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(HEE] HM  RIMIE R PR R R ROR R CYP3A BOIMHISN . Jiid AR & 7R 5 U ROR: (4
L ARECIRTE 37 CRBEE e 8OO (3% - 5 MR E PR BT IR B A QI 7 W A R 133 1Cs, {78 NADPH f£7E S0
FAERS R BB TR S BUIFRORAARTE 37 CTR 3BT F 0.15.30 min JSLESEREF 1S min, P 5E SRET A A9 FQIF 7 P 26 A
WA BE TR CYP3A S| I R . 75 J6 NADPH A77ERE 5 A [l BE & T IR BRUHRORLAAAE 37 °C7F 7351
BBFF 0,30 min J5 4kZE 0 F 1S min, 0 PRET R HOACE™ 40 A2 R, THIE P SE R 2 1Cs, P R AH (1Cs, shift) . W%
2.5 hN B TFRRAEEEAM- 1] WG R Y484k . 76 JC NADPH fE 760 H-PT 4 5 1% 8 1 R M BUFRORLARAE 37 °CF L[]
BB TT , WLEEHT AR I H IR ZE AR 2K C RO IA BEE T IR AM 55 B2 A2 . &5 0 TR CYP3A KRB kAR
AN (P <0.05) ,1C5 4 130.2 pg/mL, fU5# 7 JC NADPH F77E M}, B 5 AR X CYP3A 8 i ik ) 47 4 i ( P <
0.05) , HLM 58 BF 6 K F NADPH f77F (Y S8 41, 78 JC NADPH {7 7E i, & 12 5 WU SOk R 7 37 C R o i Wi &
0 minFll 30 min, PiSEE2H A 105, FAL RIS 1.9 FAM-AT WL AP AR B , B TIR7ER B b A T 2
JOBE" ) o AR BN BE S35 AR B TR XS CYP3A HUIIHIRE ) (P <0.05) . &5 PR TIRXT CYP3A il PR )
HH R AN A ], AT S 25 - 25 WA ELAE P A XU

[ K] PR TR OB A CYP3A; R
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Inhibitory effect of gallic acid and its oxidation products on CYP3A in rat liver

microsomes

Shi Liang, Zhang Yuandong, Wang Erhao, Hui Junmin, Guo Yanlei, Yu Chao (Institute of Life Sciences, Chongging Medical
University, Chongging, 400016, China)

[ Abstract | Objective To investigate the inhibitory effect and mechanism of gallic acid on CYP3A in
rat liver microsomes in vitro. Methods Rat liver microsomes were incubated with different concentrations of
gallic acid and probe substrates at 37 “C. The formation of metabolites was detected by high performance liquid
chromatography-UV and IC,, was calculated according to the formation rates of metabolites at various concentra-
tions of gallic acid. Gallic acid was used to pre-incubate with rat liver microsomes in the presence or absence of
NADPH at 37 °C for 0, 15 and 30 min separately. Probe substrate metabolite generation rate was measured to
observe the time-dependent inhibition of CYP3A after 15 min incubation. Different concentrations of gallic acid
and rat liver microsomes were pre-incubated without NADPH at 37 °C for O and 30 min separately and ICy, shift
value was calculated according to the formation rates of metabolites after 15 min incubation. Time-dependent
changes in UV-visible spectra of gallic acid within 2. 5 h were observed. Antioxidants such as glutathione and
vitamin C were used to incubate with gallic acid and rat liver microsomes without NADPH at 37 “C and the
effects of antioxidants on inhibitory potency of gallic acid were observed. Results Gallic acid exhibited con-
centration-dependent inhibitory effects on CYP3A (P <0.05), with ICs, value of 130.2 pg/mL. Pre-incuba-
tion with rat liver microsomes in the absence of NADPH, gallic acid exhibited time-dependent inhibitory effects

on CYP3A (P <0.05) and the inhibitory potency was much greater than the experimental group with NADPH
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in pre-incubation. Between 0 min and 30 min pre-incubation experimental groups in the absence of NADPH,

the IC,; shift value was 11. 9. Two reaction products of gallic acid were observed with UV-visible spectra.

Adding antioxidants could significantly reduce the inhibitory potency of gallic acid on CYP3A (P <0.05).

Conclusion  Gallic acid shows irreversible inhibition on CYP3A which may induce drug-drug interaction.
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gallic acid; liver microsomes; CYP3A; rats
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CYP3A {2 CYP450 i Z v 5 o T 29— Fb I
Y, 2520 38 A2 150 Z Rttt . K ERF
FERW], 25T RIVE TR A 5 NP E R CYP450
il 28 Q9 1 A R AR S UTAR G . TRk, T 9 25 ) %
CYP3A BRI , X Tl R & A2 A A HE S
EREN . BT (gallic acid) , &4 A% T8,
ZAFAETHEM R R DA B e, BA
R N E. AP RIRE TR ABA TR
T BT S 2 AR SR A U Y B 2 R
BRI TR, R 2GS B, R &
A - 25 25 A A Y AT RE PR I, R T
PRI ) T2 AFAE T L0 M 2R 25 2 8 v X [ it 38
TREEY- YA AR IR RS . F AT, B A
BEETERXT CYP3A 1 PR M BB FE 8 o AR WESE il
TSN IR BT T T B TR S RN R R B
CYP3A T P4 A 0 i 250 7 S AL , 4 7 28 CYP3A Ui
25 5 B 1 BRIK A5 I m] E 7™ A= 25 9245 W A
HAEA

1 HRSHE

1.1 A LKA

LC-2010A &5 380 W AH £8 315 R 48 L 5 A I 4% ( H A B
) ;TB-85 BUEH KA ( H A5 A R s R21G A 5 ¥ ik
ELOHLCHA HSLA ] ) 5 SB-3200DT 88 75 I 1 Ve AL (T H7 2
vl s Elix10 @82tk 4k & 4t (35 E MILLIPORE A #] ) ; 4140
SIHHL(FEIE TKA A ) 5 XS-105 7 43 2 — K % R (Hii 1
METTLER TOLED Z3#]) .

BEFRR(AE >99. 8% , it 5. LJ0505B019)) Iy { BIO
Biobasic/\ ] , S ( 45 B > 99. 8% , k-5 :139700232739111) iy
H Fluka 2\ 7], SACBEN B Aladin 23], B2 J57 P 6B 19 81 450 0l
- 1% 1 26 W I S0 ¥ . NADP + ¥l [ Sigma 2\ W], H W A
Tedia 23w, HABGH Ry B 504l
1.2 KRR H &

TS T ~ 8 AN SD KB 10 H, KB (200 £20) g,
i E R ERR 2= 3y O SR g [ S8 sh ) i 1P AT IR
SCXK (¥1) :2007-0002] .

FCEUBT S A0 BE UMY, FH PBS YeZ + #6825 550
P A ORI 0l 4 58 RS T PBS 28 TR B I A, R
T -80 CokFH AR . L/ B & AR, R
FHI Lowry 3500 2 SOBEACE 19 7 A5 P OB A4 35 11 >
35.2 mg/mL,
1.3 gAa&At

Wit HPLC-UV B0 2 CYP3A iS4 6p-5 5k
S Y A R Ok TE A CYP3A 9 3 M 8 3% 4E S Waters
Symmetry C18 1 (4.6 x 150 mm,5 m) ; i SlAH Ky HBE-7K , 46 B
VER , B BEAK R UG 3 oy 52 48, 78 12 min PYZAE K 70: 30, 4R
JEAES min Y75 A 80: 20, % 5 76 3 min PR 1] 52: 485 H: T
30 °C ;iR 1.0 mL/min; K £ K 254 nm,
1.4 ERTRMGBTHEER

TEHFR U & FRRAR S % T PBS(pH Ry 3.5) i &
R A 250 we/mL 3, B LA W 200 wL 5 1 800 pL
PBS(pH J 7. 4)IREGHAFHE T 37 CKIBPELEFF 2.5 h,
PSSR X0 J AT S W K B, e TR
B de RO K . 2051 F 0.0.5.1.1.5.2.2.5 h JUiF & i
TE ARV B TR e R RO (A i 628 B . AN [R] B[] A
215 0 h I E AL L % B M B 4 LR PTEMM I B F IR Y
1.5 EAFERAT CYP3A %) 64 R AR #ibt % 28

¥ % & F R (VR4 %1k 500,1 000,1 500 pg/mlL)
20 L, 6-B R A 445 (100 mmol/L)20 WL, 6~ % i 2 HE i %
fitf (10 U/mL)20 pL, % f648% (40 mmol/L)20 pL, K BRUFF-fcki {4
(2 mg/mL)20 wL, Z2-10% H B (150 wmol/L)20 wL,PBS
B (pH S 7.4)60 pl, 7E 37 C/KE F M H 3 min, I A
20 LY NADP + (10 mmol/L) %V 30 S I, M5 & 1A R S it
200 L, ZRZE5FE 15 min Jig FH 180 pL K Z G281k N, A
20 pL JZJFEE(100 wmol/L) 5 WA J P . TR & YR p o
LHLFEL2 000 t/min R #5.00 15 min, B 3% 3 HPLC 4347, #E4E
120 pLo 25 (141120 pL ) PBS(pH % 3.5) R (X Tk,
DI FIRA S 2 A4 6B-F2 RL 22l A= il 19 43 LL R IR
CYP3A {42l 16 1
1.6 % A&F BT CYP3A 39465 [Co 48 M] &

KRR & R, % % T PBS(pH iy 3.5) Ll 5L

5 mg/mL ¥, i PBS(pH g 3. 5) B EERR B A 4.3.2.1.0. 8,
0.4.0.2 mg/mL FIEW. #&IE 1.5 B9 T7 R DL 45 ok B2 135
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PR 20 pL A SR & R R h e s A E . 23 (4 20 pL
PBS(pH Jy 3.5) (MR & T2, IR E FRRA 52 (4] 6B-
R SR A B 0 TT 43 FE R CYP3A Y 0 A T3 L il
GraphPad Prism v5. 0 80422 il 1% £ 2 e B2 o 780 % it % 1 1)
H 218, 185 1C, .

1.7 &R B CYP3A Jph o B RAR HMEH R

SRSy R 2 4, WU B I NADPH 7276 525541 ) NADPH
(+ )4, Wi F IC NADPH £77E 1Y 5290 20 2% NADPH( - ) 4,
NADPH( + ) ZH (b ¥ 5 2% K I & TR (150 wg/mL)20 pl,6-
W A 4 (100 mmol/L)20 L, 6-A R 4 4 Hi i Ut (10 U/mL)
20 pL, NADP + (10 mmol/L) 20 pL, ZfL%% (40 mmol/L)
20 pL, REUFRCKLA (2 mg/mL) 20 WL, PBS W (pH 2y 7. 4)
40 pL,7E 37 CARE T 43T E 0.15.30 min; NADPH( - )41
TR AT PBS L (pH 4 7.4) 08 NADP + , HAl 5250 5%
SEAARNA . T E SRS A 20 WL #9 NADP + (10 mmol/L)
F120 WLEERR-10% H R (150 wmol/L) ¥ Wi W] e 81 | T,
ARSEWFE 15 min J5 ) 180 wL WK Z AR, iNA 20 L fiz
JREE(100 wmol/L) AR g A5 o TR A5 WAE FH o o 25 O HILAE
12 000 r/min F Z5.0 15 min, B [ # HPLC 4347, #ERE & R
20 pL, IR BTS2 A4 6B-F8 5L 520 A il ot 1) 1 43
FEPPH CYP3A () F) A I 1
1.8 1Cs, T4 3

R il B B 1 F R, W5 % T PBS (pH y 3.5) v fic i Al
1 mg/mL %3, 1] PBS (pH 2y 3. 5) 46 B i B i 300,250,200,
15010050 pg/mL (AR ¢ T, 25 V4B F R FH R R
PBS(pH 2y 3.5) {08, BRSEH kS 1.7 h NADPH( -)
UK 2 2, —2HAE NADPH RAFLER I B0 T R 4% ik
BB TR RUF RO AL F U 0 min, 75 —417¢ NADPH R
FAERY R LT U A 30 min, T & SEHUS I NADP + FEY)
SRR LR G B R, R 15 min J5 ,3F HPLC 347, R i
20 pL, LIRS TR S 25 (14l h 6B-7 3k S2 R Ak it 14 71 4
PP CYP3A BRI BEE P . JH Graph Pad Prism v5. 0 3Rf4x
) T8 R G R X T A T 0 R R IR AE 2 41 1Cs,
AP 0 FLAE A5 1G5, RS (..

1.9 ERFERE =My 5oh-7T oAk Kkiars

FEPRIBOK & T A S 5 % T PBS(pH 2k 3.5) fid
R R 250 g/ mL (¥, BCDL VA 200 w5 1 200 plL
PBS(pH }77.4) 200 wL 6-5 2 %45 %% (100 mmol/L) 200 pL
- R 1 A W I UG (10 U/mlL) (200 pL 544k %8 (40 mmol/L)
RAWAEE T 37 CHRBPELME 2.5 ho 4057F 0.0.5,
1.2.2.5 h BURE I T 84007 Wot &K A, AR
FEl 24 200 ~ 800 nm.

110 308 3 & T B A 4] A5 0 09 4 5%

SRSy 4 4, BN A S TR R TR + AR
HRH RS Flg + i E Cdl. LR FES R 1.7 o NAD-
PH( - )4, A4 A KB FIRIE R 20 wL, B & F R4
ABETRR(1.5 mg/mL)20 pL, BB TR + A BEH R4 A

BEFER (1.5 mg/mL) FIABEH K (50 mmol/L) 4520 wL, % &
FiR+ AR CHIMARE FIR(1.5 mg/mL) figA4 %K C
(10 mmol/L) 420 wL, TMF & R 1 SR 200 WL, B 8]
15 min, W 521G A NADP + F1Z2HR-10% FP Ly W v
LR 20 N, ARSI 15 min J5 H 180 pL K O G2 1k
NE, A 20 L B BERE (100 wmol/L) AR N N7 . TR A ITE
JH & B HLEE 12 000 +/min R L0 15 min, B & #F HPLC
AT, ERE SR 20 pL. DISEEG A 525 H Al 6B-FR S S I A
BRI E 43 LU CYP3A (1 AR B 1 o
1.11 it 3o

Hodla b AN GE TR A GraphPad Prism v5. 0 84, 48] He A
RS 2001 K gk iR 0.05,

2 #R

2.1 EZgFmafaEn

WANEE R RN pH R 7.4 388 7 37 C, EETRREL
ST ATREAERE . I ERAN-TT WL I R TR E
FEFRETFRMREE, WE 1, giRERH, BB TR Kk
WA 259 nm,, BEE I E TR LER , & TR 6% B EH
H—E R BEFRAG 2 2.5 h W FAIR 2 R 2% . BRIk
HMIEE BRI S 1 h, 8O B F R AR W ok 152 m af L

2
98T

96 I

AHX R B (% )

0 o.ls 1?0 1j5 2'.0 2'.5
] (¢/h)
E1 WEAREEERTFEREEE

2.2 EARTFERA CYP3A 69 AR M4 4] 5K

BTG CYP3A j A 1 4l , ELRE A 358 1 PR VK JEE 1Y)
B, A0 R S B R A, U I 0 LA YR AR (P <
0.05), UWKE2,

80
B
o 60
=
E 40
Hie
L 20
s
0 0 100 150
W TR (ug/mL)

a:P <0.05,5 50 pg/mL % A& FHBRAWE; b:. P <0.05, 5
100 pg/mL% & -F Bt 20 b8
B2 FREKEEZRFEI CYP3A BilH
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2.3 EATEA CYP3A 394l 49 1C, 14 ATHEFF 0 min
° 2 :
W EC TR CYPIA TEAER S, 1Cy i1 130.2 g/, _ 00} T R W 30 mic
95% [ {3 X [ [H % 104.3 ~ 162.4 pg/mL. VLI 3. % 0la
e I
100 g oor
N &
T g} ® 40T
% ° ﬁ 20
r - L I
2 o 2 = ) | | | |
§ i 08 10 12 1.4
= R TR (log pe/mL)
a9 -
= % B5 RRRELATRTNE RGN AL 1Cy T
0 s 20 25

WA TR (log peg/ml.)
B3 FAERELRFEI CYPIA FIKBEFEEML

2.4 EAFERAT CYP3A B H4R #MEHp %) 69 3% vf
2 ANSZIS 2 B TR X CYP3A {19 3 ) 15 52 B0 H 5 1Y
NADPH &6 1:. H 78 AH R 64 509 & B3 18] T~ , NADPH ( - ) 411
PSR AL A B 7= T NADPH ( + ) 41, NADPH( - ) 2 4 22
FEH B A B T AR A (P < 0.05) , T € NADPH ( + ) 4141 il o)
JCEH A R . X R R I TR 7EJC NADPH A7 7 119 15 0%
Bl ferE AR T RN N Y, K CYP3A 7= A R E] 8 1 3
EL@ 40
025 EBNADPH(+) EANADPH(-)
020 F
0.15F
0.10F

0.05

63~ 4 S A Jii et (pug/mL)

0 15 30 o
9% & IS ] (#/min )

a:P<0.05, 57 % 0 min }b4;b: P <0.05, 5 7% % 15 min #)
NADPH( - ) 48tk
B4 EEFEXT CYP3A H)HI B E BR S

2.5 1CyFA %5

S LR, JC NADPH 774 B THE O min [ 5256 21
1Cy, 4 227. 8 wg/mL, & NADPH FEZERT 0% & 30 min (15286 2H
1Cs) 4 19. 14 pg/mL, BISZE A 1C,, RS ] 11,9, 1C,, FAE(H
> 1.5 WA BT B R 1Cs, PR . X PRI & TRl
ABE L 2E BT — PP B ) R R N A CYP3A = A AN H]
T, EL R R N P 7= AR R AR & B NADPH 4§19, WL
K5,
2.6 RAETFERR AR A R k3R

16 450 nm F1 620 nm 4b LT 2 ASFTAY I, H 2.5 h
P o R AT Ak 2 1 I 5 D o 0 1 38 o T 3K, 0 B
WEFRRTE TS M B R T RN WLIE 6,

0.08

0.06

0.04

T B E

0.02

0

~0.02 1 N N 1 ' )
200 300 400 500 600 700 800

K (nm)
B 6 &RFEKINYAEINRT ALK

2.7 AR MFELFERRGIHAER

WA FRRA 525 H4IAH L, CYP3A (35 P B 3l 78. 5%
AT BRGNS B H RS 3 d Hp ,  FRR X CYP3A i
AR HF 51.2% (P <0.05) . fiIn A4 2 C HSL58 4l b 3l
FRIEARN 48.4% (P <0.05) , X 156 BHHT 05 AE % BH W ook 55 0%
BTERXT CYP3A AP, F S8 6 1 R 5 22 8 o A A
AL CYP3A 7= A R al g A ikl . WL 7,

100+

75+

S50F

25t

CYP3A FIASEHGE (%)

0

1 2 3 4

L W2 8 RFIRA;3: AR TR + S H KA 4. T8
+#AFCHA a:P<0.05, 5% a4k ;b P<0.05, 5% &F
B 28 pb A

E7 fmEFIReFERAMHIIER

3 it

M (3R PASO il 2 7 N AT IE A 25 1 1Q3l b K
R BAE I, S PR i S 22 - 25 WA AR ]
R DL S DR 22— SR LR AT 43 S AT o
FOI BN €31 N B e X R N B i 41 e B VS
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R A AR S 2 TR R T S A
A, B ISR 0 HE R ARG T A i Z AT AR IR
H XA 85 6 2 A WA d vl BeAE R e R AE A ik
K H BARBERN o R, AS AT 3 P o il 2 — s SR
Sk A 5 B2 - 24 R A B XU B
KT, CYP3A R CYPAS0 fifg 2 Hhd o 352 f) — F
WA, 25 AR R ZE2 P A, B A fl AL
Wl R G EA o SR S, AN AT A Y R
DA Ay 2 8 s T AR 0 ] %) 7= A ) P e AR

AT IR B TR A R AR S R OR
. AXEHERERETEHETRANE KN EE
Ve, & BB T RRAE AT B (%) 9% & 0o 1) P 22 2 1) o fie ot
SCEEE IR RZ A AT DL 220 7E U B B A7 #F NADPH
FURAEAE NADPH 15 F 15 0 20 0 0 5 1 3 & 1 R ki
CYP3A 1| A B (] ARA 1: . & BAR A T T B A2 7
NADPH {58020 , NFEAE NADPH 525 4l h ik &8+
FiR Xt CYP3A (1R300l S22 B o B S8 A s [ s, FEL410 i
[E[z07a R A A N =S e o0 N1 B R e G R D PR e e g i
EAL AW 5 CYP %A Jh g 4, BRI, #E)
F£ NADPH RAEAERT A BT 50 52 7740 o

Syt — SRR BLG 7 A R SR, AR Y 525 A 6
SCER[ 11 ], #6471 1C,, PR 5280 . 7 NADPH R A7 AE
AT LT KA TR B 0 1 2 55 U GOk A4S 43 301
J¥E 0 min F130 min, #5% & FER7E NADPH N{F7E
M OL T & RBA LS CYP3A SN EE& W RN =1,
B2 FIET 0 min F130 min A5 520 r= 4 A i 1 i 32
2R FEIC A AW WAFFS . S0 4% I 2 1 i
B Omin HE5WIFE 30 min H L, IC,HALET
11.9 5P, 28k = F FDA FLE Y 1.5 5 B
E" . WiRE 0 min 410 ICs 353 T 227.8 pg/mlL,
T ARG AN X BB IR A B B4 i g
5 RN 7 2 B0 SR A R BE Ty o PRLEE T
58 N T ASAETE NADPH , B 8 2 8 =4 o 32
NADPH A 54E %, 1fif 7T BEJ2&: B 4 NADPH A 11 Ho A
WA, ORI S, A A 5
SN VE:E T

S 56 vh UL B U Hh AE AE NADPH (1 52 5
2H, BT IRXT CYP3A Byl 58 B4 55 T NADPH N
TEAERYSEG2H . NADPH J2—Fpak sk 4 o , o A8 %
B IR RE A A AN AR B T AR, 1 NADPH
REW/D AL = A i . ARBIFTE I SR 2
FAREEL RN T PR T 500 A B 38 2 i A ST eGR4
JOEH R AN GE AR 2 C, AR B 1T R A 00+l 2550 i 555

MIERAR o AR AR BB T R A R i 2
TR AN AL R £

B T RRAME AT LM 258 T, ARSI (200
SFHRE MU PR RA RS, BRI
CYP3A 7 A A nl i pE 4l , X /R B TR S &
CYP3A R 258 & FH I AR A 7] AE- S B 25 W-25 Wy Al
HAEM. 750, HE &R & B TR ah Yok
IRf R R B R A OR AT S R B T IR =S P AE
T A% CYP3A HAT B 4 i BE 1 1) 8401, 34
IETER Y- 25 WA F AR TR AT BEME

S Xk
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