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(FZ] He @ KA 3 Fh CYP450 #REFZGMIMER (CYP1A2) | BRIAMAE: (CYP3AL) FIGAMEYD
% (CYP2E1) 9 HPLC-MS/MS /¥ h3k. Jiik HMEREEATIIEE, HR S0 EIE - B IBmT g Ui,
Fe AT 85 T M B SMTRFRTERR 2R % 3 Bl CYPAS0 FREF 25 e 20 bT. S50 KB rhamE A 7E 5 ~
100 ng/mL M EEFERIN A IE R IEF (r=0.9999) , BEIEPRASTE 1 ~ 100 ng/mL ML BN RIF (r=1.0000), M
VP2 AE 1~100 ng/mL W EEJE RN & ME R (= 1.0000) , HAKEZR508 1 ng/mL. 0.05 ng/mL A1 0.1 ng/mL; 3
il CYP450 FREF YR IURISCR YT & F 90% ,  H N & H RS % BEBI/INT 10%. 858 Z0r ik R U s . Sk
U BRAERMERE, ATE T cocktail FREFZGMIEIEAN CYPA50 M IE MR I S i R 27 .
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Determination of Three Cytochrome P450 Probe Substrates in
Cat Blood by Liquid Chromatography-tandem Mass
Spectrometry
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[ Abstract] Objective To develop a rapid and sensitive method for the simultaneous analysis of three
cytochrome P450 probe substrates ( caffeine, midazolam and chlorzoxazone) in rat blood by LC-ESI- MS/MS
method. Methods The samples were precipitated with methanol and analyzed with HPLC— MS/MS method.
Multiple characteristic ion pairs were adopted to three cytochrome P450 probe substrates for qualitative analysis and
the external standard method was adopted to three cytochrome P450 probe substrates for quantitative analysis.
Results The linear ranges were 5 ~ 100 ng/mL for caffeine (r =0.9999) | 1 ~ 100 ng/mL for midazolam (r =
1.0000) ., 1 ~ 100 ng/mL. for chlorzoxazone (r=1.0000) and their detection limits were 1 ng/mL, 0.05 ng/mL and
0.1 ng/mL, respectively. The exiract recoveries of three cytochrome P450 probe subsirates were above 90% |,
intra— and inter—day precisions were all less than 10%. Conclusion The method is accurate. sensitive, specific
and simple and can be used to evaluate CYP450 enzyme activity and forensic medical identification.
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Wik, JLLAM Rl b 2 th T2
Yy SETE RN B L SR U Sk R
B3ng, HEr, EHNIMTS SR Y i &
SR PRTECNE . P2 EENE DL BT R AE TS 4%E T
B R AR R AR S e P 1Y 5 S 2 gy rh R )
K Cocktail #4841 24 W A 50 0 L5 568 R Bl JHF
CYP1 A2, CYP3 Al. CYP2 E1 \WHIAYFEMHSS, Ky
FSE 5 530 A R CY P40 Jif it i s L 43t
AR obn M R, K s R SR M D 5% Ay ) 2
CYP1A2, CYP3A1. CYP2E1 H4R4EF25%y, Al LUI%T
SEPEHL RN 3 ARG PE s R, ARBESE T
TR 3 B CYPA50 #REF 2519 HPLC-MS/MS 2,
TR R = TSGR GE 19 i, HARRE v
bp . WERRMES . SCRPERGE.

1 RS

(280+20) g, W ARG r AR S PR .
1.1.2 FEZRF MIMERE (caffee, CAF) . BRIkME
£ (midazolam, MDZ) . GEME¥P5% (chlorzoxazone,
CLZ) ¥ A EZ sk Emabe; . B
Fohtkal, WER . ZUKRadral, 25 KN
J B G B K.
1.1.3 {438 HPLC-MS/MS = DU B FT £ K T 3
1%, HEh Agilent1290 FY @80 AR 3% (Analyst
® software T AEu) #1 AB SCIEX 4000Q TRAP 55k
Figf, HimEZs & (ESD .
1.2 FHik
1.2.1 SWEH  BWAMKM: ACQUITY UPLC ®
BEH C18 f4if%#: (2.1 mm x50 mm, 1.7 um); ¥
A A NZIE, B A 0.19%F ERK VI e RS .
0 ~0.8 min, WishA A N 1%; 0.8 ~2.5 min, Fizh
A 1%T15) 99%; 2.5 ~3.5 min, WEIAH A K
99%; 3.5 ~3.6 min, WLZIAH A HH 99%FFF] 1% ;
3.6 ~6min, Vs A HE] 1% FFFEAE: 5 pL,
Wik 0.3 mL/min, {FEIHE] 7 min, FEIR 40°C.

JT T Sk LW SE B U 43 IR T OE B T
(ESI+) Mg FH 4 (ESI-) , £ 5 b &l

1.1 # (MRM) , —EEPUMAFRIMIE. 3 FF CYP450 484524
1.1.1 LI zh¥  MEE SD K 30 H, k&E WIE B B X S S EOL R 1.
£ 1 37 CYP450 #R$TZ5MHIRIE S 4
Tab. 1 The Mass parameters of three CYP450 probe substrates

GERIEY] Bl FET Hii = DP(1k) EP(fR) CE(R) CXP(1R)

i A 195.1 138.1 ESI+ 70 10 27 12

K S 326.0 2913 ESI+ 100 10 38 12

LSS 168.0 132.2 ESI- -100 -10 -29 -15
1.2.2 LR KRAE LI KBBEHLFE 0 = pwm) 1Y SRR
M4, OB, i KE WM S 1.2.4 tRERTIABOES % FR IO HEE

WL (R 6 R, R KE GBI x 0 257115 5
15dJ5, FRIBARE RS 3 Fl CYP450 #4254
FRRAY (i —20 FA BERKIEfR) . JEFEg
BRSBTS 3. 5. 100 15, 30, 60, 90, 120,
240, 480, 720. 1440 min FE#HKF I

1.2.3 HRAE  H5~20 pL KR4I F EP 4
B OMAEEHE, JR% 3min, #A 10 min, &
0 10 min, W EIF WL A HLIER (13 mm x 0.22

BRIR e FI @I VD SRR UE i 4S 10.0 mg T 10 mL 4§
W, A 1.0 mg/mL B H BEARERG &0, B 4
CUKFAPRAT-. LA P s i A WG A MR R L Kk
W e VD S ) RANR AR (1 ng/mL, 5
ng/mL. 10 ng/mL. 20 ng/mL. 25 ng/mL. 50 ng/mL
A1 100 ng/mL) , LI 10 ng/mL. 50 ng/mL. 100
ng/mL K. Hr o AR BT NRR A R S B
PRV
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2.2 mBhiEERmEME IR
2.1 RFEEMMEIRE SRR A 0.1% %K - KEER . 0.1%H R

FERTIRARI ST, 2 L. JE AR
FIVRE St R e DR L I 2 e AR G s D SR 1 i R
DL 1, HAREEEE (R 43508 2.05 min, 2.48
min 1 2.18 min. %S [ A A EH 3 F CYP450 £

— IKVE RN 0.3% HBR — 7K I T80 356 3N s 4%
(40 ng/mL) #4704, ZERILEI 2. & 3. WD
SETETRAE 78 ShAR Hh S B | PR Ik 3 T R P 9 B
A TERRPER SN 0.19% IR — /K V6 W b e P
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Fig .1 The chromatograms of caffeine, midazolam and chlorzoxazone from top to bottom
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Fig. 2 Effects of acid and alkalinity of the mobile

phase on three CYP450 probe substrates
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Fig. 3 The response of chlorzoxazone
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2.3 RBUAFIMIERE

AR S 40 19 P 20 B e A R 4 I R A
BUALIRS HERESTAT, S5 DL 4, DA 3R HUR
TE SRR, bk DR ) e 0 S R [RT i, AR 52
55176 FH FH A S WA B R 2 7.
24 ZMEESKHR, TSR

JH HPLC-MS/MS #:05E 3 Ff CYP450 #R 52}
Y R GVRARI IR, DUE T 25 1 FH 40U 1 FH
PAsbr, MREE CoARARDR, 23 3 b CYP450 #4141
Y IR E RS, KR (LOD)  LAfE M Lt
(SIN) KT 3 HiFMbrne, Eabl (LOQ) LIFME:
FERTF 10 MArifE; 3 Ff CYP450 R4 259 p £k 1
TR K RN E PR L 2.
2.5 [EIER, £HE. BEEMERYMN

16 1.2.1 5 7F 4> %1% 10 ng/mL. 50 ng/mL.
100 ng/mL A9 . o 5 3 FRIEBINAR AR . FE0
JE BRI AR RIS R T (n=6), HEE3
Flt CYPA50 4REFLSITENL . . & 3 kB b4

WXIC of *MRM (5 pairs). 195.1007138 100 Da 1D kafeiyin 1 from Sample 853 (7 7 7 -7 7 7 7
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Fig. 4 The response of caffeine in samples in alkaline

mobile phase after treatment with acetonitrile

BUmlSeR | e . WERGRE . H A H RS
FE (R 3). SEWRAEM, K 2 BAT R
BREE . KERERE . FRIURISCR R b i L AL
2.6 HmBEM

Be il — s W BE A . . & 3 RO bR K
BUM, ZEACE 24 h X&) 3 RGmMIER G, #%
1.2.3 J7 12 b 38 o I oK B it BV B2 45 531 o 10
ng/m, 50 ng/m, 100 ng/m MIFEFUMPRIER (n=6),
FEAE 1.2.1 50 FE , 5 5 L m Aa e 1k vk
FaE Ve S5 R K0, 3 B CYP450 ¥4 29WI1E iR &
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Tab. 2 The linearities and detection sensitivities of three CYP450 probe substrates

Fri 2tk LMLV MRFRE () T ARAG H PR AR E HEFR
WA A=1.51¢’ C +3.36¢° 5 ~ 100 ng/mL 0.9999 0.3 ng/ml 1 ng/ml.
/SIS A=1.74 ¢'C + 3.16¢ 1 ~ 100 ng/mL. 1.0000 0.01 ng/mL 0.05 ng/mL
S A =886 C + 506 1 ~ 100 ng/mL. 1.0000 0. 05 ng/mL. 0. 1 ng/mL

Tab. 3 The extract recoveries .

% 3 3% CYP450 fRETAWAIREN IR, ERMMN . £HE. BEENREYE xs)
matrix effects, accuracies, precisions and stabilities of three CYP450 probe

substrates (v +s)

Hbr4 e RSD% HEWE %) A% (%) LR FaRE M (ng/mL)
(ng/mL) (%)
HP H [] FOWREYE  VRAMR N
e R 10 8.2 2.5 101.0£8.0 1025+48 1053+4.1 100+05 10003
50 1.0 1.0 993+1.8  100.1+44 953+83 50109  51.1+05
100 2.5 1.3 97.4+74 99769 98124 97511 99410
kA 10 5.3 2.9 977+68 100158 1012+24 9.1x0.1 9.9+0.2
50 1.1 0.9 1004+6.1 1004+59 987+17  489+05  487+05
100 1.3 0.6 989+26 101559 924+12  965x11 97406
M4 10 25 2.0 97.6+50 969+44 101012 93x0.1 9.8+0.1
50 1.9 1.3 987+51  967+55 992+46 52505  50.1+07
100 34 1.0 98.0+54  103.0x77 99.1+1.0 100313 101.0+1.0
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A PRTRT (PR, (RIS, A P 31 T4 T
100 ng/mL LAPY, X ALERER RIS Y/, BB &
A 0K 00 245 Ve JEE i R 1) A B RRRG I 5 R M A
TG I 35 SR ey 1] 5.

ARSCENL B, BEMERS . PR A I K R
AR BRI R VD % 3 R R 24
Wy, AIHE T2 s Ak R A

[ 30k ]

(1] R, SO, BRSCHE S5 WO (3 i Ik I 5 2
S Bl AE R SRR A (D). P ERE R AR,
2006,21(2):88-90.

(2] PRAEEN 525 R s A R [ ] AL 2h 2,

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

2013,10(11):12.

B 22 HOHAS A 5 R O g AR T i e () )b R
B 27%35,2009,4(4) : 66 - 68.

LW R (R 2 B PR RIS [ ] b R 2
i,2011,3(4):139.

LIN W,ZHANG J,LING X, et al.Evaluation of the effect of
TM208 on the activity of five cytochrome P450 enzymes
using on-line solid—phase extraction HPLC-DAD: A
cocktail approach [J].Chromatogr B Analyt Technol
Biomed Life Sci,2013,923(924):29 - 36.

DU J,LU X,LONG Z,et al.In vitro and in vivo anticancer
activity of aconitine on melanoma cell line B16 [J].
Molecules,2013,18(1):757 — 767.

SARAH C SIM,MAGNUS INGELMAN-SUNDBERG.
Update on allele nomenclature for human cytochromes
P450 and the P450
(CYP-Allele) [M]. United
States : Humana Press, 2013:251 - 259.

ZHU L,YANG X,ZHOU J,et al. The exposure of highly

human  cytochrome allele

nomenclature  database

toxic aconitine does not significantly impact the activity and
expression of cytochrome P450 3A in rats determined by a
novel ultra performance liquid chromatography—tandem
mass spectrometric method of a specific probe buspirone
[J]. Food Chem Toxicol,2013,51(1):396 — 403.
QIAN ZHAO,YAN L I,JIN PING,et al. LC-MS/MS
method to simultaneously determine six probe drugs for
CYP450 isozymes in Human Liver Microsomes [J].
Chromatographia,2014,77(13):913 - 922.
W A, MR, %5, Cocktail ¥RETZ5HITPAME L
FEREIC X KR CYP450 figRy s mi (1), HEBZA S
I K24 %,2009,28(5) : 337 — 341.
HARBE , FLAHE , B VK0, 5. LC-MS/MS [l E 5 Fif
TREF 2591t = Py A PN i (5 R P450 [R) T
BT PELT ] AP E 254, 2013, 10(5) : 263 - 268.
A NS, A% 35 27 L IV LC—ESI-MS-MS 32 [fl i i 5
T BRI P R A T MR /4- BRI R TR . kYD
ENE il A DA K2 A I NG S S M v 2/ S
2013,19(12):144 - 150.
Y IH, F4%, 35055 45 Cocktail FREF 25 WAL B
5.0 B A FIBLILRT CYPAS0 BRI [T].h
[ 5236y )22, 2013, 19(4) : 181 - 186.

(2015 - 06 — 29 W k)



