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[ Abstract ]
P450 probe substrates, including tolbutamide and its metabolite 4-hydroxytolbutamide for CYP2C9, chlorzoxazone

Objective; To set up an LC-MS-MS method for the simultaneous determination of Cytochrome

for CYP2EL. Method; Probe drugs with the IS gliclazide were extracted using ethyl acetate. Gradient elution was
performed on an Agelient Eclipse Plus-C g column (2.1 mm x50 mm, 3.5 pm). The mobile phase consisted of
0.01% formic acid (1 mmol -L ™" ammonium formate) and acetonitrile. The flow-rate was 0. 3 mL *min ', and the
injection volume was 10 pwL. The probe drugs were analyzed by ESI MS in MRM mode. The MS-MS reaction
selected ions 269. 1/170. 0 m/z for tolbutamide, 285.1/186.0 m/z for 4-hydroxytolbutamide, 168. 1/132. 1 m/z
for chlorzoxazone and m/z 322.3/170. 2 ions for gliclazide. Result: The tolbutamide, 4-hydroxytolbutamide and
chlorzoxazone had good linear relationship within the range of 0.98-4 000, 0.25-125, 0.98-2 000 pg - L',
respectively. The extraction recoveries for all probe dings were more than 70% . The stability RSD were less than
11% and matrix effects in plasma on the ionization of probe drugs were negligible. Conclusion: The method
described in this report has accuracy, sensitivity and reproducibility. The established LC-MS-MS method was

suitable for pharmacokinetic study of tolbutamide and chlorzoxazone as a cocktail probe group and could be applied

to hepatic microsomal enzyme study.
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HL(ZE[E Thermo 2AH]) .

L2 i 5k S v 5% (CZX) A 51 5% 4
(GCZ) XF HE & A [ v [ 24 26 0 o) A 2 T, it 5
435154 100364-200301 ,00269-201004 , 41 i =99% ; Fl
M T K (TOL) F1 432 3% F 2R i T ik (40OH-TOL) Iy
ERES Cerilliant 2 &), #t 5 43 5] & 1758990,
FNO61311-01, 45 & = 99% ; 2. Ji§ Fl B {2 g [ 36
Fisher Scientific /A &), 3% 4li; £ iR £ B W B 3% H
Honeywell 23], (3% 40 ; H AR I [ 75 [ Merk A #], €4
ol R4 W [ 9E 18 Roe Scientific /3 A, {4 i 4l ; H
b3 359 R T 5 AT 40, 52 58 K A B 4l K o

1.3 ¥ SPF it SD KB, /& 240 ~270 g,
F I o 458 AR S0 56 3l W B R A RS AR A A%
F5 SCXK (5% )2007-0001

2 HEMER

2.1 W

2.1.1 BRAEVEW AN MER AR 2 AR ET 251 TOL
CZX X B 1 mg, B F 1 mL BB, Bl 1 g L7
BWAENT W (T 4 CTIHEMRA) . HEE
TOL b £& W 46 &t A H B Ff BE Bl 40 000, 20 000,
10 000, 5 000,2 500, 1 250, 625,391,156, 78. 1,
39.1,19.5,9.8 pg- L~ f45 7 s 45 % = B 40H -
TOL b 28 ¥ 5 £ FH P B B AR 1 250,625,391, 156,
78.1,39.1,19.5,9.8,4.9,2.5 pg- L™ [l 45 HEE I ;
% e B CZX P 4% Y3 o P s B 20 000,
10 000, 5 000,2 500, 1 250, 625,391,156, 78. 1,
39.1,19.5,9.8 g+ L™ AYFRHEA I .

2.1.2 WFREW  HEFIFREL GCZ X RS 1 mg, &
F 1 mL B O AL 1 g LR WRE A I TR
(F4 CTFREMA) . HEMEmBEMR 1 mg- LAY
P 5 T

2.1.3 #kESHIRARE G K% AR
TOL 10 mg,CZX 5 mg 43 5% F 1 mL & EErh, Fi
10,5 g L™ BRET 2GR W . o0 SRS 5 10, 3 mL
BAET W W T 2.4 mL A ERER K b T ) TR

B IRET 2R

2.2 MRFER AR 100 wL i JHOKS % A N AR
GCZ 10 pL(1 mg-L™" )B4, A 0.2 mol-L™" 2 %
B 100 pL & 4 mL R 18, R % #2 B 5 min,
B0 W RS B A L, 1 mmol - LK R
KL A W 200 L B3, o B0 B B3 10
pl RS HT

2.3 WESM 4% &4 Agilengt Eclipse Plus-
Cofoif# (2.1 mm x50 mm,3.5 pum); fish A A
0.01% HIR/K (1 mmol-L™"FI R4k ) , B Z i, b6 Uk
i (0 ~4 min,20 ~85% B;4 ~4.2 min,85% B;4.2 ~
4.5 min,85 ~20% B;4.5 ~9 min,20% B) , i 0. 3
mL-min ' #EEE R 10 L, #:E 30 C,

T % 2 8 mE % B 7 Ak (EST) , B 1 i
Negative , 2 [ i & F Wi Il (MRM) , & 7 W{ 25 1 [k
(-4 500 V), & TR IR E (450 °C), Gasl (60 psi),
Gas2 (65 psi), K5 A& J1 (20 psi), TOL m/z:
269.1/170. 0;40H-TOL m/z 285.1/186.0;CZX m/z
168.1/132.1;GCZ m/z322.3/170.2,

2.4 PR EM L KA ARE ER 100 WL I3
2 A ] ek (0 %) Bt 7 1fi 3% v TOL Joi 4 ik J32
9 0.98,1.95,3.91,7.81,15.63,62.5,125 pg-L"'
K 62.5,125,250,500,1 000,4 000 pg-L "', 40H-
TOL Jii & ¥ & & 0.25,0.49,0.98, 1.95, 3.91,
15.63,125 pg- L', CZX i Hk)¥ M 0.98,1.95,
7.81,31.25,62.5,125 pg- L' K& 62.5, 125,250,
500,1 000,2 000 wg-L ™", 4% 2.2 T | b FEAE S, F
FHRE G 55 P8 b 0 18T AR L R SRR B MR C (g
L)Ltk ml I, 4 ik & #F F TOL,40H-TOL,
CZX /i & PR 2 5~ 0.98,0.25,0.98 pg-L°',
W1,

2.5 Lt AL L&, TOL,40H-TOL, CZX
LN bR GCZ (3G I R4f, I 5 b N IR P9 A T
PERF Y S NFR B 5 o S5 R 1,2 Fros , AR
T HA B LR

F1 KRMEFARHGOVHTEBER RENERREE

24 tp/min LN g L )5 77 F2/ g+ L' R? LLOQ/pg-L ™!
TOL 5.76 0.98 ~ 125 R=0.007 5C+0.023 1 0.999 3 0.98
62.5 ~4 000 R=0.007 5C+0.291 4 0.998 7
40H-TOL 2.84 0.25 ~ 125 R =0.001 7C -0.000 04 0.999 9 0.25
CzX 4.26 0.98 ~62.5 R =0.0007C +0.004 3 0.997 1 0.98
62.50 ~2 000 R=0.0007C+0.0115 0.997 8
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2.6 FEHEEMMEREE 100 WL I 5O 25 i A K R
AR IE S, TOL [ i & W B R 3. 91,62.5,250,
2000 pg-L°", 40H-TOL HYy JiE & ¥ /& & 0.98,
15.63,62.5 pg- L™', CZX (% i & ¥k i Jy 1.95,
31.25,125,1 000 pg-L~", 4% 08 2.2 T F AbFAE N
D b FE ) 25 5 0 A5 R L3R 2,

2.7 REUEEE 100 WL 2SO 5 AR R
T B TOL [y o 2 3 B R 3. 91,62.5,250,
2000 wg - L™', 40H-TOL (¥ & & Mk ¥ & 0.98,
15.63,62.5 pg- L™', CZX (% T & ¥k if Jy 1.95,

31.25,125,1 000 wg-L~", 4% 2.2 TR kb BRAE S T
170.0 TOL

0

11 0
o
HsC

269.1

.H
(CHa)sCHy

06.1

A% P TOL,40H-TOL, CZX [ 2B [m iR . 4k
JWL%% 3,
2.8 fRETE 100 pL =75 P SRR 25 i A 7] 45 i
Xof B L TOL (1 )5 42 ¥k BB 3. 91,62. 50,250 ,2 000

pg+ L™' 40H-TOL fy Ji it ¥k i 4 0.98,15.63,62.5
pe L', CZX (v B R 1.95,31.25,125,1 000
pg L' H -80 CUKAMRAE T d, H 37 CHEIEK

RS E 25 s ;4 CHUE 24 b J5, e B 4H 2y
WrHe s . 455 BRI E #diE () RE < 14% #1 RSD <
11% ,38] TOL,40H-TOL,CZX 7£ - 80 CJit & M 4 C

R 24 h MRRE . AR WK 4.

40H-TOL

2 10
g N*‘E
H
HO\CI )

H,

186.0

H
NZ
S(CHy)sCH3

285.1

L7104 1224

100 120 140 160 180 200 220 240 260 280 300 100 120 140 160 180 200 220 240 260 280 300
CZX
1320 170.2 GCZ
Cl H
N H (H
NN O
N °s
(0] o’
oL
168.0 2223
| 040 125.0
100 110 120 130 140 150 160 170 180 190 200 100 150 200 250 300 350 400
m/z m/z
1 ABRMEFRFHGY REFYRAIRN ZRRE
x2 ARRSHYRA MUEBEZEMABE (2 25,0 =6)
JA it Ak g
WH Y N
JugL WA/ gL RSD/% RE/% WA g L RSD/% RE/%
TOL 3.91 3.54 £0. 17 4.75 9.49 4.10 +£0.40 9. 64 4.97
62.50 59.93 +0. 69 1. 16 -4.11 58.69 +2.32 3.95 -6.09
250.0 260.3 £2.7 1.03 4.13 243.3 £19.2 7.89 -2.69
2 000. 0 2032.3+£24.8 1.22 1.62 1976.0 £68. 8 3.48 -1.20
40H-TOL 0.98 0.89 £0.05 5.13 -9.24 1.14 £0. 18 15.42 16. 82
15.63 14.69 £0. 33 2.23 -6.05 14.94 +1.09 7.32 -4.36
62.50 59.48 +1.87 3. 14 -4.84 56.64 +3.29 5.81 -9.38
CZX 1.95 1.85 £0.11 5.87 -5.08 1.96 £0.37 18.77 1.10
31.25 33.63 +0. 82 2.43 7. 60 34.05 +1.08 3. 16 4.78
125.0 128.4 +5.3 4.16 0. 82 123.9 £5.9 4.79 -0.83
1 000.0 1 030.8 £21.2 2.06 3.08 1045.7 £71.5 6. 84 4.58
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TOL B C 3 KABRMEPRSAYHRNEIKE(x+5,n=6)

012345678 012345678 012345678 o JinA HUEESss [l iy 2
PRI 2 N 1
/pg-L /ng-L /%
40H-TOL }\ TOL 3.91 3.06 =0.23 77.69 +5.53
012548898 012345678 012345678
62.50 53.50 £4.35 90.29 +5.02
Czx ‘ . JA\ h 250. 0 237.5 £23.6 95.00 +9. 43
012845678 012325678 012345678
2 000. 0 1894.2+131.2  94.71 +6.56
GCz 40H-TOL 0. 98 0.69 +0. 02 74.24 4. 44
012345678 012345678 01 567
/min 15.63 13.96 0. 95 91.36 +3. 80
o B 62.50 50.56 + 1. 86 80.90 2. 98
AL 25 LIS B. 25 (I A 3 Rl A b IR 9 4R GCZ (TOL:
CzX 1.95 1.93 0. 15 92.77 £5.55
0.98 pg L' ;40H-TOL:0.25 pg-L~';CZX:0.98 pg-L~';GCZ;
1 " - 31.25 29.72 +3.63 99.31 +11.00
100 pg-L™") 5 Co KR iv. 34 259 )5 1 3% Ff1 N k5 GCZ (TOL:
125.0 110.1+9.5 88.11 +7.58
24 h;40H-TOL:24 h;CZX:4 h)
2 TOL,40H-TOL,CZX #1 GCZ 2= Fif 1 000.0 970.8 +45.2 97.82 +4.25
R4 ARMEFRITEVHBEE (v £5,n=6)
A 7 dat -80 C 24 hatd C
A2 §
/pg-L MG/ gL RSD/ % RE/% MW/ gL RSD/ % RE/%
TOL 3.91 4.29 0. 18 4.30 9.72 3.45 +0.28 8.21 11.76
62.5 59.6 = 1. 31 2.21 -4.70 59.4+1.52 2.55 -4.99
250.0 232.5 +8.36 3.60 -6.97 269.2 £5.45 2.03 7.68
2 000. 0 2101.5+57.5 3.74 5.08 1993.7 +24.5 1.23 0.31
40H-TOL 0.98 0.93 £0. 10 11. 00 5.10 1.15 0.07 5.92 17.34
15. 63 15.48 +0.34 2.17 -0.96 15.16 0. 55 3.66 -3.01
62.5 58.3 +£1.90 3.25 ~6.67 69.0 =0.77 1.09 10.29
CzX 1.95 2.12£0.23 10.90 8.72 1.95+0. 11 5.60 0.00
31.25 31.50 = 1. 64 5.20 0. 80 30.33 +0. 98 3.23 -2.94
125.0 121.0 4. 88 4.03 -3.13 131.9 +1.93 1.46 5.56
1 000. 0 1134.0+38.6 3.40 13. 41 978.6 +14.6 1.49 -2.14

2.9 JEFRFN 6 FUK BUMLK R 40K 4 100 ul, £S5 KERMEHSHERR (1 =6)

HE I 2.2 SR ANERBE R, RN TR AR R WA L™ A /A%

AW, ¥ T A%, TOL Bk Ik 3.91,62. 5, 1oL 391 87.48

_ ; R 62.50 80. 30

250,2 000 pg- L™';40H-TOL ff & ¥ Ji&¥ Jy 0.98,

250. 0 98.91
15.63,62.5 pg-L ™", CZX &k &M 1.95,31.25,
2 000. 0 100. 6

125,1 000 pg-L~! AW EETEE 6 4

, pee LT A% 2k R WS AT B E 6 AOHTOL 008 1022

FES, e SR AL A, A, INER GCZ (100 15. 63 36. 84

pege LY [l E4T % 8¢, n$ 5 BT R, TOL,40H- 62.50 104.2

TOL,CZX 7 J6 L R R 7 o CZX 1.95 106. 8

3 BRBAEHR 31.25 9. 62

6 KRBT AL — KA R 12 b k% T 125.0 1041

WATRE 254, % &y TOL 1 mg-kg ™', CZX 0.5 10000 -7

i} GCZ(1S 100. 0 92.10

meg-kg ', TL25)5 0.05,0.12,0.25,0.5,1,2,4,6, (15)

8,10,12,16,24 h iR N MLE M 250 pL FHFE L 4 iFig

Brp B O, T -80 CHR MR WERHE 4.1 BERWESE  “Cocktail” 541 25 ¥ ¥: F T W

G, 2 o 25k il £, DL AT 3. WinNonlin 2R {7
PAAE 5 28 5 0 3 5 2 2 AR 3l 1= S8 W
6,
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5000
| - TOL
E
2 2500
S
0 . .
0 10 20
- 40H-TOL
60 -
~ 40
2
Bl
B 20 A
0 ,
0 10 20
1000 -
~CZX
—':—1
% 500
S
O
0 : *
0 5 10
t/h

B3 XEgERTHEGRIEAGWE TOL,
40H-TOL,CZX M Z5Rf i 2 (n =6)

%6 TOL,40H-TOL,CZX HIZ5E 2 SH (i £5,n=6)

2% TOL 40H-TOL CzX

Ke/h ™! 0.09 +0. 03 0.07£0.03  0.460.15
1,5/h 9.10 +3. 68 13.22 £3.25 1.77 £0.96
AUCo /ngrh™'-L™' 242762433481 525.7+76.9  864.0£257.9
AUC,.,/ng+h™'-L™" 28719.5+4875.5 759.2+167.1 871.1+263.4
CL/mL+h ™' kg ! 17.85 +3.28 - 623.7£215.1
Vd/mLh ="k ™! 228.3 +88.36 - 1531.9£792.9
MRT,_/h 7.80 £0.92 9.36 +0. 81 1.49 0. 26
MRT,_, /h 12.42 £3.58 19.55 £5.19 1.58 £0.29

“Coorperstown 5 + 1 Cocktail” p: 450 22 i et 24
Y2z 4k SRR FIR S 1k A JE AL L, AS SR e
T TOL F1 CZX fE5 CYP2C9 I CYP2E1 By R 4 24
Yo XRhEH B TRET IR W) Z (84 K A 25 W) M EAE
HLRE#ER [ e CYP2CO A1 CYP2ET B 1k o

CYP2CY : th T WU 5 BR A M A B Wi 52 B 2 7%
PEV, Ak bk R AR M i CYPIA2, CYP209,
CYP3A4 L[] 5 5 45 S0k AR5 ok R FORUG Y
R MIAEYEARME S CYP2CO (1 PR 25 W) 52 56 75 58, Thi
KT TOL Bz HoAg S L S TOLA-52 B4k J A o
WA AR CYP2EL: CZX S [ i o — il H T 30
SE CYP2EL B VR B0 45 R IR ST 259 . e Ae i £
TR A A A2 i 6-OH Sk Vb 5%, Bl 15
HIRHEE IR A G IR T HE T ST P A A AR

W=y 6-OH Ak vb 2% ok CZX LT 4 3 o A0
IF HARHE B, B — A AT EE A 7R K CYP2EL
TR R T AR B 25 5 T LS 5 T A BT s
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4.3 SRR TS T BB E RO
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FER A 1 mmol - L™ F R &% , iE 5 785 4% B 1 X ) o 3%
e o7 (L o R PR B8 Y 0, A R 1 15 00 245 4 LA A 0 1)
g B2 7 658 Jacd WS ] P o 068, 4 265 4 B BsF (]
4.4 XL LN~ Cocktail " FREF 25 ) 1k
W5 I 25 W 5 1, E R 2 4 v AR 38 A (R B R
245 9y I R0 B A 7 ok S W 2 g TS AR . T
TR PREF 25 W 0 e S PR A 25, OIS R AR IR X JH 24 i
PR A R, BT DL PEERET 245 W AL = i [ B
W5, B MEAG S e I 24 g 3 M o 5 DA AR SOk i 38 15
2y o5 25 ) & i, TOL i N 2 ~ 20 mg-
kg 'O CZX WITERIN 1 ~ 10 mg-kg PP A
255 TOL 1 mg-kg ™' ;CZX 0.5 mg-kg ™ MK ELAL, 7T
DL AT 25 W %o R B A BER B0 1 52 i) R & TR IR K
S A TS E B A v 0 24 A R A
LC-ESI-MS-MS J7 3 il %2 TOL,40H-TOL, CZX
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R HERA AR, 18 H T 25 W ) i 25 CYP2C9 Al
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