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[ Abstract | Objective; Taking primary rat hepatocytes ( PRH) model, to explore the effect of Fuzheng
Huayu recipe (FZHY) on rat cytochrome P450 enzyme (CYP450). Method: PRH were isolated and cultured by
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two-step perfusion method. With the formation of the hepatic plate structure, FZHY was added to culture for 24 h,
then replaced with culture medium containing specific probe substrates of CYP450 ( phenacetin-CYP1A2,
tolbutamide-CYP2C9, dextiromethorphan hydrobromide-CYP2D6, testosterone-CYP3A4 ), the supernatant was
aspirated after 2 h, the corresponding products of the probe drugs were detected by UPLC-MS/MS. Result;
CYP1A2, CYP2C9, CYP2D6 and CYP3A4 in PRH had good metabolic activity. The probe drugs had no toxicity
on PRH in the range of 0-500 pmol-L ", FZHY had no toxicity on PRH in the range of 0. 5-500 pg-L~'. FZHY
After PRH was cultured with 5 pg-L ™" FZHY for 24 h,
Michaelis constant (K ) of tolbutamide decreased by 20. 8% , K, of dextromethorphan hydrobromide decreased by

could slightly protect PRH with concentration of 5 pug-L™".

39.2% , K, of phenacetin decreased by 17.4% , K, of testosterone decreased significantly. Conclusion: FZHY

can inhibit the activity of CYP1A2, CYP2C9, CYP2D6 and CYP3A4 in PRH.
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A WAL BRI R, 2 60% Ak 7 25 4
W% RS E WAL . CYPAS0 B M A AL
AT HE 5 W) 25 ) ) AR 9 3l 0 2 DA RS 2 ) 2 K
wi P R 25 8 % CYPAS0 o BE 77 AR i S mk 4 ] 1E
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Mg . NILRTFE 264 5 CYP450 1956 2 7T LU
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HAxas5n o 23 B 4 f¥) PRH % R ¥ >90% , i 37 48 h LR KRB B LT,

20 % 32 5L (DL B RPMI-1640 5§ MEM 1 33
FAB 148 NaHCO, 2.2 ¢ 5 XK 62.5 mg, T %
0.1 g, M/KZE1L,pH JEE 7.2, 3 BEBRE, T4 CH#
f2), WE W W [ A Hl, B NaCl 8.0 g, KCI 0.4 g,
NaH, PO, 0. 078 g, Na,HPO, 0. 151 g,4-¥% 7, 3L UR &
Z T i (HEPES) 2.38 g, 1 41 0.006 g, NaHCO,
0.35 g, NAZHE0.9 ¢, 2 ZBEWIM LR 0.19 ¢,
KZE1TL,H 1 mol- L' NaOH W% pH HE 7.2,
JO T VEE VAL TR ; B H NaCl 8 ¢,KC10.4 g,CaCl, 0.56 g,
NaH, PO, -2H,0 0. 078 g,Na,HPO, -12H,0 0. 151 g,
HEPES 2. 38 g, 41 0. 006 g, NaHCO, 0.35 g, finzk
Z 1 LK pH W Z 7.2, 15 B HE ik, o B BRI, T
4 CHRAF]. A5 (ERE T VSR A4 £V
2% R TODR LS ) B O RR SRR fid, TC I
We FE Sl 500 mmol - L™ BE IR 5 AH B A 9 (4 2
Tk 2 B Wy, 25 H A7 SE b OF 40 L R B T ik, 68-5%
HE SRR ) 24 P VA A, O R S 50 mmol - LAY
B,

SPF 4% Wistar B R B T b 5t 4 38 F1) 46 50 56
YA A WA FE, A RS SCXK (5T) 2016-
0011, A5t it (85 £20) g, 1Al 37 F I ifg & 2 K2 5
2ot R AT RS SYXK (371) 2014-0008 . 54
(14 A2b 3 R S 55 3 ask b i v R 2 KA AR B D o it
e it ES ACSHU-2011-G115,

2 FiE

2.1 JFARKRURF 4N (PRH) B4 B % |
s 5 3% 1 1 L Al (PR 2 mLkg )RR K
BUSETEE TAES B ENEE, FH 75% £
BB KR U BIEIE AR Z 8 1§k, OF T &R
WFREAL 18 G B EEAT I #E Ik ZE R, LA 37 C
AT VB A VR 2 N o e U, O TR B BT T ik
BRI, 2 JHF AR A8 Ay A 8, 46 il i VR e 3 S U
FTH I 1 1 G WK /N 452 1k W O, B R I,
BT MEM 85 382 0, 8 8 ) 5 5 F MEM
BRIRS) WZ A0 it vk, U AE 500 remin T’ ,4 C
FAFTFEOVER 1 min, 5 Fig . MEM 5557 3 6 &
402,500 remin "' ELOPES 1 min, I3 KR 1K
B 3 min J5 5 B, H & 10% 6 4 i
(FBS) () RPMI-1640 X 77 i 5 2 41 e )5 18 ) 5 i 1
et T W AEE T IM 8. & 10% FBS () RPMI-
1640 ¥EFH WM B E 2 x10° A~/mL, 441 100 pL
FiF 96 FLAL, F 37 °C,5% CO, 1 Fi B 1 b5 3 46
SR ,6 h 5 R R IR . 4 E MR IHA A 545 B

.24 .

i H TS

2.2 K& ACQUITY UPLC BEH C,, {44
(2.1 mm x50 mm,1.7 um) , ¥ shAH 0. 1% F R K
W (A)-CHE (B) B BB (0 ~ 1 min, 8% ~25%
B;1 ~4 min,25% ~70% B;4 ~5 min,70% B) , Jfi i
0.3 mL-min ", kE iRk 45 C, #ERE R 10 pL, fF00H
T HL S 55 1F 2 1 2UR Sk 22 e iz M il ( MRM) A6
AHEFTRM . BAEHEE 2.5 kV, KRB E 2.0 V,
BRI EE 120 °C, i v 3R IR B2 400 °C, i 3% 551 <
(N,) Wi 700 L-h ™' HEFLASC(N,) ek 75 L-h ™' 4R
SAEMAERE A, ARARPE T Al & % m/z 151.90 ~
109. 80, #fEfLHL & 30 V, fiffi 1k 15 VS B ER 45 38
hoF R 25 XF m/z 258.30 ~ 156.90, #E fL H &
45 V R R 37 Vi HR G T IR KL B X m/z
286.60 ~171. 00, HEfLHL & 30 V, filf i H1 = 20 V; 52
il 445 0 85 F- % m/z 305. 30 ~269. 30, 4 FLHL FE30 V,
Bl 43 H e 18 V5 AR (1S) 19 e 153 4Gz 00 25 1~ X m/ 2
230. 00 ~ 120. 77, 4 fL H1 JE 30 V, filf 1% 5 JE22 V,
B R A 5 40 B 3 MassLynx' ™ 4.1 T 36 41
56 Mo

2.3 FEAACER KT RS L 4 Fh IR BT 25 W) W) S5 vk B
() 40 i 15 7R 45 50 L (B R FRIE 200 pL) i A
16.7 mg- L™ M e 3 ) 2, 1% %5 600 L, >R FHR 2
IXAE 1 500 r-min~', 4 C &4 F A 3RS R
10 min AVTIERE 1, 76 13 000 r-min ' ,4 C &M T
B0 10 min, H VW 640 pl £ 1.5 mL B L&
T35 CHEMT N, R, S 10% S iE ) bk
FBhHI 80 wL & ¥ s R IR AJXAE 1500 remin ™',
4 CHMT ARG WRIE 10 min $E47 5, 76 E
13 000 remin~',4 C £ F &0 10 min, T B &
WZE AR /NI T AR

2.4 CYP450 i PEM RN BOHT & 73 25 1% PRH, L)
AL 2 x 10* A4 FT 96 FLA 1,6 h J5 B e % 5%
W o AR B AR 5 A B, S R R U, A S A
PREF 2591 RPMI-1640 5552 (& 10% FBS) | HiA£L
200 WL, A7 3 fn, S ML E 2 h R 2.3 BT
5 E#AE R ] UPLC-MS/MS #E47 K6 .

2.5 HEZW X PRH W& BFEHE>BEH
PRH, LIAEFL 2 x 10° A3 70T 96 FLA .6 h J5 5
e 55 IR UL o R 20 P S I AR 235 R B, g B R,
AN AR EE (0 ~ 500 pwmol - L™") #R4F 25 4 1
RPMI-1640 ¥ 72 W (& 10% FBS) , 4 fL 200 pL,F
113 6o AREEIEFR 24 h J5 32 L5, A CCK-8
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5 RPMI-1640 55 52 W L5 fy 1: 10 (IR A W, & 1L
IIAT00 pL, & FR4BEE 2 h, 43 517 450,630 nm
Ab W A WO BE AL A M AE T R = Ay /A X
100% .

2.6 FZHY Xf PRH @y #PE 506 M BOR F 53 25 1Y
PRH, LI4EFL 2 x 10* A3 70 F 96 FLAR P, 6 h J5 5
e 55 TR o T 200 B LD IR AR 5 A B T R I R,
A B A B B R Rk B (0,0.5,1,5,10,20,50, 100,
500 pg-L™") FZHY # RPMI-1640 8535 W (& 10%
FBS) , 54l 200 wL, V17 6 fiy, 4kZiE5%E 24 h j5 5
FEFRw, Horb 3 452 fL 4 il RPMI-1640 35 552 W (%
10% FBS), % fL 200 pL; 53 3 A4~ & fL e BL &
0.5 pmol-L~" H,0, iy RPMI-1640 15 5 Wi, JH T %
¢ FZHY X% H,0, 755 4 M 45 05 iy R P VR . 35 5%
FiEE 10 min J5 ¥ 5 L H SR, el CCK8 5
RPMI-1640 3552 Fo )2 1210 B9IR -5 W, BfLIn A
100 pL, B FEMBEF 2 h J5 509 1E 450,630 nm 4b
WSE A TH3 20 MLAE 05 52

2.7 FZHY X PRH B 3 S22 BORr &f 7y
B PRH, LAAEAL 2 x 10 AN F0T 4 B 96 FLARH
NGALIA PBS,6 h J5 B4 3G IR W . 18 4 M s BT
M 45 F IF, B 4R 1% 3R W, B B AR B — o L e
FZHY (5 pg-L~") i RPMI-1640 5 3 W (& 10%
FBS) , & fL 200 wL, 55 —2F FL e i, RPMI-1640 1 37
W (& 10% FBS) 44l 200 wl, 4kZ:353: 24 h 5
4 Pb X TR B IR U, B N E R R B AR A Y
RPMI-1640 }5 32, Bk 2y Wi s 6 M E AL, 5
MMEIEREE 2 h 5 9% 2.3 TN B EAE

2.8 HHEAbBE SRJH UPLC-MS/MS il #8525 ¥
AR 0 0 T AR5 PN A U T AR Y TR, T R W
TR E (C ) e AKXV =C 0./
(TxC ) tE B E (V) , X T 2 SO ],
C. AR ZR  a B i o T SR RN 8B 5 iKY vk
JE(S) YA V7S, DL VORI A i BT 9k
M FR L, V/S R AL AR, % I Eadie-Hofstee 1 [ 75 7E 47
YR, 15 B4 S 1y 5 2 o

3 #£R

3.1 A BOGREHCH ™ P x5 BEGE BRI T K
i T BUXT 2 Wk 2 e 1y, 2 WA R D OF  4- 2 W OR il
TR, 6p8-% 3 22 Wi vk i 35 f 500 mol - L™ {9 & Xt
FE 35 T, 3 B AR A5 R A Uk BE YR G X R
TAEW . #% 2.3 BT J5 e84, LLRE U 4 o & vk Ji2
R AR R A DU A 5 N B e U TED AR LU R A b, R
FHIMAY Fe /N Z e i AT 4 [0l 05, 25 2R % & Tk 24 5%

T AR AT 26/ y =0. 001 4x +0.169 4(r=0.9956) ,
LM E0.01 ~5.0 ;,Lmol'L_l JEEMRS nmol-L_l;
EPAH LD IS AEIL R y =9 x 10’y +0.006 3
(r=0.998 8) , 2 PEJEH 0. 10 ~1.0 pmol - L™, 5E &
PR 50 nmol- L' ;4-52 3k B R A% T HRAR e T 28y y =
0.001x+0.428 9(r=0.995 3), £k P35 H 0.05 ~
25.0 pmol-L ™", 5 &R 20 nmol - L™ ; 68-%5 L % i
FRUEINZE 7 v =0.000 3x +0.032 4(r=0.999 2) ,4;
MYEH 0.05 ~5.0 pdmol-L’] JRE PR 20 nmol-L 7',
3.2 CYP450 {GPEM £ AFE 34 UPLC-MS/MS #]
LIRS E] CYPIA2,CYP2C9,CYP2D6, CYP3A4 A if
(0 4 FhRET 25 4 0 A ™ 40 S bR b e 1y, DL 1
S5 S R AR 7 1 D AR R I A W T B Ay B R B AT
F W PRH p H A CYPIA2, CYP2C9, CYP2D6 5
CYP3A4, HARHHE M3 47 .

S
e L.
- 6L

t/min
AL ZS PTG FRI B AN 1. X OB R w52 4-R B R T
JIg ;3. WA SEVPIF 4. 6B-FRFESEE ;5. MM (1S)
Bl1 MAHRSZY2 h GRS RS KBE =9 UPLC-MS/MS
Fig.1 UPLC-MS/MS chromatograms of metabolites in cell culture
fluid after adding probe drugs for 2 h

3.3 REFZWRT PRH B#EPE 8 TR IRE 4
(42 A Af RN i, 28 42 T AN [ml vk B2 R 5 25 ) %) PRH
YA RIS 7 B 5, 25 AR IS BRAL (=S E g R
OB TRE 259 AR LB, IR B 25 W AR TIR VY T (W
0~500 wmol-L™"), & M M £ £ ¥ 2% (0 ~
500 pmol-L™")  H 2K 5% T ik (0 ~ 500 pmol - L"),
S (0 ~500 wmol-L™") XF PRH ) 41l i 15 71 ¥4 JC &
RS, 2 W AE X 2L 5 Y0 1) 9 0 AR BT IR 2
=

3.4 FZHY Xf PRH y8dE 506G 45 R AR 52
FIZHAR Fe, i ACAS [ B2 &k #2 (0,0.5,1,5,10,20,
50,100,500 wg-L~")FZHY 7 24 h % PRH (%41
L& 07 JC 52w, 4 A 1S R 4 0 A (100,00 +

- 25 -
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6.32)% ,(94.34 +8.12)% , (102.11 = 6.27) % ,
(105.48 +7.19)% , (103.81 =6.95)% , (98.96 =
7.22)% ,(105.62 +8.01)% , (102.74 =6.08) % Fi
(99.25 +7.12) % . R H H,0, 75 5 240 i 45 15 155 #Y
Z 52 FZHY WA E N, KB S5 R g, fUm A
5 wg L' FZHY i, PRH 40 35 P A B 3 i | s 2
o Tl O P R U A ST B BE B R, R 1,

1 AEAREREXREARATANRERXBRFARETENZ N
(xxs,n=3)
Table 1 Effect of FZHY with different concentration on activity of

primary rat hepatocytes( PRH) (x £s,n=3)

HRIE A Ty T o e H,0, ¥} 41 A7 1 R
/g L7! /wmol - L~ /%
0 0 100. 00 7. 58
0 0.5 61.24 £7.13"
0.5 0.5 58.74 £5.18"
1 0.5 64.83 £6.95"
5 0.5 74.58 £8.29"%)
10 0.5 60.19 +6.21"
20 0.5 58.12 +7.24"
50 0.5 64.07 +6.88"
100 0.5 58.33 £7.14"
500 0.5 60.05 £6.27"

FE 5 RN IEAL R DT MR H,0, A HEY P <0.001 ;5K W
HEARF AN T H,0, # Y P <0.05,

3.5 FZHY %I PRH Fg{E 3h J12= 5% 4 fl CYP450
[ Tl (CYP1A2,CYP2C9,CYP2D6 Fil CYP3A4) (1) it}
Pesh 132 a7 R DU 2, 45 R AR IR v T P o T
i, SRR AT SV 2F WA 3 ) 22 A5 G oK IR 7 R il
TR 1y B AU 02 52 %7 2l o A AR RS2 1 4 BEAKE B ) o7
FFG A JR 5 R R 1 M AU S 1 3l ) 2 A
FZHY 76 4 20 & (5 pg-L7") FXf 4 Fh
CYPA50 [m] "I il il £ 5o 1oy 1) 52 el UL &1 3 45 2R & B
5 pg-L7" FZHY FE A 28 6 T MR 19 40 38 3% 1k
H—KRHEE(K,) AT 110 ~87. 15 pmol - L™,
R R (V,, ) M 7.4 x 10" nmol-min " 3|
6.9 x 10 " nmol - min "' ; FEALE IR MR 4 £V K1Y K,
M 97.7 pmol-L~"3] 59.4 pumol-L™",V, M 44.9 x
10 * nmol-min ' & 35.8 x 10 * nmol-min " ; F&{%LE
RVE T K, M 214.2 pmol - L' 5] 177 pmol - L°",
Vo S5 AR FEAR ST ) K, ML 4.73 pmol - L' &
1.07 wmol-L™" fHXt V, B4 0,
.26 -
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Fig. 2 Enzymatic Kkinetics analysis of probe substrates in
PRH (n=3)
4 itig

R B AR 200 AR S AY B HE SR T HC A % A4
GUR SR, SCREREUr o O B AN 1 T 40 M 1) 2 8%
TE 25 KT 200 i i A3 3 e, R 8 AH X 0 Sl S e 1
WA VR N AR R B0, by o 4 3T 0K T I BF 50 24
PR RZ —, BETE 8 2 T &R 25 9 iy
PRAMRBT A SR, SR A TR T PR A v 2
7 X CYPASO (2 W I AN 2 W fEARBETE 4%
P A P T 23 2 R B AT 40 M, e CY'P450 [R] T
fiff CYP1A2,CYP2C9,CYP2D6,CYP3 A4 fX15f fig /1 4%
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- A AT 2 A (E 2 A R RO U e R P B . X T fiE
T e 5 LA S %, A& R4 X CYP450 1y 52
N " . AT, 6 CYPASO B3 W61 I 18 2 0 70 J A,
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