4+ CYPIA2.
CYP2B6. CYP3A4 E&EH

2.4.1 LC-MS/MS llE %A+ %4 : Diamonsil
Cis (100 mmX4.6 mm, 5 pm); JishtH: FEE-F
FR4% (20 mmol/L, 7 0.1% R (65 :35); FEif
35 'C; MR 0.5 mL/min; BEREESIEE 4 C;
R S uLo BSFALUR: MW B IR, e
TR BFmEE L 4 500 Vs iRE 600 C; %
1< 138 kPa; Wi%5S, 345 kPa; JI#S 586 kPa; fif
3 69 kPa. AN 2RI

2.4.2 PSR IS BORE AR X 2
P LMy . 6B-F2 SEFRXT R fhidE &, DA EC ) o
KN 1 mg/mL 45 Lo 43 WX 100 ul 250t
/W 1T 10 mL &R, ERMRERER 10
ug/mL WA 1 A il BUR SR e R . X 2
By, 6B-FE EEAI 4 11 1.890. 0.639. 7.610 mL
C 1] TR 5 %o T I 2 Vs B S P PP I P A
132 R BN TRA XTI S T

243  WARERIEH]  FEEFEGIAMAL 10 mg,
BT 10mL &9, &%, RE¥51E 1 mg/mL N
PR 1o AR AR 1 0.1 mL, BT
10 mL &4, B2, B3 10 ug/mL b5l
I K 25 B 5 mL PYARIE &3 1T 2 500 mL &5,
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TN R 2 Z B, F BN 100 ng/mL [ P FRVE TR -
244 JHAHMRE IR BIEWAEmALEE  EROE SR
Fr4nf 24 LA PBS ¥k 1 7k, LA “Cocktail” 747
AN CYP1A2. CYP2B6 #il CYP3A4 [KHRET Y
(100 pmol/L AE AR FE T 2200 pumol/L 2. 100 umol/L
ZARARER D) 4T /N, 37 ‘CJBi 1h, HL 100 uL Af
YRR FIEW (GBS AP RS TR i
fi 100 pL (ERIR AN B SRR B P bR i e i i
(100 ng/mL, HEERECH]D 200 uL, )€ 2 min &
%], & 12 000 r/min B§.0> 10 min, Z3-HCEEAHHL
F, BEFE 5 pL, BT LC/MS/MS 0, EIRHE E
RIRE IR CYP [R] TEGACU 74 O £ k2 2
Wy AL EMhE . 6p-FRIE /) WFE. 4 HlfE A
3 AR D 40T B A U S

8 Analyst 1.5.2 BdRALBREAE, 73006 %F &
PR Ly . FeIE 22 AR thEA . 6p-F2 52 BT A AR ik i
HEi AT R0y, AT o DS AR =4 I ks
AFR (XD, AR5 A bR TRTAR LUAB 9 A
br (YD, FINBUR/N ik (RERN 142 #E47RE
I, KRG ELRIA TR AR IEfZ . 28
E e vt 5024 H prill ) &AW =k g, AT E &
ST NP CYP BEARUR PR ST A = A8 B AR =
Ve . NTFARBE CYP [H) Tl A i 1 DA SAR i
Wk B ke 1

M 3 =P = DI BE X AR W A A I ]
24.5 ikt

(1) ePEVul: $%08 “24.17 TR, g
X O FRHR e AR . 6B- 52 I P (1) 28
PEVE 2> 9N 6.61~6 614.1.56~782.13.1~13 139
nmol/L,

(2) WEMRFEERRERE: 1%, F. =IRET,
X OB FRHE e AR . 6B-75 S8l 1 v ff B
3 TE—6.90%~5.07%- —7.59%~4.26%- —2.42%~
7.17%, HENFEE L5 /N T 2.41% 2.16%- 3.39%,
R HE I o T DT VRIS K

(3) AN EEFTRN: A SIS e PR R it AL 2 |
RS AT, S OBMEEMAMR. T & 3
AR BE K b B e 0 5 5 RSO 4y il R (53.10 +
3.24) %. (52.30%3.03) %. (55.30%+1.06) %; %
R B Ty & 3 NREEKE LRt 5
JRZN 5351 (94.90+10.70) %+ (99.50+2.59) %.
(98.70+1.73) %; 6B-FRZEEMEM. . = 3 K
FEARKP b P 286 35 J5 2508 43l 9 (10400 £9.40) %

(108.00%+3.19) %. (111.00£2.33) %; PHrfI3E
JRRNA (104.00+1.19) %.

(4) FEHEICE: SRS L R, X o
FREIEMITENG. Py & 3 MNIREEACE L EeR 5551
4 (100.00+5.43) %. (101.00+1.80) %. (98.80=+
1.49) %; I 2ARERfER. B & 3 NIREEKF
EIERCE S 58 (103.00+£6.57) %+ (96.90 +
2.05) %. (95.70+1.63) %; 6B-F2ZEI/EMK. .
3 MNIREE K BB EUCER 43 i R (98.40 +
13.50) %. (99.50+£2.94) %. (95.60%+3.52) %:;
WERIIEICR A (99.00£1.24) %, HIRIf.

2.5 HIENE

Z8E[E FDA 2012 FFRAH (2 EAEA
WA SR R 22 ) g ok R 2 5 % B AH AT B
#®, CYP H[F mRNA FikEiem 4 £ L. CYP
FE DRI BRE PR FR T 2 435 DA b 28 1 B P o) B 20 1) 375 S A
TRl o U0, DL S8 4 A 6T T BH 55 3 75 2L 1
mRNA FIA T I H 5 (Er) P ACT001
%F CYP1A2. CYP2B6 1 CYP3A4 {5 Sk,
Er=40% n #5852 iR 245 A TS 35 RE .

Er=(C st— C u)/(C mtee— C x)

C o C Al C i 3 IR SZARLH . ST HEZELANRH XS HE
ZH CYP mRNA ik B iRE MRS 125 i
3 F#R
3.1 qRT-PCR &M ACT001 XF P450 BEHYIE S
1ER

7 HC4. HC10 & HC1 4Hf, S5x R4t
BER M, KEZM. FAETHEEERS
CYPI1A2. CYP2B6. CYP3A4 mRNA )ik, Fik
EIEEITE 4 5L M IR B 25 CYP1A2,
CYP2B6. CYP3A4 mRNA FIA/KF- 4 WL B 25200
FREAR R P450 BEIS SR AT, S5 R
x2.

x4 tbss, ACT001 1. 6 umol/L ZH4H M
CYP1A2 mRNA TiA/KF AW R4, ACTO001
30 umol/L ZH4Hff CYP1A2 mRNA iK1 3% &
fik. B ACTO01 JKERIHM, ZMMiH CYP2B6
mRNA Fik/K-FZ#i 75, ££ 30 umol/L I CYP2B6
mRNA FIE/K- 52w, B A 7 6%,
P H 2 I P SR L 2 ) A5 EL
HEM ACTO001 X+ CYP2B6 777515 S HE . ACT001 1
umol/L ZH 4l CYP3A4 mRNA FIA/K 53 &,
BIa xR 4 £, (HARIA B BHPE S S FRIRIAEF
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PR 40%, BEE RGN CYP3A4 mRNA
RIEKTIZH AR, HEN ACT001 X CYP3A4 A
HRRE. SERNE 2.
3.2 LC-MS/MS E#& ACT001 Xf P450 B§HYiE S
1EF

7 HC4. HC10 & HC1 4ifih, S5xfHa4 b,
BWER M, KEZH. FETYEHEES
CYP1A2. CYP2B6. CYP3A4 ik, FIH XM
B T SR n, ¥ >2. WP R & R
CYP1A2. CYP2B6. CYP3A4 ik /K4 Lo B 5
M. 4550 W3R 3.

5wt 2 Eb 8, ACTO001 1.6 pmol/L 41 CYP1A2
(RIS 12 A LB 484k, ACTO001 30 umol/L ZH 41 Y
CYP1A2 @& 7 B L RN &%, (HA I mRNA %
IE7KE R BRI, HE ACTO001 XF CYPLA2 &A1
SERE; B ACTO01 RGN, 4ife+ CYP2B6
(BT PEIZ T T, 76 30 umol/L if CYP2B6 [/t
TETERIINA R T 4 £, IR 2 S 55
(1) 40%, N ACT001 X CYP2B6 f71E15 Tk fE -
ACTO001 ik Lot CYP3A4 (KB Jo A B
BT, Y/NF XTI 2 £5, HEW ACTOO1 Xt
CYP3A4 K HEFIERE. SR W& 3.

# 2 qRT-PCR E#N ACT001 Xt P450 B5YiE S5%
Table 2 Fold-induction of CYPs mRNA levels by ACT001 with qRT-PCR

———
i3 CYPIA2 ¥ 5% %

CYP2B6 i S5 51 CYP3A4 5 5155

W /(umol- L)

HC4 HCI10 HC1 HC4 HC10 HC1 HC4 HC10 HC1
pagisl — 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B e 50 69.20 46.90 74.60 / / / / / /
FlE-F 20 / / / / / / 13.40 17.40 19.00
IR B LL 24 1 000 / / / 11.90 9.64 9.57 / / /
AR5 10 1.06 0.93 0.94 0.90 0.84 0.82 0.85 0.80 0.88
ACT001 1 0.61 0.74 0.58 2.59 3.27 2.78 4.05 6.84 7.26

6 0.69 0.82 0.86 3.08 3.60 3.28 3.01 4.14 4.72
30 0.16 0.17 0.20 7.86 7.84 7.59 1.04 0.83 1.06
#£ 3 LC-MS/MS £ ACT001 %t P450 B58YiE S5
Table 3 Fold-induction of CYPs activities levels by ACT001 with LC-MS/MS
5 R/ CYP1A2 i S155k CYP2B6 i 3551 CYP3A4 5 554

(umol-L™")  HC4 HC10 HCI HC4 HC10 HCI HC4 HC10 HCI
ol — 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BT e 50 6.57 22.30 18.30 / / / / / /
FlE-F 20 / / / / / / 14.50 12.30 11.60

IR L 24 1 000 / / / 7.39 6.51 7.69 / / /
AR5 10 0.92 0.83 1.47 0.85 0.90 1.55 0.91 0.67 1.29
ACT001 1 0.97 0.82 1.19 1.07 1.68 1.72 3.01 4.73 436
6 0.79 0.92 0.96 1.93 2.01 1.83 2.69 3.35 3.01
30 0.48 0.56 0.58 5.25 6.86 6.14 0.98 1.36 1.53

4 itig (CFDA) fE 2014 MU (2RI R 2454830 /)

P450 BEXTF T SO SAFLE BB b g 22 57,
NIEAREE 7 40 M (AR AL B R G A R A T 1B
LA AR M S 1, R AT R B2t N A4 P 1
HSDRA, KA N R P45 S S & s
#E, JF# FDA VI NA I SN T A, B
F NIRRT kAL, ek 2 1 25 I
PRHT P450 B 175 S FLRTAE H

FE FDA 2012 FR AN (Z540AH B AR R 5
BEENERY FEFXEHAMBEERELR

LR ABATE FEN) U2 dE B R SE S 5250 mT
REPE AR mRNA Rk S5 14 (0 AR AT VP4
2505 P450 B )5 FAEH - H qRT-PCR & P450
filf mRNA FIA/KF AT LAE & BEAT I A2 R 4T 2R
T S8 =0 o B FORT I, LA 5 R B A4S Y L A vy
(1) R, {H LA mRNA AP AR 2 e il A 3 1
DDIML, H LC-MS/MS Al 52 P450 B F17] LUK
Al R, ESR. ELERHUR LG5 S CYP EERT
TEPEMIRE M, (HZIEAATE A B 2R % P450
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WA SR B AN E IS, A ] BB 25 T IR 75
T BE o 30 W 2 SR /K P AN M 2 B B IR A DR A
{RLE 52 24 B A2 W 1) 77 S B s S R s oL T
XoF T ) 5 248 280 T B e T 4 o) R o5 5 RO R B B T 24
PIRRE, SRR B2 A, ME B R
&R BRI AR F A0 w3 kel 11 Rt
IT RERG 5 ST TR, (R E mRNA K IE7K-FHf
IR, ATHERR 32 B F AR = P 1 41 1)
VE R B A ST R B 5, 3145 5 9 w]
SEMSE NG BRI AR - (HBK G mRNA Rk K &
Wil 1 B AR AL R IL R B 7T 25 0% P450 BS54
F, 78 A v G SR HRGE

HEEREY, EIMEISE SR SR E E
BLS 2\ R AT B A A R BT IR I 24 9 BE A
B, 25 R A AN FE S i 25 B, CLRSI T .
FELRUETCERPE AT T, 29K FERIEEAR N Crnax 151
1 MR . ACT001 Jyithey, AIRe A — &4
JFErE, D, B E SeRET T ACT001 X A
S () TR SE S « 218 ACTO001 1) Beagle KA% Py 45
SO0t Jei 240 R PRI S PRI s, TSR IR FE
N 1. 6+ 30, 100 pmol/L. FiSZH 45 5 Bk ACT001
fE 1. 6+ 30 pmol/L Bf, A EA B3 1
4K, £ 100 pmol/L B, A4 g H B BH 2 A0 e v
AT, ULHIXT AN IR EE M, MR &S SOk
FEEN 1. 64 30 umol/L.

AR ACT001 X CYP1A2. CYP3A4 %
HEFHERE, X CYP2B6 fA{EEFIEH, HFRET)
P H 2 PR SRR 2. ACT001 &
VERNBUI IR 58— S 2 1 NI PR A TR B, 7E I
PRAG I Al B2 5 Hop B 29 B & . Wi iREE
4 F 25909 CYP2B6 [ JE A e 24 AR ok M 5
SEINEIEZ, ATRES R AER ACT001 %F CYP2B6 )
55 B TR TR M B PR I e () A e, AT
BeATCPAN B8 Pt frg i S AR R I P 245 58 AELAR I 2 A
SIS R T, BT IR IR .

S 3k
[1] & 2, EER. ET4EER P450 B2 ok

PR [7]. k22, 2017, 29(2): 7-10.

[2] Sun H, Veith H, Xia M, et al. Predictive models for
cytochrome P450 isozymes based on quantitative high

throughput screening data [J]. J Chem Inform Model,
2011, 51(10): 2474-2481.

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]
[13]

[14]

[15]

Lin J H. CYP induction-mediated drug interactions: /n
vitro assessment and clinical implications [J]. Pharm Res,
2006, 23(6): 1089-1116.

Li CJ, Guo S F, Shi T M. Culture supernatants of breast
cancer cell line MDA-MB-231 treated with parthenolide
inhibit the proliferation, migration, and lumen formation
capacity of human umbilical vein endothelial cells [J].
Chin Med J, 2012, 125(12): 2195-2199.

Wang W J, Meng Z L, Mo Y C, et al. Unloading the
infarcted heart affect MMPs-TIMPs axis in a rat cardiac
heterotopic transplantation model [J]. Mol Biol Rep, 2012,
39(1): 277-283.

Czyz M, Lesiakmieczkowska K, Koprowska K, et al. Cell
context-dependent activities of parthenolide in primary
and metastatic melanoma cells [J]. British J Pharmacol,
2010, 160(5): 1144-1157.

Holcomb B K, Yip-Schneider M T, Waters J A, et al.
Dimethylamino parthenolide enhances the inhibitory
effects of gemcitabine in human pancreatic cancer cells
[J1. J Gastrointest Surg, 2012, 16(7): 1333-1340.

Zhang Q, Lu Y, Ding Y, et al. Guaianolide sesquiterpene
lactones, a source to discover agents that selectively
inhibit acute myelogenous leukemia stem and progenitor
cells [J]. J Med Chem, 2012, 55(20): 8757-8769.

S BUEERETEL S ACTO01 Il PRTHT 24543
JIEWEAL [D]. K mF K, 2013.

US Department of Health and Human Services, Food and
Drug Administration Center for Drug Evaluation and
Research (CDER),

Interaction

Guidance for Industry. Drug

Studies-studydesign, = Data  Analysis,
Implications for Dosing, and Labeling Recommendations
[S]. 2012.

Sinz M, Wallace G, Sahi J. Current industrial practices in
assessing CYP450 enzyme induction: Preclinical and
clinical [J]. Aaps J, 2008, 10(2): 391-400.

PR IR R 25BN 1 2B U BoR TR R [S]. 2014
Shou M, Hayashi M, Pan Y, ef al. Modeling, prediction,
and in vitro in vivo correlation of CYP3A4 induction [J].
Drug Metab Dispos, 2008, 36(11): 2355-2370.

RONEE AR BV, L REE PASO RS SR
BRSNS N [J]. R EEZ 44 &, 2018, 27(6): 688-694.
Chu V, Einolf H J, Evers R, et al. In vitro and in vivo
induction of cytochrome p450: A survey of the current
practices and recommendations: A pharmaceutical
research and manufacturers of america perspective [J].

Drug Metab Dispos, 2009, 37(7): 1339-1354.



