3 i

BN R S AN B SR SN T SR 4y
BT NF T, EEAEWRS N y- TR . A0
FUR I BINCHHESA R 3 B fe I 2 BK = s
MLSE 5K S L% TC. TG LDL-C & & #E4EAKR 6
J B B ) R S s Bk e AR AL B e 0 T ) P A
IR R, BTG TR T A i g1 . 65
TSP SR W, BEV5 3 06 1EH ILE /N BRAT FAAIK
HU i AR o 5k 82260 e e m], (KR
HA W MAE . T sh kAL FIE R - B AAT
AV K B R AR B SO B, S LR R
e MR TLSRE ) 175 0 B R B 22, gl B Rk 5] ik AT
500 FEREEM RIS, Wngeas 2 i i i K7,
A BT Py . RS B R E, ol TR
AR AR o 0 L5908 () R A2 o H R T i B A
Ji MAE B BB BB VR I 7 R A2 L 254
KR4 B 1 H Bisfl+ ACEL +fih T 28 f TC 254, (H
X AR AN RS TH] S A AR 8 A
IRCR . R F RTS8 IR, AR
NN, B R RIS .

ARSI EE R, @ AT R AR A
AT Rl 7 22 0 A 03t T RISk BT AL
& (L A 2H 5 SR B R AR i e i 4 U7 - 1AL iE 2
75 AT A R A P v AR R R L () K R

SBP. TC. TG. LDL-C, J}# HDL-C. HF¥EH
HE 27755 BH 4 55 B ZH (= FE 3 1 A R ) 8 SR R AR
AHIE o [R]85 B 2 LS R I, AR 2H U e
AR AE R B f T 0 v AR B — e E s FR T ekAR
B /NER N K AE A0 S i = 3 ik A G TR RE IR . A
FUEFAERE, SNk ALAE 5 BES i 4T B
X v LR A 9 v i ORE K R B R e . A
MR IRIEER, IR R 8 K33k .
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Inhibitory and Inductive Effects of Furanodiene on Hepatic Cytochrome P450

SONG Feifengl, CHEN Mengl’z, SHEN Jian', LI Lipingl, JIANG Huidil*(I.Department of Pharmaceutical Analysis
and Drug Metabolism, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China; 2.The Second
Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou 310009, China)

ABSTRACT: OBJECTIVE To study the inhibitive and inductive effect of furanodiene (FDE) on main cytochrome P450
isoforms(CYPs) in rat and human liver microsomes. METHODS Probe substrate method was used to evaluate the in vitro
inhibitory effect of FDE on CYP1A, CYP2A, CYP3A, CYP2C, CYP2D and CYP2E1 in rat and human liver microsomes. Rats
were administered with FDE at a dosage of 40 mg-kg™ or 160 mg-kg™ by gastric lavage for successive 7 days, then the
metabolic activities of main CYPs in liver microsomes were evaluated by cocktail-LC-MS/MS method. The inductive effect of
FDE was evaluated by comparing the activities of main CYP450 isoforms in rat liver microsomes with or without treatment of
FDE. RESULTS FDE inhibited the activities of CYP2D1 and CYP2C6/7 in rat liver microsomes, with the ICs, values of 15.8
and 23.8 pmol-L™', respectively. FDE also inhibited CYP2C9 activity in human liver microsomes with the ICsq of 26.1 pmol-L™".
Compared with the vehicle group, 40 mg-kg™' FDE did not obviously change the activities of main CYPs in rat microsomes,
while 160 mg-kg™ of FDE increased the activity of CYP2EI to 164% of the vehicle group. CONCLUSION FDE has a
negligible or weak inhibitory effect on main CYP450 in rat and human liver microsomes, FDE can not induce main CYP450 in

rat liver microsomes at 40 mg-kg™' while induce CYP2E1 to some extent at 160 mg-kg™".
KEY WORDS: furanodiene; liver microsome; CYP; inhibition; induction

BRI )% (furanodiene, FDE)ANA% s tth &
Yy, HAL2:4 N(5E,92)-3,6,10-=H 3E-4,7,8,11-7Y
ST B IR [bIRNG, TR ARE T ERHEZEIRA
[Curcuma zedoaria (Berg) Rose]~ i fl 4 (Curcuma
wenyujin)F1]” PaFEA(Curcuma kwangsinesie)Z5!"2,
BAEBIPME. PUaMH. P, k. ¥
s LB A LR AR X 2 PR il 8t A AR B i T
O, RAMIFIT R A, FDE E A% i) An
ik 4 e aE /1, TIi% S HepG2. Hela. HL-60-
PC-3. SGC-7901. HT-1080 }z U251 %&£ Fh i &g 41
FMET: . RN N, FDE #g W&/ &
TE MR U4 MR S180 94 KB, % T FDE
TP, HAR DU R iR L B A
BT IIT R HT 5, % FDE B4 259k B4 H
BEATWE S AT, TN FDE A RG24 PSR4 $R Al s
IO AR o

It P4S0(CYP)ME & N AR HZE 254
KRBT, 25 TIRIKZ 75%M 23R, b,
CYP1A2.CYP2C9.CYP2C19.CYP2D6 1 CYP3A4
R FEER) CYP [F LEE, AFEZPn S H
7 A I R AR ELAE (0 R 7), FDE
X CYP Btz H 57 AR WARE . A 7% %¢ FDE
XK ERA Aok 2 22 CYP g (140 1l A5 54
F, DATHIN FDE J& 75 43 & 2R A I PR SCHIAR i 1

+ 420 - Chin J Mod Appl Pharm, 2016 April, Vol.33 No.4

YA EAE], N FDE BT RIS %
1 #R5RZE
1.1 25 50

R A (DM R A2 A PR A 7] B S H e
(LR R LR 2 It IR A w]): B E#E A R
EARA WA AEAVET . ARDIF. A
Ty BRIAME . REIRHCT . FOREE TR, ST
E BERBAEESEEMAERA A,
B N OMREIER . W ELEDS. 6-F1k
FMEYD IR -5 BE KA My | 4-F2 R R FR R TR
MIAE IR MR R o S0 < Ak /ad TR B A g O
(B-nicotinamide adenine dinucleotide phosphate,
NADP/B-nicotinamide adenine dinucleotide phosphate
reduced form, NADPH)¥JI4 H 3 [E Sigma 2 7 ;
LM WRAFEE Tedia A 745> NFFHORAR [Hi
TR R AT L (AR A, it SUBK]
M 10 MERE T RS AR (R 21~38 2R &
JFRE A s AR ikon 2 09 B = At
1.2 %)

SD K, &, #fi=E 180~220 g, W&iEL,
WL B 22 Bl B SE e sh v L S it s &
HHEAE: EFFH SCXK(#7)20080033 5 . 1FE K
B VLS5 P A A B S B W IR SR R IR ) L
R IR A, (R (222)°C, BEAN
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(50 £ 10)% 1 7% 1 8] 4] 7%
1.3 ROk i 1) £
2 F8 SC IR 10 7 9 SR 222 B 0 1 1) 4% K R
JF iR A o
1.4 HPLC & CYP B % 30 B4R & R ik JiE
Agilent 1100 75 RBAH GBI AC(G1311A PYoT
4, DAD faill#%, HIAH, Agilent fb2% TAEN:,
H 38t B8 ); &% M 4 Diamosil Cig
(150 mmX 4.6 mm, 5 pum), WEN 1.0 mL-min';
FER: 30 °C; #EFEE: 50 uL; SR SIAH IR
WK 1,

FT 1 CYP450 H4H RN 2 3% 4

Tab. 1 Chromatographic conditions for determination of
CYP probe substrates
&Y FBNAR # K /mm
1] 2N 1 0.5% HAC /KIETR(55 « 45) 244
LT 2 T K30 : 70) 254
AMpybor 25 1 0.5% HAC /KIE(35 & 65) 279
BRI ZJiE © 10 mmol-L™" BEFR — S MK 302
(35 1 65)
FRMB TR 285 10 mmol L™ BEFRANZE M (pH 4.3) 230
(45 1 55)

HER NG T 1% BRIKIE T3S - 65) 275
BEIEMEG ZE 15 mmol- L™ KH,PO, /KIAETR(52 & 48) 220
i 2 7 MG T K(52 - 48) 240

EyA LI 2 IK(55 1 45) 227
HEWE ZHEA%FER) ¢ 5 mmol LT BRE(1%H  LC-MS/

fi%) (40 : 60) MS Z3#r

1.5 LC-MS/MS & =il CYP BHREH R P 4K
=)

il 2544 : Waters XBridge Cjg #(50 mm X
21 mm, 3.5um); #FEEAN 7 uL: HEN 30 C;
TENH A S 1% F BRI 10 mmol- L™ B BR 4 VW,
B AE 1%FBRM K. REERFN 75%
A(0~0.5 min, 0.4 mL'min'), 50%A (0.55 min,
0.2 mL'min""), 0%A(1.5 min, 0.2 mL-min"),
75%A(2.5 min, 0.2 mL-min""), 75%A(3.0 min,
0.4 mL-min™").

R4 : WATERS ACQUITY UPLC-MS ##
e R VRO = 5 DU AT ol 3 B F AN (DU TG 2R, AR iR A
MassLynx V4.1 tb2= ARG, HENEFEES); FEmE
B TIRESD;: I & T HESHA & 73
(ES7); 2 &7 MMM (MRM)(WE I B L3R 2);
TSN N BEEESONE S MR SIRE S
350 C; B FYRIEE N 120 °C; B HIE N 32kV

o EBAC R 252 2016 4F 4 H 55 33 555 4 )

(ES")/3 kKV(ES); #EFLHLE N 35 V(ES')/37 V(ES);
b A BN 2 eV(EST)/1 eV(ESY), Hifh = W% 2.

H VDT E % VAN SR 1, i3
HITHEAN 04 mL-min'; IEBTHMES; &
HRMSIR): EMEHBEN 39 kV; HELHE &
N 48V,

2 CYPBEA T AIRAT IR MR 7= 0 fo Py AR A b € By
T 54

Tab. 2 Parameters of mass spectra of metabolites of CYP
and loratadine (IS)

B & HE BT (m/z) EEETIEY
X B IE T (CYPLA) 152/110 ES*
XA EIIF(CYP2DI) 258/157 ES*
1-F2 KL M (CYP3AL/2) 342/203 ES*
SU M E (RF) 383/267 ES"
4-FRFEH R T IR(CYP2C) 184/120 ES™
6-F2 S MEVD 5% (CYP2EL) 285/186 ES”

1.6 FDE X K EAIAT CYP B )40 4E A

BUK BN R E &, A Rguk L
MR - BEIKRE, FHonmER P mAS
CYP B IR E RN 3 3 FIZ 4), IRAIES 9N
AN ZBHIW (KR : 05~125 pmol'lL™'; A: 5~
200 pmol-L™YFDE, Jf LLEARFIIA 7 DMSO N%s
FTHE, ORI N RORE 1R 587 55 A R 20 A0 43 3l
4 200 uL A1 100 uL, DMSO f& B HI7E 0.25%.
T 37 CHEER/KBIRG T E 3 min J5, A 2 pL
NADP/NADPH(0.27 mmol-L™'/0.12 mmol-L™")J 1%
NaHCO; BB B, W8 — e fE, HiEE
AR H IR RN, AJE 1 min, 13 000 r-min” B
£ 10 min, HU_EIETR LA LC/MS V00 5 4 S Vb 25k
&, PAHPLC M€ CYP B HARIRENIRMIREE, 11
FDE X CYP [l 5 Y A 7% P (40 ) 28 2 1Cs0 1L

&3 CYPRME KRB IREF &0

Tab. 3 Incubation condition of CYP substrates with rat liver
microsomes
e %%U%/l E&umgl/ Ws‘éﬁﬂﬂ‘l‘)ﬂ/ s b
pmol-L mg-mL min
1] 50 0.2 5 200 uL VK 2.
T 20 0.5 20 200 uL VK 2. 8%
LS 40 0.5 10 200 uL VK 2. 8%
LSSl 20 0.2 5 200 uL vk Z. i
FROR T 1Bk 70 1.0 90 40 L 10% =& L]
FEWIF 10 1.0 30 200 pL VK Z. i
FEEE 20 0.5 15 200 uL VK Z. i
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=4 CYPRY 5 ARBAEKRET &4
Tab. 4 Incubation condition of CYP substrates with human
liver microsomes

AIREE, ERAWREE E R/

57 B o LRI
umol-L mg-mL min

2 50 0.5 30 200 uL VK Z. i
IR A e 10 0.5 30 200 uL vk Z. i
i 2K 1~ 10 0.5 30 200 uL VK Z. i
AT 20 0.5 60 200 uL vk Z. i
GRS 40 0.5 30 200 pL VK Z. i
RS e 20 0.4 30 200 pL UK Z &
LIEST NI 70 0.5 60 200 pL UKk Z. &
Py 10 0.5 30 200 pL UK 2.
FEEE 20 0.5 60 200 pL VK Z. i
HEWE 10 0.5 60 200 pL VK Zfi&

1.7 FDE X KR RAE CYP By SR HE %
1.7.1 KR4 Z4 18 X SD KEBEHL B 3
4, FH 6 X, HRHl v BAGESS T2 H Sl
W), K. mifl&E FDE A (5% T 40,
160 mg-kg™' FDE (G ilEw, ELSHEH 7d), 8
8 Kl % FFkifk, L “cocktail” -LC-MS/MS V2
I 58 FFAckE A o 32 3 CYP 028 0 A QS 1k
1.7.2  “cocktail” -LC-MS/MS = 5 ok B
Fifkrh 25 CYP BEIETE  DAFAE RS0 BT ORLAA
FRBEASEN 05 mgmL™, kRPN
EFEYIAETRPE T (CYP1A1/2). &MEVD 52 (CYP2EL)
B R fid T IR(CYP2C6/7)s 430 35(CYP2D1). Bk
B (CYP3AL/2)H) DMSO VR &, kR F
VIR E 7 394 5, 80, 70, 1, 5 pmol-L7,
I B A& R&ARF N 200 pL, T 37 CIEIE KBRS
Wi E 3 min /5, MA 2 uL NADP/NADPH
(0.27 mmol-L™'/0.12 mmol-L ™) 1% NaHCO; A
JRBIRN, EEEWEE 10 min J5 IS b E AR
TR g 22k R 80 ng'mL ™) % 1.0 mL Z
R 2,16, RBERREL, HX LIS 800 pL, ZEZEHh
TJE, A 150 pL FshAHE R, T 13 000 r-min’
B0 10 min, HUEJEWIE “1.57 TR A5 E %
U= . 53 A IS 3 7 0% & R e N
SERRZ, THEEEE
1.8 Hdlab

CYP Bl FH R UFAN BL ICso (B A FE 45, ICso
IR WR : @ WE PRE TR T A A e
CYP g B4 28 o Hi] 2% )y=(AS [E1VR FE 2454 2L
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15 AR T e B =5 R AL 45 4 A e B )/t R
HIMAS I HREN R Y & X 100%. | GraphPad Prism
5.0 FRAFHe Tl A M 24 VR FE R BB AR L B
ICsoo MRIEIE CYP Fl 30 1) 58 5 70 0 i Y,
ICso<1 pmol-L™" 38 401 1 7, 1 pmol-L™'<ICse<
10 pmol-L™" Jy s 2558 B HII7,  1C50>10 pmol-L™"
55 A )

CYP 5 S AF H LA AR A& 1 A da bR, CYP
Pt S 5 f A o 9 P DL S IR R R, A
X PE=FDE Ab 3 2 B P/ 0t B 2 i 7 X 100% .
SCIRHAE L X £5 R, A GraphPad Prism 5.0
HH One-way ANOVA 1556 73 Bt 2H 18] 2 5 o
2 H#R
2.1 FDE X KB HORAR CYP Bl (1) 0 i1 7

KB SORE A A4 S 1) B 7T 7R, FDE
XF KB ORI AR CYP2EL R B 4IfEFH, Xt
CYP1A1/2.CYP2A1/2 #31H) 1Cso 1>125 pmol-L ™,
Xf CYP3A1/2 J CYP2CI1 #I|f ICso N 30~
60 umol-L™', %} CYP2C6/7. CYP2DI #lifilf#] ICso
<30 pmol-L ™", Z5H WFE 5.

#* 5 FDE xt KR AR CYP ZAH ICs,
Tab. 5 1Cs, values of Funarodiene on CYP isoforms in rat
liver microsomes

&Y Iqu/pmolL’l
SAMEVD SR (CYP2EL /

JEFFE T (CYP1A1/2) >125
% T % (CYP2A1/2) >125
EH{(CYP3A1/2) 49.4
B EHME(CYP2CIT) 59.5
FRSRT T IR(CYP2C6/7) 23.8
£ X (CYP2DI1) 15.8

2.2 FDE Xf ANJHFRCRifR CYP BRI H
NI AR A SR 78 27k, FDE % A JH
WokifAR CYP2EL F1 CYP2AG6 A Son#lkIfER, Xt
CYP2C9 ] ICso {4 26.1 pmol-L™", XfHAt CYP
E A0 Y 1Cso {5 9>200 pmol- L™, 455 W3 6.
2.3 FDE X} KERIHkA CYP B 55 S 4E H
S@WA AR, KR#ES 7d #H
40 mg-kg™' FDE J&, FFRCHIATETE CYP BEib A&
BRI R 2R, MESHEE 160 mgkg ' FDE 5,
X CYP2EL v PRI I 2 2 1) 164%, 55X HRH
b, 25 B S22 L(P<0.05). 50 ILE 1.
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# 6 FDE x AR CYP At ICs
Tab. 6 1Cs, values of furanodiene on CYP isoforms in rat
liver microsomes

& ) ICso/umol-L™"
SEf(CYP3A4/5) >200
K IA I (CYP3A4/S) >200
T4 K 1S (CYP3A4/5) >200
A T (CYPIA2) >200
SAMEV) IR (CYP2EL) /
FA 2518 T JIR(CYP2C9) 26.1
B SR (CYP2C19) >200
% 5% (CYP2A6) /
HIZEEL(CYP2CS) >200
FFEIZF(CYP2D6) >200
250 -
O S 4L
200 L 40 mg-kg!
00 M 160 mg-kg™! 1
S50 -
#
"
£ 100 -
z
50 |

0
CYP1A2 CYP3A1/2 CYP2D1 CYP2C6/7 CYP2El

Bl1 ARiE4#E FDE 7 d 5 B iR CYP450 & A
B TE (=6, Xt5)
S AL, VP<0.05.
Fig. 1
microsomes after oral administration of furanodiene for
successive 7 days(n=6, X ts)
Compared with the control group, ’P<0.05.
3 itig
CYP g nl DA AA P 22 Py 5 FH S MR 4
Jit, AE 25RO Y AR AR o B A
e - 2549 7T gk X CYP 5 3 el /e
i & H 2GR AR oA, SRRt 254-25 4
FUEAE M. L, IGPRAT 5 %2583 CYP450
BV RIS, A B TR e et T2y
YAHEAEH, 18 SZWRRITR
KRWFFEHELE T FDE XK RAAEZ CYP450
Bl (AR VR, RSN B K R FDE X 23
CYP BIEAYJL-FoAR B MHIVER, A0 KB
KL CYP2C6/7 RN RCKLAA ) CYP2C9 K I
S IOHRIE ), 3 1Cs0 350 23.8 pmol L™
A1 26.1 umol-L ™' Pei 2L 10 mg-kg ™ 44 K RE
B FDE, H A Cpuw <04 pmol L™, &K T

Relative activities of CYP isoforms in rat liver

o EBAC R 252 2016 4F 4 H 55 33 555 4 )

ICso: 5 RRERE 20 mgkg' FDE, H#%4h%)5
1~12 h iFAEH FDE B EE, KILFAE 5 h il
1.11 pg-g (%18 5 ymol-L™"), K, FDE %f CYP
il 7 A A W PR SCIA AR FE 1R Rl BE MR /)

FDE A& Py %t K B ROCRAR CYP B 155 5 5t &5
BEW, KRES 7d #E 40 mgkg' =5
160 mg-kg ' FDE J&, %7520 5 %t & 4L Aok i
T CYP Mg AR BRI R ER, &R
CYP2E1 i PRI 55 15 SAE M, X HAth CYP
TR EHE S LT 160 mg-kg™' ] FDE Uik &
T 255504 %0, 1 FDE S RFACRLR CYP i
i SIERH JF A . T AMNEYIX PXR (1305 2
CYP B S EENHI 2 —, (H2SCHRIRIE KR
5N PXR (ECAR LS & 5 AAA 76% IR ED,
Ub, MR R 5 45 R rT e A e S AN
IE4h, L PXR-CYP3A4 J2 CAR-2B6 #f 75 3 [ i1
%27 FDE(10 umol-L™ )%} A\ PXR % CAR /& 75 A
HEGEEA, 4528728, FDE X} PXR } CAR [
WS Ve F AN B M CYP3A4 i 5 5 Al 48 T
(10 pmol-L ™" &% CYP2B6 % 571 CITCO(2 pmol-L™")
1 35% /% 3%, $#&7~ FDE i 7% N PXR & CAR
Xt CYP3A4 J: CYP2B6 =4 I PR LI ] fg 1
AKX

ZE bRATIR, AW S T FDE X CYP B4
A SR, 45 B 57, FDE U KR CYP3AL1/2,
CYP2D1, CYP2C6/7 FIN CYP2C9 W x5 55 il
fER s SxrMRA bR, REES 7 d #H 40,
160 mgkg' FDE, X & 7 & 41 i B ki ik
CYP2E! BiE A —E 25, 278 FDE X}
CYP Fgifs FAE A
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Berberine Protect Mice Againest CCls-induced Acute Liver Injury
YAO Biyu, HUANG Zhiming*(The First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325401, China)

ABSTRACT: OBJECTIVE To investigate potential protection and mechanism of berberine in CCly-induced acute liver injury.
METHODS 30 male C57 mice were randomly divided into three groups: control group, CCl, group and berberine group. The
mice in berberine group were injected berberine(10 mg-kg™', ip) before 1 h of CCl, injection. Moreover, the mice in berberine
group and CCl, group received CCl, olive oil injection(0.5%, 5 mL-kg™", ip), and the control group injected with olive 0il(0.5%,
5 mL-kg™", ip). These mice were sacrificed after 24 h CCl, olive oil injection under anesthesia. Blood samples and liver tissue
were collected. The liver dysfunction were evaluated by examining ALT and AST. The pathology of liver tissues was observed
according to HE staining. And the protein level of JAK2, STAT3, p-JAK2 and p-STAT3 were measured by Western blotting.
Moreover, the expression of IL-6, IL-8 and TNF-a were evaluated by RT-PCR and ELISA. RESULTS Compared with the
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