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[ ZE] AL THEEWNEKRRLEF 3 HaMEF P4S0(CYP450) T A B ( CYP1A2 ,CYP2CY,
CYP3A4) 7% ¥ty Cocktail 45 4 25 41 B9 & BB A & 15 (HPLC) 3l 7 3%, 2 B BUAEAD ¥ T, vk ko 4>
Ao KT R ARG, B RCR A RA A, A — MR BA A R A 3 R4 24 R R AR B
IR B R A R E 3 AR A PR E S AT R B AR E AR
WEE kR AT, %4 4 % A Diamonsil C18 34+ (4.6 mmx250 mm,5 wm) ; % 3
AH K W B2 50 mM 8 B 2k & b xF (45 2 55,pH 3.2) ;& 3 K 230 nm; % 1.0 mL/min; #1835 C,
GRFRW.AENET kxS FERBET RO LMEEESH N 0.10~10.0 pg/mL(r=0.9993),
0.05~5.0 pg/mL(r=0.9999) ,0.10~50.0 wg/mL(r=0.9991) ; 7 3 [ 4 % 4 5| h 79.28% ~87.91%,
76.43% ~85.36% ,82.79% ~90.61%, % HPLC #: 3l 77 = i #, R E G, TULER — X iR%
BB B E KRR A 3 A CYPASO B4R 4 254 (AT T, W R T IR, kx e ) R E, &
RGP RRE LB EA, BT, THTTFRELZ R G AR CYP450 19 3 N £ E T A B

(CYP1A2,CYP2C9,CYP3A4) B ¥ 1E Bl Wy A K 91 58, AT A AH X AT i B Rt o RAR B 7 k¥ 54,
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Abstract; To provide a methodological reference for the study of metabolism of liver enzymes, an HPLC method
for simultaneously determining three cytochrome P450( CYP) (CYP1A2, CYP2C9, CYP3A4) probe drugs in rat

plasma was established. Cocktail probe solution was prepared by mixing three specific probe drugs of CYP1A2,
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2C9 and 3A4 ( phenacetin, tolbutamide and midazolam, respectively). The three drugs were extracted with one
solvent system, determined in rat plasma by HPLC, and verified the specificity, linear range, detection limit,
precision, recovery and stability. The isolation was performed on a Diamonsil C18 column (4.6 mmx250 mm, 5
pm) with mobile phase consisting of methanol —50 mM phosphate buffer (45 : 55; pH3.2); the detection
wavelength was 230 nm; the flow rate was 1.0 ml./min and the column temperature was 35 °C. Results showed
that there were good linearity of phenacetin, midazolam and tolbutamide in the ranges of 0.10~10.0 pg/mL(7r=
0.9993), 0.05~5.0 pe/mL(7=0.9999), 0.10~50.0 pg/mL(r=0.9991). The recoveries were 79.28% ~ 87.91%,
76.43% ~85.36%, 82.79% ~90.61%,

respectively. The method is rapid, accurate, sensitive and suitable for

simultaneously determining the concentrations of three CYP450 probe drugs ( phenacetin, tolbutamide and
midazolam) in rat plasma, the three drugs and the internal standard ( carbamazepine) were separated well under

the above HPLC conditions, which could be employed in evaluating the effects of drugs on rat’ s CYP450 subtype

enzymes( CYP1A2, CYP2C9, CYP3A4) activities and in relatived studies.
Key words: CYP450; HPLC; phenacetin; tolbutamide; midazolam
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2.2.2 CocktailiRAIRAT R 494 & KB FRBCEAR
P T°40 mg, 2K T K20 mg, BKIAME 10 mg 2 |A]
—EPEH, IIA0.2% CMC-Na/K¥E# 10 mL, 74 i€
TRA), A 10 min, BIECH] AL Cocktail IR & HR £ .
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Xf BRI AT ,40 C /U N #E T A, 4R B
Py 53 SR 5 IS AR S PP 10 Y A 25
W (4 wg/mL) 100 pL K ERZS (IS 100 pL, 45
o3 25 EE 3 I S AR AR PE T 0.10,0.50,1.00,
2.00,5.00, 10.0 wg/mL; B KA T ik 0.10,1.00,
2.00,5.00, 25.0,50.0 pg/mL;BKikME4 0.05,0.10,
0.50,1.00,2.50,5.00 pg/mL, i€ 30 s,#7 10 min
J& ,13000 r/min £ .0 5 min, 3% U0, B3,
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KA 0.10,0.50,1.00 pwe/mL 3 N B AR I
FEGh A 5 0, 7 2.3 TUT Jr A AT AR S A 3
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3.2 LMSEEAANR  WEYh IEIRVE T
FHFHE R . Y=0.7878X-0.0306,r=0.9993 ; FH 4H#
IR ZRAETTFE R . Y =0.6372X+0.0751 ,r=0.9991 ; Bk ik
MO LM RN . Y=0.975X-0.0087 ,r=0.9999,, £k
PETE 4359 M AR TR PE 170.10 ~ 10.0 pg/mL; FT 2 it
TH0.10~50.0 pg/mL; BK iK1 £ 0.05 ~ 5.0 pg/ml,
A EBR (S/N=10) FEASPE T H 86 T IR
0.10 pg/mL, BKIKI:A40.05 pg/mL,
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1-A: & L3 (blank plasma) ; 1-B 3R EF 254+ K B PH°F (probe drugs+carbamazepine) ;
1-C; 25 [ M3 +F45T 258+ D95 (blank plasma +probe drugs+carbamazepine) ;
1-D . KA THE 25 0.5 h 137+ P65 (plasma after rat administration of probe drugs +carbamazepine )
1. AETRPE T ( phenacetin) ;2. BKiAIBEE (midazolam) 53. + I P4 T ( carbamazepine ) ;4. FF %6 T IR ( tolbutamide )

1 SRkRHEEIEE
Fig 1 HPLC chromatograms
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3.3 BEERE RUKHEKEEREN, AR
W BEARTIBVE T Dkasme & FH R T IR B N L H EDRS
BEE RSD ¥I/NF 1% NG5 RAT .

3.4 EdCERE R1IPCRIKE SR IRV KR
W FEARTIRPE T KA e | REE T IR Rl e 34 {8
BITE 75% V) 1, IR R 0E

3.5 BERRE RBREEARLIREN, &3
FRERAET 25 A% b | e B A B o I A T 2 U
TEHL 24 h,-20 CHAF 30 d, ) B %L 3 Uq , AER
VT FHORE TR BRIk s S A L R VR EE RSD
BIINF 9% , I3 FE SR e M R AT

R1 FRUGYHETENMEYRLER

Tab 1 The precisions and recoveries of probes

BEF 258 PSR/ (g - mL") A 9% (precision) , RSD/ % [\ R /%
(probe drug)  (concentration) /(g - mL™) [Py (inracday) i) inter—day) (recovery) /%
0.50 4.8 5.2 79.28+3.67
jH}KET 5.00 3.6 3.9 83.56+3.13
( phenacetin)
10.0 2.8 3.1 87.91+2.58
0.10 6.5 6.7 76.43+3.79
B 5
#L e 0.50 5.6 5.9 80.90+2.42
( midazolam)
1.00 3.9 4.4 85.36+2.61
5.0 4.0 4.2 82.79+3.23
P
qj?':ﬁ/\TH}’T( 25.0 2.5 2.4 84.09+2.57
(tolbutamide )
50.0 2.1 2.2 90.61+2.48

R2 RUGMHRERER

Tab 2 Stabilization determination of probes

FEIRHCE 24 h
i3 (room temperature )

WY

( concentration )

-20 CRR30d

(freeze—stored )

SR 3 K

(freezing and thawing)

(probe drug)

. -1 A . AT E SZ A E
/(pg - ml ) T . RSD/% T . RSD/% bl . RSD/%
(mean)/(pg - mL™) (mean)/(pg - mL™") (mean)/(pg * mL™)
0.50 0.39+0.03 6.84 0.40+0.03 7.15 0.39+0.03 7.42
1F}JKF§T 5.00 4.19+£0.22 5.21 4.07+£0.22 5.47 4.10+£0.23 5.55
( phenacetin)
10.0 8.75+0.32 3.66 8.77+0.30 3.42 8.68+0.34 3.89
0.10 0.075+0.01 7.22 0.073+0.01 8.43 0.074+0.01 8.13
R IA M
#L e 0.50 0.40+0.03 6.27 0.39+0.02 5.92 0.39+0.03 6.87
(' midazolam)
1.00 0.86+0.04 4.64 0.85+0.04 5.24 0.84+0.05 5.49
5.0 4.04£0.15 3.78 3.94+0.18 4.54 3.89+0.18 4.69
P
EF‘){:{]A—J.—%E 25.0 21.54+0.55 2.56 20.85+0.65 3.14 20.25+0.57 2.82
(tolbutamide )
50.0 44.64+1.06 2.37 45.03+1.21 2.68 44.97+1.05 2.33

3.6 B A 2 BT a2y - i TR AR
7 1m0 A B P ARAIR P4 T A

TR K 5 M 119 10 24 Yk R, AT R PE A 25 W X
CYP1A2 .CYP2C9 .CYP3A4 [520
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2-C ; BRIEME (midazolam )
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Fig 2 Concentration—time curves of the 3 probe drugs

in rat plasma after administration

4 e HING

TE CYP450 #REF 25 W k£, CYP1A2 21
BRAT 25 4 A il R 2R B A AR IR
TS CORHBESE CYPLA2 #REF 25 W 0 ke i) e I 2%
B 55 105 P IR A T e DR T S
K2y, WS ik AR IR PE T 4E 8 CYP1A2
TREFIR W5 CYP2CO R B 250 £ 2 A WK T
JIRE O RIAE AR SR T Holbrook AM 21 4f 38
TR T T 2 Bl B ) S 25 W) A B A T B0™
FAN RN, PR R T R4 S CYP2C9 5
EFIRY) ; ARG 2 PEA CYP3AL RIS 1 FH
PREF 259, FLRE R Sk 24, m] IR 45 2, Wi
SV I o N = P I 22X 17 O D g iV S S e o
SRAERINER 1 H 5 ARZ 1 CYP3A4 IRV A& R

GFRASCHED™ ) 25 BT AR SR BERRAEARPE T
I OREE T 1R BRIk AR KB CYP1A2 CYP2CY,
CYP3A4 W5 25,

ARWFFEG R 3 FERE 258 B bR R B P
A KA, 45 259078 230 nm ¥4 3K L AR
W R F B - 50 mM iR ER 22 whxt (65 ¢ 35) 1EN
TR 4 Sk A S S AR TR T S W s ) B
B P TR R AL AR, BRGR W H AR PE T 32
o3 A R T R DR B I ] B 2 S
35%H}, FLAR B s [A] R i 60 min, e 26 5 H vk
JEFE A5%HF , AT A 8545 A AR B 1] 5 2437 S AH pH K
T 3.5 i, WU TR A B R4 R B4, pH3.0
B, DR A el R4 R Sl A AR AL W B AH pH I
h 3.2 WURZHE S AH N H R -50 mM B2 AR
ZEPRXT (45 1 55;pH3.2) , K4 230 nm, 7E 1% 5%
PR 3 FERER 259 S bR o3 B o8 4, I8 TE R4F, G
Ze TRV T, 13K TR ED XS 3 AR RS 254 T
PR 4T B0 e ¥ JE T, W Ty ik B AR WX
HPLC Kl 5 vk R, L IR ko, B M4 o
b B AT, v P AE MR AR TS, Bl
YIS S0, % HPLC AL 52 25 W 7 R AR
AT B 1) AU T LA JE sh ) 5L 50 1R

ASBIGE ENT 0 51, AT ) — € S
3 Flt CYP450 V. RYFG-HR AT 245 W i vie B2 BT ] %o 4%
VTR 3 PR AT R BI  , m R AR 2 2 AR
WHER MG B, HAERERE Db lUARAR, A
FELPIXT CYPAS0 TEPE 52, AR 77 3656 T PP 25
Yt Ak O 25 M)A EAE T DL K48 S i
PRA B 25 B BRI 3 3L

SEH:

[1] Frye Reginald F. Probing the world of cytochrome P450 enzymes
[J]. Molecular interventions, 2004, 4(3) . 157-162.

[2] ok, x| J1, Bk, 5. MR P450 S5 B 25 HIWF RN
LI RS, 2007, 41(1) ; 46-48.
WU Yong-zhang, LIU Li, YANG Zhi-qiang, et al. Reseach,
development and application of cytochrome P450 and veterinary
drugs[ J]. Chinese Journal of Veterinary Drug, 2007, 41(1) : 46
-48.



HpE 25 4R35 2017 45 7 AR 51455 7 11

Chinese Journal of Veterinary Drug =27 -

(3]

(6]

[10]

Lewis D F, Watson E, Lake B G. Evolution of the cytochrome
P450 superfamily: sequence alignments and pharmacokinetics
[J]. Mutation Research/reviews in Mutation Research, 1998.
410(3) ; 245-270.

Flifrbk, JRIEME, 2= £l 45 CYP450 5 25 A BLAEH
LRI D 2 B FE B (1], P E 2 2K, 2015, 40
(18) : 3524-3529.

LU Tu-lin, SU Lian-1lin, JI De, et al. Interaction between
CYP450 enzymes and metabolism of traditional Chinese medicine
as well as enzyme activity assay[ J]. China Journal of Chinese
Materia Medica, 2015, 40(18) . 3524-3529.

5 fil, b ik, R BE, SR YREIRE CYP450 S rh gy
HHERRRL)]. hE T2 %, 2016, 41(15) : 2774-2780.
HOU Jian, SUN E, SONG Jie, et al. Relationship between he-
patic drug—metabolizing enzymes CYP450 and traditional Chinese
medicine—induced hepatotoxicity [ J ]. China Journal of Chinese
Materia Medica, 2016, 41(15) ; 2774-2780.

Lin Z, Guo S, Yang C, et al. In vivo effects of scutellarin on the
activities of CYP1A2, CYP2CI1, CYP2D1, and CYP3A4/2 by
cocktail probe drugs in rats[ J]. Pharmazie, 2014, 69(7) ; 537-
541.

D D Breimer, J H Schellens. A “cocktail” strategy to assess in vivo
oxidative drug metabolism in humans[ J]. Trends in Pharmacolog-
1990, 11(6) . 223-225.

T S, AR, S« Cocktail” BRET 25 Wk ORI S B 1%
SR LT EZGRR, 2010, 12(11) @ 30-34.
WANG Liang, GUO Jiao, SHI Zhong - feng, et al. Research

ical Sciences,

Route and Utilization of Cocktail Probe Drugs[ J]. Journal of Lia-

oning University of Traditional Chinese Medicine, 2010, 12
(11): 30-34.
TRAB, s, FMBENE. © cocktail” BREF 25 19k M OHAEMF L

R 2% i (3P4SO S R R
FEHAZRRE | 2013, 27(3) ; 445-450.
HOU Cong—song, YANG Zhi—hong, SUN Xiao—bo. Progress of

JELT]. EZGEE S

" cocktail" probe substrates approach and its application in stud-
ies of traditional Chinese materiamedica on cytochrome P450 sys-
tem[ J]. Chinese Journal of Pharmacology and Toxicology, 2013,
27(3) . 445-450.

e L, BT, ARTEI, 4F. HPLC v [ B e A i 5 ik ik
WG BT i PR R BE (1] 258 e 435, 2009, 29(8)
1348-1351.

YAN Ke-li, ZHAO Li, ZHU Xiou—qing, et al. HPLC determi-
Chi-

nation of midazolam and atracurium in human plasmal J].

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

nese Journal of Pharmaceutical Analysis, 2009, 29(8) . 1348~
1351.

BRER, BB, SRS, A N EALT R BT CYP1A2
Bt P-gp WEYERGEEMAL )], HZY, 2011, 33(1): 37-41.
WU Qin-yuan, WEI Yu—hui, ZHANG Jin—wen, et al. Effect of
Liuwei Dihuang Pill on the activity of liver CYP1A2 and P—gp in
rat intestines| J]. Chinese Traditional Patent Medicine, 2011, 33
(1): 37-41.

Yin S, Cheng Y, Li T, et al. Effects of notoginsenoside R1 on
CYP1A2, CYP2C11, CYP2D1, and CYP3A4/2 activities in rats
by cocktail probe drugs[J]. Pharmaceutical Biology, 2015, 54
(2): 231.

Xia CH, Sun J G, Wang G J, et al. Herb—drug interactions: in
vivo and in vitro effect of Shenmai injection, a herbal prepara-
tion, on the metabolic activities of hepatic cytochrome P450 3A1/
2, 2C6, 1A2, and 2E1 in rats[ J]. Planta Med, 2010, 76(3) :
245-250.

He X M, Zhou Y, Xu M Z, et al. Effects of long—term smoking
on the activity and mRNA expression of CYP isozymes in rats[ J].
J Thorac Dis, 2015, 7(10): 1725-1731.

Zhuang Z, Tang M, Zheng Y, et al. Effect of Dimethoate on the
Activity of Hepatic CYP450 Based on Pharmacokinetics of Probe
Drugs[ J]. Pharmacology, 2015, 95(5/6) : 243-250.

Wang X S, Hu X C, Chen G L, et al. Effects of vitexin on the
pharmacokinetics and mRNA expression of CYP isozymes in rats
[J]. Phytother Res, 2015, 29(3) : 366-372.

Halladay Jason S, Delarosa Erlie Marie, Tran Daniel, et al. High
—throughput, 384-well, LC-MS/MS CYP inhibition assay using
automation, cassette—analysis technique, and streamlined data a-
nalysis[ J ]. Drug Metabolism Letters, 2011, 5(3) . 220-230.
Holbrook A M, Pereira J A, Lab IR ISR, et al. Systematic Over-
view of Warfarin and Its Drug and Food Interactions[ J]. Arch In-
165(10) : 1095-1106.

Wang B, He F, Lin Y, et al. Effect of recombinant human thyll-

tren Med 2005,
losin— alphal, an immuno - modulating peptide with 28 amino
acids, on the activity of cytochrome P450s[ J]. Drug Metab Lett,
2007, 1(3) ; 199-204.

Liu Y, Jiao J J, Zhang C L. A Simplied Method to Determine
Five Cytochrome P450 Probe Drugs by
[J]. Biol. Pharm. Bull, 2009, 32(4) . 717-720.

HPLC in a Single Run

(% 8. &KEE)



