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Abstract: Wuzhi tablet (WZ) is a prescribed herbal medicine extracted from Schisandra sphenanthera, which
is widely used to protect the liver injury and drug-induced hepatotoxicity in clinical practices. Previous studies
showed that WZ significantly increased the blood concentrations of tacrolimus, cyclosporine A, paclitaxel by
inhibiting the cytochrome P450 3A (CYP3A)-mediated metabolism. CYP3A4 and CYP3AS are the most important
isoenzymes among the CYP3A subfamily. However, there are some differences in the catalytic and inhibitory
activities between CYP3A4 and CYP3AS, which may lead to different risk of drug-drug and herb-drug interac-

tions, and the risks may be further amplified in vivo. Currently, few reports have compared the herbal medicine
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inhibitory effects between CYP3A4 and CYP3AS mediated metabolic reactions. Therefore, detailing the inhibitory
effect of WZ on CYP3A4 and CYP3AS5 will help understand and predict the potential herb-drug interaction. The
results showed that WZ inhibited CYP3A4 and CYP3A5 in a NADPH-, time- and concentration- dependent
manner. WZ showed more potent inhibition on CYP3AS5 than CYP3A4. Cautions warranted when combining WZ

with other therapeutic drugs to avoid the potential herb-drug interaction.
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NT BRI BRI = 2 T A, R
W R 5S40 (P 4) FIREA . S8,
2RV 245 BB T R R AR R R - P 25 25 ) AH
‘HAEH (herb-drug interaction), ‘T (™ & 1A K FH 4.
Y g {4 2 P450 3A (cytochrome P450 3A, CYP3A) /&
I B EZ BB, 2513 E K 60% 697 259
AL, CYP3A4.CYP3AS /& CYP3A 5 ik fix 5 &
PR, T NEIIE & & &%, CYP3A4 #
AR N [ B R i 368 s = 22 1R ARG R 17 CYP3AS
N R 2 EWRE, £ 130 AM AR 12 1R
[ N TR A 50% I IE CYP3A MR ™. R4
CYP3A4 1 CYP3AS [ & L 1R 5 4] [R5 14 =1 15 83%
JEE S AR &Y, (5 L R R TR AR i A
o 0 R UM BRI RS, X TR 2 A,
CYP3A4 [ fi 1k ¥5 1 4 4% Ltk CYP3AS &' 4R,
CYP3AS X F 5 F IR IT B 48 I 25 W an i i yee
2K A T RN G 2 100 ) 751 At 5 S PR3 B AR 1 BT
Bk = T CYP3A4TY, WL, XF CYP3A4 K CYP3AS
PR I 22 S ] Re 2 S BUR A R 2504 BARH, X
b RE B AE R IR AR 7E A4 N TT R = p it — Dk . B
AT, R % T 255 CYP3A4 & CYP3AS /i 5 K
AR S L0 A 22 S ORI 7T o IR b, ko B o R 2 et
CYP3A4 J CYP3AS 4l /E FH ) 53 [\ ] DLHS Bl 34 g
JAAS B 20 AH BAEH .

i 7 A& 4e R LUK T (Schisandra sphenanthera)
) I 42 U B8 T 1) 5 (1 24 1 5 Z220025766), 15 2
WHERDSNKBERRLEY, BFEA%RTHER
(schisandrin A). LIk F £ % (schisandrin B). fL#%k F A
% (schisandrin C). LWk 7B H (schisandrol A). FLWk T
g 7, (schisandrol B). 1o ¥ li§ H (schisantherin A)
20 FLA YU A B A5 45 « 4G 40 AR 4
T BETT & PR 05, G048 F T D76 il #
BRI 24350 T 2 R M B 92 400 o) 70 At 5 25 =) iy U 45
O AR AL 2 BT R HPLC I 5E T F.BE A 34
AU R HPLC-MS/MS 52 T F 7 o A flg = %
BT A ' AR R FL AR R 2 R R TR
BF A B 1 700 0 B P B AR I 2R 1 oy T i
I CYP3A R 14 AT A5 8 A iR BlOR B

CYP3A KW —fih 50 55 7] \HA il 3R L 5A2 B 45 1 1f 243K
FE 3 T A, A AN D SCERP PR 0E
TR B FEAR NG 2205 14 5 43 vT A il & 4F CYP3A
BTG E . H A 23 Twata 2P0 36 [H 2 % Seo 2521
8 LR 18 H L TR B £ M gomisin B gomisin G
gomisin N 7] AN [F] F2 B 410 ] N\ JH-ORL /& CYP3A % 1,
FLR T B TLIE T EE 26 CYP3A & M 1 30 ) 4
2 I T R FEE A0 R P, (ELIX R AT 5 48 R X 4 LR T
0 M A B CYP3A4 B CYP3AS 3 A F i 57 1A o
R 2 3 PYHGE Tk R Y A gomisin G AJ i 2 411
CYP3A4 J¢ CYP3AS K& M (1A, 0k 1 fis F
X CYP3A4 [f1 30 /F I Eb CYP3AS 5; 1fif gomisin G Il
FHI, HoXE CYP3A4 B /E H B CYP3AS §5. 1l A,
AN ) R T35 1 20 X CYP3A4 [z CYP3AS f 4101l
VB AR AE 22 5, AN 25 58 TRk 7 5 — i 5t CYP3A4
S CYP3AS Hil A FH 14 22 S AR M vHE fff 1t S s R T
W1l 75 6 CYP3A4 B2 CYP3AS 401 4 FH 1) 2 7, %t
T IR B Tk T 1 550 - G 24 24 0 1R) A B A F O A
TR PR -

FLE A2 BT E IR 25 8 R 2,
& TR SRR I B 07 11500, B4 A o i B, HL
YR E B BF 70 FLBE X5 CYP3A4 K CYP3AS & T4 1)
FIHIAE P B FCRFAE 1 S () B B IG PR IR IT 5 R A T 2
X SR, H AT A Tl st CYP3A4 L CYP3AS i
PRI FH A LR IR DI 9T . DR, ARt 50 R
FH CYP3A & I K IA M4 (midazolam, MDZ), LAk
ISP AR 1-FE B KA M4 (1-OH MDZ) 142 i
HRRIR CYP3A HIBGIEVE, 2542 G 2 it N4
CYP3A4 (recombinant human CYP3A4, thCYP3A4). A
H 4 CYP3AS5 (recombinant human CYP3AS, thCYP3A5)
e T 2 P s 1 B A P ARRAIE LA o

MR5EE

AmERF s (TR 2 R A ],
L5 091026); il B e K i Ji7 D AR 5 Jla g P2 i — A 1
Fi% 1 iR (nicotinamide adenine dinucleotide phosphate,
NADPH, Sigma-Aldrich 24 #&); K15 M £ (midazolam,



ENEAAE: TR PR N CYP3A4 f2 CYP3AS B 20 Filg v P (1) 40 i 4 FH 2% FEmL i) © 2455 -

MDZ, 99%, IL Co., San Bruno, USA, Lot No. 750149);
1'-¥2 3£ Bk 75 ¢ (1-hydroxyl midazolam, 1-OH MDZ,
98%, IL Co., San Bruno, USA, Lot No. 472031); i liZ
A (5 20100401-1). B R A A (S
20101202-1) K S ALEE (k52 20110201-1) ¥ H T
PN 2500 BT 2R R R R R S 95
TEDIA {71 2 w1 5 €385 73 b S 56 v i 370 38 O 1%
afi o FEHTARIE B AL S E A EARG IR A (B
F&: 8000~ 14 000 kD, D36 mm).

AEERREUIECH] R TR E i A A
I ESSEE . BARERE G0 R BRI B B
WA, FRE— e i TR AoR R, i 100 % & G
K EE (wiv=g:mL) JE%] 5 75 60 min, 3 500 g &0
10 min, U B W . BRI 100 £5 5 1 TE /K L BEVR 2D
J& 87 60 min, 3 500 g 5540 10 min, B E3EW. A2k
FIEW, BT RS TR AR
(DMSO) ¥ fi#t, FL Kk B8 0.4 g-mL™" (7% TR F i F
20 mmol-L™) [ FLE 7 42 B it 25, —80 °CLRAF o

1XEEIE % SHA-C RUE R KB IR %% (&I
B A 2R R A F]); 5417-RAK IR s B O WL (4 [
Eppendorf /A &]); Surveyor 1= R R A - 5 i Bk F A (35
Finnigan A ).

WERR WEERRLMEF200 uL, KA R T
% NADPH (1 mmol-L"), thCYP3A4 (12.5 pmol-mL",
BD Biosciences, 3% [E) & rhCYP3AS5 (12.5 pmol-mL",
BD Biosciences, 3% &), f B8 #h 2% #' ¥ (0.1 mol-L",
pH 7.4) e WRiE M o Kok e A & & 1) DM SO B il
B P 2 20 mmol-L 1 BEVR, 08 B 52 B0 BRI
TR R PRI ) U N ROSAR FR A A AL R
EE/ANT 0.5%. KNAE 37 CRBHF AT, HiEE S
min, I\ NADPH 5Kk Me 2 )5 3 & 82, =5 vk
AT H AR -8 G I mL& LN, e
ST (RIS W () LC-MS/MS J5 V12 B R A b 7 )i i3k
FEGP AT o DABKIR W AR ) 132 R IR 2 1) A
W HE LR CYP3A KB IE 1 .

T fig B 12 BN Xt rhCYP3A4 & rhCYP3AS SE 14
BIHNSEMER BB A A IR thCYP3A4 K
thCYP3AS 3 11 #0175 FH, %20 1 i€ Tl v 2 B 2
TR CYP3A SR . HARERAIEW T HBLrthCYP3A4
(12.5 pmol-mL™") 8¢ thCYP3AS (12.5 pmol-mL™), JII A
2.20.200 pg-mL" () Tl B $2 B (9 & 0.1 1,
10 umol- L FL R T8 H) & 20 pL BRIE M (IR N
5 umol-LY), FHPEX B F &= M B AR E . LRAKE
A R AE 37 °CoK I A T S min, Jil A NADPH (43K /%
1 mmol-L") JA&h B . 4kE0EH 5 min &, 1A VKHL

TR - SR G 1 mL&IER N, T
(1) DK 35 M £ (1) LC-MS/MSS J5 V%), W A A Ak B J 3
IIHT o DABKIE MR FRIAR I =4 1-353 DK e 1 A
R K IR CYP3A BTG 1

HEg F IR %t rhCYP3A4 K rhCYP3AS 5& 14
BY1E FHHE R AL )

NADPH Kt £ s 56 g 7 1 BH 8 Fr 42 B »t
CYP3A ¥% PE 1 I R AE, 25 52 JLXE CYP3A ¥ 14 1 )
il FH & 75 47 76 NADPH fk i v, it 7 AR P4 s
5. —2H Hn FolE AR UM (E A i NADPH 7 &
HAREEAE W R : 4 B/ HL thCYP3A4 (12.5 pmol-mL™") 5§
thCYP3A5 (12.5 pmol-mL™"), i1 A 10 pL & %1 ¥ /&% 1)
Tl P ) (2 B &R B 0.625.1.25.2.5.5. 10,
20 pg-mL™") BEER FEME (CYP3A W] 38 4 400 1) 751, 289 5
0.625.1.25.2.5.5.10 pmol-L™").20 uL BKik M (&K
£ 5 umol-L™"), 37 °C Tl #¥ & 5 min J5, 1 A NADPH
(ZREE 1 mmol- L) JAB RN o 3 — S50 W2 A
NADPH 5 i fig Jv & B4 36 [\ Pl 0 &, H 4k 3 4E
T 43 5 thCYP3A4 (12.5 pmol-mL™") 8% rhCYP3AS5
(12.5 pmol-mL™), M 10 pL R F3 B 7 F. B8 Fr 52 B
(&R 7 38 0.625.1.25.2.5.5.10.20 pg-mL™)
ol i R (R FE 43 308 0.625.1.25.2.5.5.10 pmol-L™)
J 20 uL NADPH (3 £ 1 mmol-L™), 37 °CTi ¥ &
5 min J&, I 20 pL BEIE M (KK S pmol-L™) i
BRPL . LRART 37 CKIBA TR S min 5, Il
ANVKRUT R - — & bE (3:1) 1 mL & 1k VY, 4% 2
F S AT 1) AR D R A HR IR IA e £ 1) LC-MS/MS 7 15,
FGFE A MBS BERE )T . 383 GraphPad Prism 5.0 3
sigmoidal dose-response 15 3, 3K 5 H 71 i v 42 XA %F
CYP3A4 J CYP3AS [ IC, i . Xf Lt il NADPH il 5%
H 4l (+NADPH) & & i NADPH Ui & 41 (-NADPH)
1 1C,, 18, 1% W] T8 Fv 52 B 6f CYP3A4 f2 CYP3AS
TE PR A A FH 2 15 47 /£ NADPH OB

I [B] B BE ARV S5 (B 1280 AT
52 TR P AR BUIT CYP3AVETE BIHIHI/E 2 75 A
I TR AR FEARCHEE, it 1 BA R38R, 437l X rthCYP3 A4
(12.5 pmol-mL™") 8% rhCYP3A5 (12.5 pmol-mL™), Jil A\
10 puL & 51 FE 1) Tl Fr S B (4 &R FE 0625
1.25.2.5.5.10.20 pg-mL") BHR M (20K 43 51N
0.625.1.25.2.5.5.10 umol-L™") %% 20 uL NADPH (%4
J% 1 mmol-L™"). Z35I7E37 °CHMF & 0.5.15.30 min /5,
TN 20 L BR K M (K FE S pmol- L) J& 3l i .
37 °C/AKIBFE I E S min J5, IIAVGRUT % H - — &
FE (3:1) 1 mL 21k [N, 4% OB S I AR M RE A
K I e £ ) LC-MS/MS J7 15 K5 A% ff A B Ji5 338 K 43



. 2456 - 2% %4 Acta Pharmaceutica Sinica 2022, 57(8): 2453 —2460

M, 5 0l IR B CYP3A4 K CYP3AS i 1 (411
VIS 28

M3l 1% 2 500k B % I Waley™ & Silverman®”
(771, S 50048 3 SO 8 R B B S 26— P I
P 1 #1) )AR FBE (K)  m OR 2R T 6 L (k) ~ BB RO
IR ZHHL (k) AV 77— 2 R IE BT A (2,,) -
FLH ke AN TR TR B R D60 A5 P e % Tl et A
2 7 5150 B B AT PR R A BT T IR R . B
Ji R ey = K JIVK A1) T HoAh 2 50, Horp (1] /0%
] 00 PR B WU B o A T RIS T AR N R 1, =
In2/k,, .o

BNTSLLS @ SR LS F R T B i
thCYP3A4 J rhCYP3AS 7E i% M7 #i /5 CYP3A B i 1%
(AR 4k K 25 5% Ll A $R U 5 CYP3A B 45 & & 5 ]
WRMAME . S HE AR U1 mL Y thCYP3A4
(12.5 pmol-mL™") B¢ rhCYP3AS5 (12.5 pmol-mL™") ¥4,
3N LR P S HUY) (249K % 10 pg-mL™) B 52 e
(2 pmol L") BR[FMAFA A ) (n = 4), A NADPH (%
W1 mmol-LY), B 37 °C/KIAH H FIF & 15 min. 2
J&i, B FR A b BRAH (5 B AR 5 A O AL, JEIEAT
DL Ab 65 Hod—2H rthCYP3A4 B, thCYP3AS I & i
PR 200 uL #5% % 1.5 mL EP & v, 5% 2 Bln A
10 pL BE A M (W E 5 pmol-L7), 46425 & 5 min
J&, IINVKGRCT B - — S be (3:1) 1 mL 2 1E e v,
PLI 52 3BT HT rthCYP3A4 J2 thCYP3AS iG 1. Ko —4L
thCYP3A4 5 thCYP3AS i 5 W #e #% 2 iE 8 b, lli&
TR R BT A8 R B JE N 2 LR #h 42
MR PRSP, 4 °C N R B, B 5~6 h T #H
HIRERR Eh 20— K. 16 h )&, ¥ B HT 5 19 rhCYP3A4
Je thCYP3AS % &% 200 uL # 2 % 1.5 mL EP & 1,
FEE 43 BN 10 pL BKIE M (&K E S umol-L™).
T 37 °COK ¥4 T & 5 min, 1A 20 uL NADPH
(W PE 1 mmol- L) JA 3[R BE, 4k 20% & 5 min J&, /il
ANVKGRUT B - S e (30 1) 1| mL &1k M. =
2RSS B E WAL O LI 1 A R AR kR
e (1) LC-MS/MS J7 ¥E, B 4 ity Ak B2 )5 33E 4 29 7 o
Xof L 3% AT A G AT IS A% A B A 15 R KA e 1 AR
BE, DL K Ab B A OE BT T S CYP3A 13 14 1
A

Table 1

FHR
1 AESHZEIX rhCYP3A4 & rhCYP3AS SE M HY
HIHI4E

SR FH TLBS Py SR B 0 R I £ R AR ) 132 R ok
T P TR AR SR 26 P 0 o R SR 3 7R XS thC Y P3 A4,
thCYP3AS il 3 11 1 40 i /E A 5 55, 45 SR W 1A 1.
2 ug-mL™ ) FLES F FR B thCYP3A4.thCYP3AS 41
it v 1A AR R BRI AR Y, R PR B b R,
X thCYP3A4.rhCYP3AS BHiiG 14 (1) 4 1l 4 FH B

E 2 pgmL!
E& 20 pgmL!
E 200 pg-mL!

% of control activity
1553
=3

CYP3A4 CYP3AS

Figure 1 Inhibitory effect of Wuzhi tablet extract (WZ extract)
on recombinant human CYP3A4 (thCYP3A4) or recombinant
human CYP3AS (thCYP3AS5) midazolam 1-hydroxylation activity.
The concentration of hCYP3A4 or thCYP3A5 was 12.5 pmol'mL™.
The thCYP3A4 or thCYP3AS was incubated for 5 min at 37 °C in
the presence of midazolam (5 umol-L") and different concentra-
tions of WZ extract (2, 20,200 pg'mL"). n=4,X s
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NADPH-dependent inhibition of midazolam 1-hydroxylation of WZ extract and ketoconazole with or without NADPH

pretreatment in thCYP3A4 or thCYP3AS. Data are expressed as IC,, pg'mL™" for WZ extract and pmol-L™' for ketoconazole. n = 4

Treatment CYP3A4 CYP3AS Ratio (3A4/3A5)
-NADPH +NADPH -NADPH +NADPH -NADPH +NADPH
WZ extract 52 2.4 3.8 1.9 1.37 1.24
Ketoconazole 0.98 1.16 1.91 1.85 0.51 0.63
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Figure 2 The log of percentage of control activity versus preincu-
bation time of WZ extract on thCYP3A4 (A) and rhCYP3AS (B)
midazolam 1-hydroxylation activity. The thCYP3A4 (12.5 pmol-mL™)
or thCYP3AS5 (12.5 pmol-mL™) were preincubated with 0.5% DMSO
(vehicle control) or varying concentrations of WZ extract (0.625,
1.25,2.5, 5, 10, 20 ug'mL™") and NADPH at 37 °C for 0, 5, 15 and
30 min in 100 mmol-L" potassium phosphate buffer (pH 7.4)
containing 0.05 mmol-L" EDTA. Midazolam was added after the
incubation and midazolam 1-hydroxylation activity was determined.

Each point represents the means of duplicate experiments. n = 4
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Table 2 Time- and concentration- dependent inhibition of midazolam 1-hydroxylation of WZ extract in presence of NADPH in rhCYP3A4

or thCYP3AS5. Data are expressed as IC,, pg-mL™ for WZ extract and pmol-L™ for ketoconazole. n = 4

CYP3A4 CYP 3AS
Treatment - - - - - - - -
0 min 5 min 15 min 30 min 0 min 5 min 15 min 30 min
WZ extract 5.2 2.4 2.2 2.2 3.8 1.9 0.6 0.6
Ketoconazole 0.98 1.16 0.95 1.05 1.91 1.85 1.84 1.87

Table 3 Inhibition kinetics parameters of WZ extract on midazolam 1-hydroxylation in thCYP3A4 or thCYP3AS.n =4

CYP 3A4 CYP 3A5
Treatment ] o - P 1 :
ki o/ Min K /ng-mL t,,/min ki o/ Min K /ng-mL t,,/min
WZ extract 0.0753 3.63 9.20 0.101 1.05 6.86
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Figure 3 A plot of the half-life of enzyme inactivation versus the
inverse of WZ extract concentration on rthCYP3A4 (A) and
rhCYP3AS5 (B) midazolam 1-hydroxylation activity. The thCYP3A4
(12.5 pmol-mL™") or thCYP3AS5 (12.5 pmol-mL™") were preincubated
with 0.5% DMSO (vehicle control) or varying concentrations of
WZ extract (0.625, 1.25, 2.5, 5, 10, 20 ug-mL'l) and NADPH at
37 °C for 0, 5, 15 and 30 min in 100 mmol-L" potassium phosphate
buffer (pH 7.4) containing 0.05 mmol-L" EDTA. Midazolam was
added after the incubation and midazolam 1-hydroxylation activity
was determined. Each point represents the means of duplicate

experiments, n = 4

Table 4 The inhibition of rhCYP3A4 or thCYP3AS midazolam
1-hydroxylation activity by WZ extract (10 ug-mL" containing
0.5 umol-L" schisantherin A) and ketoconazole (2 pmol-L™")
before and after dialysis for 16 h. Data is expressed as % of control

activity. n=4,x=* s

CYP 3A4 CYP 3A5
Treatment
Before After Before After
WZ extract 49+04 24.1+0.7 9.8+04 473+9.1
Ketoconazole 1.8+0.3 89.6+3.6 19.3+23 953+ 14.7

CYP3A ) 7] 386 P 400 1 77 BR B M %F rthCYP3A4 f¢
thCYP3AS (¥ 40 il 4 FH J0) w7 DA e ik 325 A 2k A 43 DAVH
B35 $2R TLlE 3R B 5 thCYP3A4 2 thCYP3AS [ 45
A LB, AN 5 R

it

HH T CYP3A UG 7E 25 At I SR (4
60% I PR A% FH 259 22 CYP3A A1) M R iz
PESL CYP3A A5 11 25 10 A EL A FF AR 1) 2 o 5 24 - 1
M EAERRR TR IZ M RE. RE
CYP3A4 I CYP3AS fER IR 7 A b LA v P AR
PE B E B, (HE AT AE M A P B R 00 o A T T A

A 100 [ Before
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2 d
B
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£
g 40
o
3
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g
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Figure 4 Effect of dialysis on the inactivation of hCYP3A4 (A)
and thCYP3AS5 (B) midazolam 1-hydroxylation activity by WZ
extract. thCYP3A4 or thCYP3AS5 (12.5 pmol-mL™") were preincu-
bated with WZ extract (10 ug-mL") and ketoconazole (2 umol-L™)
with or without NADPH at 37 °C for 15 min in 100 mmol-L"
potassium phosphate buffer (pH 7.4) containing 0.05 mmol-L"'
EDTA. Then the aliquot was transferred to a dialysis bag and
dialyzed at 4 °C for 16 h. The rhCYP3A4 and thCYP3AS activity
was determined before and after dialysis. Data are expressed as

means of duplicate experiments. n =4, x £ s

1E 72 0. SR, A R T B2 % CYP3A4 F CYP3AS
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i (A% 2R : thCYP3A4, 0.97; thCYP3AS, 0.95).
XFF thCYP3A4 & thCYP3AS, BKIEMA [ K {5 535N
7.45.4.93 umol-L"; 2 &% J8, 2 5 umol L' N H



ENEAAE: TR PR N CYP3A4 f2 CYP3AS B 20 Filg v P (1) 40 i 4 FH 2% FEmL i) + 2459 -

SEIG HH R B AR TS

AW IR W TR 42 I X thCYP3A4 K&
thCYP3AS y& V£ 1) # i /F FH 5 /7 /£ NADPH. . Tl % & i
) Sk FE AP . I\ NADPH Hi% & 5 min &, 10
A IRBUYI ST CYP3A4 & CYP3AS I 1C,, 3~ B¢ E A
NADPH i % & i 172 £ 4, $278 H g A 82 By »t
CYP3A4 J CYP3AS 4 i/ F 47 £ NADPH {6 1%
7E NADPH /Z7E G LR, Flg Fr $2 U 6 thCYP3 A4
Je thCYP3AS AR ik £ 1-52 JE Ak 35 1 1 4000 i 6 ) [t
TOURE & B (] T 3 5 . X 5 2 BT HROE Tk TR L O
T 206 NFFIORLAR CYP3A 15 1 (4081 415 FH 52 i (i) A
IR PE R AAEP 2GS AL, oAb, Rt S AR 2
R4 P S0 &5 SR — 350, A T KRR R P At o 28
H] (CYP3A W) L2434 P55 A7 Biof ) 0 751 82 A A PR 2

TG F B Y A thCYP3A4 K thCYP3AS i&PE T
B — 22 B %5 I IR) (¢,,,) 2399029 9.20 1 6.86 min, & W] 11
Fig i S B 5 CYP3A4 B CYP3AS B3t 4 i 4 ) 1 i
Aew . FlR BT CYP3A4 K CYP3AS ii5 1
FHIAE A Red & v B, e Bl iR 5
CYP3A4 Jz CYP3AS B J¥ f 1 28 [ (1) K& & A9 1M
o} R B X5f CYP3A4 Jz CYP3AS i PE (1) kil £ FH 3%
ANA7AE NADPH J2 TIU5F 5 B [a) 4t 14, X CYP3A %
PR HIE I E I BT/ UK . EIREE AR
Big Fr SR B CYP3A4 B CYP3AS Ii% M Ry 40 i AL i) 45
S CYP3A RT3 PE | 55 G M 4100 i) 7)) B e, DL — F oA
AL AEALE 6] CYP3A4 X CYP3AS WP, FET Tifig
X CYP3A [ #RF1E, 5 TLEE A A CYP3A JKY 24
YA, X IX B8 CYP3A I 2459 24 8)) 2 11 52 i 7 1
PR AR A TR A, DR 45 LS 7 A CY P A SR I 254 11
FEAEH

AR 2 TR TR B B R B 45 S I KR =
AH 241 250 mg-kg' FLfE 025 h 5, KR AFE+ I
I ¥~ K& B9 0.50 + 0.27 pmol- L2, 7t i T g
F BN CYP3A4 I IC,, (2.2~5.2 ug-mL”", & Flbk
T H 0.11~0.26 pmol-L™").CYP3AS ff IC,, fE (0.6~
3.8 pg-mL", & FL% T g H 0.031~0.19 pmol-L™"), 2
R 5 CYP3A TRV 254 18] A= 25 %) HAE FH I AT
RETEIR o BEAh, FBE S EUY) X CYP3A4 [ &, B
(0.075 3 min™") % H Xt CYP3AS ) &, 8 (0.101 min™)
N, T CYP3A4 1 K AR B %F CYP3AS 1 K K,
PEom TR A $2 LY A CYP3A4 2 CYP3AS i 14 i 411
HIVEHAFEZ 5 (38 3). 7E NADPH f£7E I RTH2E T, il
B 0.5, 15,30 min, X B ) 1C,, bk A8 (IC,, cypons/
ICyy cypans) 7790 1.37.1.26.3.67.3.67, $7s Tl Jv 4
HLY%E CYP3AS (4 4 F A 58 T HoxF CYP3A4 () 411

HEF o T4 () CYP3A 38 4 ] 330 1 400 1) 5] i e
W, E S [ T 7 10 (6], Hoxf CYP3A4.CYP3AS I IC,,
EAE (ICs;, cypsned/ICso. cypans) FEAAAR, 4ERFFE 0.5~0.6 /2
A, 5 BRI SCEREY AHAL, o6 CYP3A4 (1 41
P58 T HX CYP3AS FMsIfE ] . R E 5 4R 1o
WK1 B & gomisin G #] CYP3A4 Jz CYP3AS 1K
IR AR AE 22 7, LR T IR F N CYP3A4 40
i 25 T 6 CYP3AS B0 /E F; 1] gomisin G
X CYP3A4 I il 4 F 22 55 T Hoxr CYP3AS H i) £
FAPY. AT L, AR  CYP3A #1588 H 256 &4,
AL X CYP3A4.CYP3AS i Y i # il /E F 35 vl e 4%
TE 72 57, T IX 28 22 S A W] BeAE I R B3t — 2B 80K
I, — & EEAG A G Y B E 2% CYP3A4.CYP3AS
TEPERDHIAE 22 5, A D E IR RN

RO F 2, AN FE 3R W) TR A R U 6 CYP3A4
J CYP3AS I& PE 41/ F A7 /£ NADPH . Tl & B[]
R B R ; 1 5 CYP3A4 J CYP3AS M 454 HL i
A2, AN REIE B B R B B Ah, X CYP3AS 4
i1 Fg 5 T 0 CYP3A4 M HI/E . IGK E&
Flig i, BTG R U 51 ) R 2 - P 2 25 WA B
YEH

{E& Tk TN T AT T2 00 STt B0 W AR AN £
ST, BOCGER AT S5 S 9, HANER R TTRE B0
TS

SCEE B B R R A0 TS A S ST S 4R 5 ST
HHEHK

FIERMIE: AT A R & B AR R 25 0 28 .
References

[1] Rendic S. Summary of information on human CYP enzymes:
human P450 metabolism data [J]. Drug Metab Rev, 2002, 34:
83-448.

[2] Rodrigues AD, Rushmore TH. Cytochrome P450 pharmacoge-
netics in drug development: in vitro studies and clinical conse-
quences [J]. Curr Drug Metab, 2002, 3: 289-309.

[31 Molenaar-Kuijsten L, van Balen DEM, Beijnen JH, et al. A
review of CYP3A drug-drug interaction studies: practical guide-
lines for patients using targeted oral anticancer drugs [J]. Front
Pharmacol, 2021, 12: 670862.

[4] Kuehl P, Zhang J, Lin Y, et al. Sequence diversity in CYP3A
promoters and characterization of the genetic basis of polymor-
phic CYP3AS expression [J]. Nat Genet, 2001, 27: 383-391.

[5] Niwa T, Murayama N, Emoto C, et al. Comparison of kinetic
parameters for drug oxidation rates and substrate inhibition
potential mediated by cytochrome P450 3A4 and 3AS5 [J]. Curr
Drug Metab, 2008, 9: 20-33.

[6] Niwa T, Yasumura M, Murayama N, et al. Comparison of catalytic



2, 0

2460 - 22224 Acta Pharmaceutica Sinica 2022, 57(8): 2453 2460

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

properties of cytochromes P450 3A4 and 3A5 by molecular
docking simulation [J]. Drug Metab Lett, 2014, 8: 43-50.
Dennison JB, Kulanthaivel P, Barbuch RJ, et al. Selective metabo-
lism of vincristine in vitro by CYP3AS5 [J]. Drug Metab Dispos,
2006, 34: 1317-1327.

Deri M, Szakal-Toth Z, Fekete F, et al. CYP3A-status is associated
with blood concentration and dose-requirement of tacrolimus in
heart transplant recipients [J]. Sci Rep, 2021, 11: 21389.

Huyke C, Engel K, Simon-Haarhaus B, et al. Composition and
biological activity of different extracts from Schisandra sphenan-
thera and Schisandra chinensis [J]. Planta Med, 2007, 73: 1116~
1126.

Panossian A, Wikman G. Pharmacology of Schisandra chinensis
Bail.: an overview of Russian research and uses in medicine [J].
J Ethnopharmacol, 2008, 118: 183-212.

Fan X, Jiang Y, Wang Y, et al. Wuzhi tablet (Schisandra sphenan-
thera extract) protects against acetaminophen-induced hepato-
toxicity by inhibition of CYP-mediated bioactivation and regula-
tion of NRF2-ARE and p53/p21 pathways [J]. Drug Metab
Dispos, 2014, 42: 1982-1990.

Li J, Chen S, Qin X, et al. Wuzhi tablet (Schisandra sphenan-
thera extract) is a promising tacrolimus-sparing agent for renal
transplant recipients who are CYP3AS expressers: a two-phase
prospective study [J]. Drug Metab Dispos, 2017, 45: 1114-1119.
Qin XL, Bi HC, Wang XD, et al. Mechanistic understanding of
the different effects of Wuzhi Tablet (Schisandra sphenanthera
extract) on the absorption and first-pass intestinal and hepatic
metabolism of tacrolimus (FK506) [J]. Int J Pharm, 2010, 389:
114-121.

Qin XL, Chen X, Wang Y, et al. In vivo to in vitro effects of
six bioactive lignans of Wuzhi tablet (Schisandra sphenanthera
extract) on the CYP3A/P-glycoprotein-mediated absorption and
metabolism of tacrolimus [J]. Drug Metab Dispos, 2014, 42: 193-
199.

Qin XL, Chen X, Zhong GP, et al. Effect of Tacrolimus on the
pharmacokinetics of bioactive lignans of Wuzhi tablet (Schisandra
sphenanthera extract) and the potential roles of CYP3A and
P-gp [J]. Phytomedicine, 2014, 21: 766-772.

Cheng F, Li Q, Wang J, et al. Effects and safety evaluation of
Wuzhi capsules combined with tacrolimus for the treatment of
kidney transplantation recipients [J]. J Clin Pharm Ther, 2021,
46: 1636-1649.

Cheng X, Ma J, Xu X, et al. Effect of Wuzhi capsules on cyclo-
sporine A concentration in children with aplastic anemia immu-
notherapy: a single-center observational study [J]. Expert Rev

Clin Pharmacol, 2022, 15: 365-369.

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Jiang W, Wang X, Xu X, et al. Effect of Schisandra sphenan-
thera extract on the concentration of tacrolimus in the blood of
liver transplant patients [J]. Int J Clin Pharmacol Ther, 2010, 48:
224-229.

Jin J, Bi H, Hu J, et al. Effect of Wuzhi tablet (Schisandra
sphenanthera extract) on the pharmacokinetics of paclitaxel in
rats [J]. Phytother Res, 2011, 25: 1250-1253.

Xue XP, Qin XL, Xu C, et al. Effect of Wuzhi tablet (Schisandra
sphenanthera extract) on the pharmacokinetics of cyclosporin A
in rats [J]. Phytother Res, 2013, 27: 1255-1259.

Yan L, Yang ZQ, Shi YY, et al. Effects of Wuzhi capsules on
blood concentration of tacrolimus in renal transplant recipients
[J]. Ann Transplant, 2019, 24: 594-604.

Iwata H, Tezuka Y, Kadota S, et al. Identification and characteriza-
tion of potent CYP3A4 inhibitors in Schisandra fruit extract [J].
Drug Metab Dispos, 2004, 32: 1351-1358.

Seo HJ, Ji SB, Kim SE, et al. Inhibitory effects of Schisandra
lignans on cytochrome P450s and uridine 5'-diphospho-glucuro-
nosyl transferases in human liver microsomes [J]. Pharmaceu-
tics, 2021, 13:371.

Zhao J, Sun T, Wu JJ, et al. Inhibition of human CYP3A4 and
CYP3AS5 enzymes by gomisin C and gomisin G, two lignan
analogs derived from Schisandra chinensis [J]. Fitoterapia, 2017,
119: 26-31.

Xue X, Huang M, Xiao H, et al. Rapid and simultaneous
measurement of midazolam, 1'-hydroxymidazolam and digoxin
by liquid chromatography/tandem mass spectrometry: applica-
tion to an in vivo study to simultaneously measure P-glycopro-
tein and cytochrome P450 3A activity [J]. J Pharm Biomed Anal,
2011, 55: 187-193.

Waley SG. Kinetics of suicide substrates. Practical procedures
for determining parameters [J]. Biochem J, 1985, 227: 843-849.
Silverman RB, George C. Mechanism of inactivation of gamma-
aminobutyric acid aminotransferase by (S, £)-4-amino-5-fluoro-
pent-2-enoic acid [J]. Biochem Biophys Res Commun, 1988,
150: 942-946.

Qin XL, Li JL, Wang SH, et al. Co-administration of Wuzhi
tablet (Schisandra sphenanthera extract) alters tacrolimus phar-
macokinetics in a dose- and time-dependent manner in rats [J]. J
Ethnopharmacol, 2020, 263: 113233.

Qin XL, Duan WH, Wang HF, et al. Determination of hepatic
and small intestinal distribution of lignans of Wuzhi tablet in rats
by liquid chromatography tandem mass spectrometry method [J].
Acta Pharm Sin (%% %#), 2016, 51: 1891-1896.

Walsky RL, Obach RS. Validated assays for human cytochrome
P450 activities [J]. Drug Metab Dispos, 2004, 32: 647-660.



