5520 44 23 1) rf [ S2 6 7 ) 2 de 7 Vol.20,No. 23
2014 4F 12 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2014

HPLC-MS-MS 39 7 K BR3¢ i 6 Ff CYP450 841254
K BXF CYP4A50 il 3% 4 1) 52 i)

KiF, 4hR*%, TXA, FBA, e, Tk’
(THAFPEHARE, &7 210028)

(HE] B @m0 O35 - — 9505 I (HPLC-MS-MS) 3 [7] i 2 ¢ SR 2K 6 Ff 20 ifd (4 3 PAS0( CYP450) 5
B2y, BOAETIRVE T FF R TR | B S8 e T A TR 36 TR R UM VD SR R SRR, O T IR N IE AN T B X CYPLA2, CYP2C9,
CYP2C19,CYP2D6,CYP2EL,CYP3A4 FEIEHERY LM . F5 3% R FHDUIE C gk (2.0 mm x 150 mm,5 pm) , i 3 AH 2 FF EBE-0. 1% H
R K W (70:30) , 3% 0.2 mLemin ™' KR 35 C o HIWESE BG4k, KLl O Ok 22 S B M . KBk 2 4L 4 B ig
PR AR KR BRI, 22 10 d, TH5 11 K45 F R BUERET 259, Fl HPLC-MS-MS 33U 5€ 6 F B AT 24 4 #9125 ¥k B, O 20 A HL AR
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B3, 45 : HPLC-MS-MS 3k [d] I il 72 JC B 3% b 6 Fift CYP450 #8525 4 KA B Xk CYP450 A 1 (Y %2 1)

Simultaneous Determination and Evaluation of Glycyrrhizae Radix on
Activity of Six Cytochrome P450 Enzymes in Vivo Using HPLC-MS-MS

WU Jie, ZHONG Rong-ling, WANG Da-wei, HUANG Hou-cai, SHEN Hong, LI Song-lin®
(Jiangsu Province Academy of Traditional Chinese Medicine, Nanjing 210028 , China)

[ Abstract | Objective;: An HPLC-MS-MS assay for simultaneous determination of phenacetin,
tolbutamide, omeprazole, metoprolol tartaric acid, chlorzoxazone and testosterone simultaneously in rat plasma was
established to evaluate Glycyrrhizae Radix on the activity of cytochrome P450 enzymes ( CYP1A2, CYP2C9,
CYP2C19, CYP2D6, CYP2EI and CYP3A4). Method: The separation was carried out on a Hanbon C ; column
(2.0 mm x 150 mm, 5 wm) at 35 °C. The mobile phase was methanol-0. 1% formic acid (70:30), running at a
flow rate of 0.2 mL -min~'. Mass spectrometry was performed in the multiple reaction monitoring (MRM) mode
with an ESI source. Two groups of rats were orally administered with saline solution and decoction of Glycyrrhizae
Radix, respectively, for consecutive 10 days. On the 11 th day of administration, a single oral dose of the mixture
of 6 probe drugs was given to all rats. The pharmacokinetics of probe drugs in rats was investigated, and the related
pharmacokinetic parameters were statistically analyzed. Result; The HPLC-MS-MS method was validated with good
sensitivity, precision, recovery and stability. It was found that Glycyrrhizae Radix could remarkably induce the
enzyme activity of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP2EI, whereas inhibit the enzyme activity of

CYP3 A4. Conclusion: The established method is proved to be sensitive, reliable and simple, which is suitable for

the study of Glycyrrhizae Radix or other drugs on the activity of CYP450 enzymes.
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A AR PASO(CYP450) J& Ak P fie 21 24
YR, TR 2 N MRS I AR e &
VE% EEAE A, Hp CYP1A2, CYP2C9, CYP2C19,
CYP 2D6,CYP2EL,CYP3A4 £ 57 90% L) I-25¥)
AR AT RR 36 4% [ TR CYPASO i 5 1 )
8 T 2 0 3 S A 5T, IT 8 81 SR BT 2 H
WAIHEAT I — T SE 55 . Cocktail ” 5 245 ) 16 02 3T
W25 % CYPAS0 Jig i M52 i J 25 90 A0 B AE H B A
MFB . BRIz, Aoy T A A
W), 07 JURT S v B O R BC AT A 7 LR A
Mz 2 MR, FEH RS CYP450 o &, Al
PLA 7 H R R i Ag) S H A 25
(5] (%) AH ELAE L Sy J7 500 B AT 338 B9 9 A0l PR BB 5 1
iR o A SCERIRE H R REfIT CYP [ F o 4
A B S CYP I A 0 7 )
b 245 B 23 0 AT R B T i 2 B A AR
Mo AW 28 e T Rl i B CYP i —
7 B ) S0, T ZERE AR ) b — MR A X 6 A
CYP SV AL 52 0 1t R A SCHRRIE . ABFFE S T
o RCVROR €3 - — 9% 5 % B ] ( HPLC-MS-MS) ¥ [] fif

HPLC-MS-MS; CYP450; probe drugs; Glycyrrhizae Radix

I 5E AR R B 6 FhAR BT 258, R R T
TRBA TR B SE T P A R SR FEVR IR AR D S R
B 43 %1 2% 4F CYP1A2, CYP2C9, CYP2C19, CYP2D6,
CYP2E1,CYP3A4 RyRETE P, IF FH T N oF 4 H 5 %t
CYP450 M5 PE M0

1

2695-Micromass Quattro micro Y& #H {0, 1i% - it 1% Bk
JHAL ( Waters ) , Masslynx 4. 1 %45 4t ¥ & 45, Mettler
1/100 J7 i+ K-, Micromax & 33 B .0 #H1 ( Thermo )
IR A 7% (228 SI, Vortex Genie-2) , Milli-Q #fi /K
fr (L [E ), SPD2010 K %5 £ .0 ¥ 4 X ( Thermo ) , JiE
% 78 % AX (BuchI, R-200) .

HIE G RAEY H ¥ Glyeyrrhiza uralensis 1R
FMRZE, 72 AT E, A Bk TR I AU S
2010 4F R e [ 25 3 ) FH G TT #5K

AEARVE TR TR R S R 0 A R 36 4
IR AW VD S S R bl R SR B AR RR A R A
A B2 5 bR A% 51 5 A (A5 100269-201004 ) 1t B
T [ A il 24 R E ST B o

s o 35 4l (3£ [ Tedia) , R . LR O BRYY
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3 B 4l Crg A2l 0 — ) L K 2 Mlli-Q 4k 7
Hik o SD KB 12 2 Bk, K5 (250 £20) g, fydb
2 R AR S B W) B R A BR A ) AL B AR UE S
SCXK ( 5%)2012-0001 ,
2 Hik
2.1 FVRECH] R R B B IS P
RS AR PE T H R TR L SR SE R Y A R 3%
FEUK IR S YD O | SRR B A v B 43 5 R 10, 100,
1,1, 100, 1 g-L™"fyf £, I FHF B ¢ i 2R 471
PR, T 4 C kAR TP AR A

i 2 Bk UK 471 55 4 ) A 3 6, P T2 A, o1t
JREm A E R 1 g L' W N ARG A, OF P AR B 2
10 mg- L™ (N FRIE I, T 4 C kAR P IATT
2.2 HRBEBORME %  HREFRE, A 10 £ 5
B FIK B L b I mIE 2 IR 1 h B IF R
HOR, U8 A% 2o i 25 R A% BT, T 2 28 Wk i 22 24 W o
WeBE A 0.16 g-mL ™",
2.3 REAYRE A PRECGIEIRYE T W R AR T
JIR B SE R A R S FEIS IR AR VD % SRR T
0.5% CMC-Na %, (K prs e B2 or o 1, 1,
1,2.5,41,2¢L°",
2.4 &M B RADIS Co k(2.0 mm x
150 mm,5 pwm) , i 2 A ok B -0, 1% H iR /K i
(70:30) , %74 0.2 mLemin ', #:JH 35 C,

Mm% s i, B R 3 kY, B IR IR A
110 °C, F 1A BE 400 C, T B 400 L-h ™',
i 75 2R 22 R B M (MRM) |, HI 77 5E & 53 57
A0 £ 825 - B N7 LA K R T 0 4 L PR R R 43 RE it
W1, BEREEE S (HR)4.0 x 10~ kPa,

F1 RHAYTIARHBEFRERNEAEFLBEMAERS

Bt BTN HEFLRE  REREAE R
iniey|
(ESI) (m/z—m/z) /V /eV
VT + 180.6—110.3 35 20
2R T IR + 271.5—-74.3 25 15
T 5 g + 346.4-—198.4 20 12
WA R 3 FE I8 R + 268.6—116.4 35 20
AR IR - 168.6—132.3 40 20
SR + 289.5—97.3 35 25
+ 324.4127.4 30 20
6 31 57 45 (N FR )
- 322.5-5170.3 35 25

2.5 ILFRRE SN B AL ER O HCRE DU M 3% 100 pL T

1.5 mL eppendorf & 1, I A AR # (10 mg-L™")

10 pL#z3% 10 s, N4 R L HE 0.5 mL, #& % 2 min,
<112 -

15 000 rmin "B 0> 5 min, B | ¥ W 450 plL F
45 CHEA WS 2T, 5% i 100 wL 3 2h A1 % i, 4R
% 2 min, 15 000 r-min ' & L 5 min, FIE WK
5 wLiE A HPLC-MS-MS {%43#7 .
2.6 ZI KRG HE KR 12 H LR 2
H,EH o6 R, T4 ig K, D4 ig B HIRIURK
(0.8 g-kg ™) A K 14F 8:30 4525 34 10 d, T4
11 R KR ig WEF 259 IR AW (10 mL-kg ™),
T 2R 425 )5 0.083 3, 0.25, 0.5, 1, 1.5,
2,3,5,8, 12, 24 hiRJE# ik A B 300 plL, & F
HEZ AR .4 000 remin ™ B0 5 min, 43 H M
RV R Z 44T . B ) 45 3 R B i A2 B b 7K DA
T
3 &R
3.1 kML EN LR AT, JEIRYE
TUHOREE TR B OE R AR S TR R LR T
57 SR K N BR A B SRR IR AT DR B A T 43 R
2.8,3.6,2.9,1.6,3.6,7.6, 4.8 min([& 1),
W B 2% R TP L DU E
3.2 RMERRKGERR 4 IR 5 R 5 e
R BB AR 10 L, A E 100 pl KBS P I 3K
R I AR S Ak B TR A O SR 0 1T R
DA AT 245 4 08 T AR 5 oA o 0 T RRUAS) LU () X ik
(C)EEZ A, A2k JoE B (S/N >10),
W2,
3.3 WICREE  FCH S R A AR P
R I FRAE ity G AN T P, 2 ISR Y b B 5
THEAE, B0 S BTN AN PR 10 pL, BAE
WA ET o HAh, A 3K 100 wL, # i 3 F 5
(R 4h B 30 AR B0 S T R I A A R R
(AT 25 ) 6 BRI IR AR W, B R 2T
5%t FH 100 WL 3 3l AH VA i, 36 RE 50 BT, 15 B IR BT 25
Yy R0 AR 0 0 T RR LU AR o K T o Ak 7 324 81 1 g
T AR (A AT Fe A, A5 B4R AT 25 9 i SR BRIl
%3,

T3 ANBE ) B BB 25 WA L b v B Y I 3R AR
i, 5 I SRR AR A B IR R A I SR 0 1 R
DA 259 55 N b 1) 0 1 AR EE (B A A Y REAT AR
iR, T30 T 15 v B ok LA R ik B B A5 AR X [l i
ROE3,
3.4 FLJEELN BUAS FIE 100 L, 45 i AR
(R Ah R I0R AR B0 S T T I A A R R
(AT 245 ) 6 IR SR I AR W, S R 2T
T3 WS B B 100 L, i ACAH 07 v B 9 4R 245 0 X



BRI, 55 HPLC-MS-MS %k [d] B 5 K B 6 Fh CYPASO0 R4 254 Ko H 5% CYPASO B 14 i

=

w2 ”fﬂ

Lo AETRPE T 52, WORAE T IR ;3. B Ehrmh 4. A1 MR EFEIE IR 55 Mk vb s
HERNARGARME BIE

C

;'N

AL FTIE B 2 FR T A 6 B 2500 J% 0 B B 00 C. K R 260 1 b A K5
6. ST, M BIFERE(ESLY ) 38, M55 45 (ESL)

B1

R2 6TRHAMMIMEMEREER

2y R T r ZHE R /mg- L7 LOQ/pg L™
TG T /, =0.000 3C, +0.008 6 0.999 7 0.01 ~25 1
R TR f, =0.038 8C, +0.006 3 0.999 6 0.1 ~250 10
AL R e f, =0.000 13C; +0.000 7 0.999 8 0.01 ~2.5 0.5
A R FEIR IR f, =0.000 2C, +0.000 3 0.999 6 0.01~2.5 0.5
L fs =1.8299C; +0.23 0.999 5 0.1 ~250 10
i fs =0.000 12C, +0.001 1 0.999 6 10.01 ~ 1 0.5
x3 6HMRMAGMENR P BB RMERHM (v £5,n=6)
L) mAH/mg-L~! R R % RSD/% AR X B R % RSD/% I RN / % RSD/%
LA VE T 0. 025 88.24 +1.67 1.9 109.47 + 3.78 3.5 84.16 £9.32 11.1
0.5 89.60 +7.38 8.2 101.08 + 4.09 4.1 94.19 +5.47 5.8
20 92.74 +6. 40 6.9 97.96 = 7.44 7.6 89.61 £7.73 8.6
2T TR 0.25 72.32 3. 80 5.3 97.71 £12. 55 12.9 100.02 £1.52 1.5
5 73.32%3.19 4.4 106.09 + 5.69 5.4 96.66 +6.17 6.4
200 71.09 +4.91 6.9 107.92 + 5.24 4.9 92.42 +6.49 7.0
LS =E Al 0.002 5 95.34 +3.34 3.5 93.59 + 5.71 6.1 80.82 +5.97 7.4
0.05 89.42 +9. 06 10. 1 104.38 + 6.36 6.1 80.15 £2.52 3.1
2 98.57 +2.69 2.7 89.80 = 2.87 3.2 88.94 +6.04 6.8
A TR 25 4TV R 0.002 5 82.83 £5.18 6.3 107.49 = 5.89 5.5 80.75 £4. 69 5.8
0.05 82.36 £7.53 9.1 96.81 = 6.22 6.4 82.35 8. 01 9.7
2 76.04 =1.25 1.6 99.01 = 3.96 4.0 86.01 £7.27 8.5
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23K 3
2y A /mg-L~" PR/ % RSD/% AR 11 2R/ % RSD/% BTN/ % RSD/%
S 0.25 88.64 £5.04 5.7 101.80 +12.76 12.5 85.86 +4. 63 5.5

5 87.93 £7.45 8.7 106.98 + 3. 65 3.4 95.00 = 6. 74 7.1

200 96.27 3. 31 3.4 99.54 + 6.23 6.3 95.29 +2.05 2.2

2 0.002 5 98.00 =5.23 5.3 106.50 + 7.12 6.7 91.80 5. 69 6.2

0.05 93.72 +5.21 5.6 104.30 + 8. 40 8.1 94.42 £5.96 6.3

1 89.45 1. 60 1.8 101.75 £ 5.59 5.5 103.39 £3.43 3.3
& 5 55 1 - - - - 96. 24 +6. 30 6.6

Tt R R PR TR, LS R AR 2T BRI 100 pl
TSR, FERE 0 A, 45 B AR B 245 W) R A A Y e T
FRECAE o R P b Ak 3L 75 vk 45 21 1% e 1 AR BE (ELE AT LU
B A BIERET 259 B A ) B SR , WL 3

P ML AR o, L R i 0 A B 3T 4R A A A
WeFE A 1S Oy RE Al B — R BEAE 1 RINIIE 5 %
SR, 2 3 d I E B S KT % . 8
SR A ERAWNE PN 70/ RS -82 WR7 3 SRPI B G

3.5 KEEmEEE EHS R R EAR P PN FIHL TRDHS % 5, D3k 4.
x4 6HMRHUBGMAMAENBEEE (v £5,n=5)
ARG R HE ) KG 2% 2
2 A/ mg- L7
754/ mg- L~ RSD/% 754/ mg- L~ RSD/ %
JEIPE T 0.025 0.027 4 +0.000 9 3.5 0.027 4 £0.001 1 3.9
0.5 0.505 4 +0.020 5 4.1 0.501 9 +0.020 7 4.1
20 19.592 4 +1.488 4 7.6 19.884 2 +1.459 6 7.3
R T IR 0.25 0.244 3 £0.031 4 13.0 0.2513+0.029 4 12.0
5 5.304 3 +0.284 7 5.4 5.250 4 £0.282 0 5.4
200 215.830 7 £10.489 5 4.9 217.896 1 £10.273 4 4.7
RS i 0.002 5 0.002 3 £0.000 1 6.1 0.002 3 £0.000 2 6.7
0.05 0.052 2 +0.003 2 6.1 0.051 8 £0.003 4 6.6
2 1.850 7 £0.057 4 3.1 1.840 0 £0.062 6 3.4
R 2 468 R 0.002 5 0.002 7 £0.000 1 5.5 0.002 7 £0.000 2 5.8
0.05 0.048 4 +0.003 1 6.4 0.048 6 +0.003 4 7.1
2 1.9802+0.079 1 4.0 2.000 0 £0.069 8 3.5
S Vb o 0.25 0.2545+0.0319 13.0 0.249 3 +0.032 7 13.0
5 5.348 9 +0.182 6 3.4 5.3611+0.201 3 3.8
200 199.077 3 +12.461 1 6.3 196.670 6 +12.274 2 6.2
L4 0.002 5 0.002 7 £0.000 2 6.7 0.002 6 £0.000 2 7.4
0.05 0.052 2 £0.004 2 8.1 0.051 3 £0.004 1 8.1
1 1.017 5 +0.059 9 5.5 1.037 5 +0.031 4 3.0

3.6 FEMEE

He ) & PRET 25 WA R R

FR AL A L AR i 9 A B TR #R AR 0 )
PEAT ML 2 R AR IO DR R DR A 4 VR R il
T RE PR 54 4521 6 A 24 Wy A i rb 0 i vk JE 14
XRZE <15% , GEHIIM A 2B CE 12 h SR EA T
W5 ML 22 SR I, T 4R S T 4 C KA IR A7 48 h

114 -

T R R AL MHAE - 20 CUKAF T iEAE S d Al
1S d NSRRI 3 YR ) BLRE %

3.7 ZyEhEfEsE SR DAS2.0 Bk UG s
R 55 21 R R i D RIS 25 5 1 25 8 S
B, JF 0 SPSS 11,5 BEAT ALY ¢« K4, W3R S,
- 24 i 24 e -t 1] il 4 (P 2) .



BRI, 55 HPLC-MS-MS %k [d] B 5 K B 6 Fh CYPASO R4 254 Ko H 5% CYPASO B 1 B4 5 1

RS OHRHAMWEZRGHFSH (v 25,n=5)

BT 2 4153 AT R A TR BRIERIME W ARRRITIER MR S
AUC, ,/pg-h-mL~1 %88 14.65 +3.84 1 885.34 £214.86 1.12 £0.27 2.34+0.44  118.14 £20.46 (147.92 £37.37) x10 73
HHFE  5.02+1.47V1384.20 +195. 10" 0.26 £0.05")  0.69 +0.07")  83.33 £21.70" (248.12 £82.08) x 1031
ty,2/h XFHE 9.92 £1.46 4.95£0.49 1.59 +0.69 6.73 £2.92 0.97 +0.42 3.27 +0.64
HE  6.99+2.34 6.09 +0.911) 1.04 £0.37 7.00 £3.36 0.91 +£0.30 2.84£1.09
i X 0.30 £0. 11 1.40 £0.55 0.25 +0.00 0.31£0.13 0.30+0.11 0.85+0.49
HE  0.40£0.14 1.90 £0.74 0.35+0.14 0.45£0.11 0.50 £0.31 1.05£0.51
CL/L+h kg ! X 1.28 £0.36 (5.20 £0.80) x 10 =3 9.40 +2.51 10.95 +2011 0.35+0.06 266.43 +60. 34
HH 4.34+£1.29"  (6.80+1.30) x10 31 35,24 +2.57") 35.46 £3.79") 0.51 £0.16 173.27 +74.48")
Con/mg+L 1 PR 19.79 £3.16  243.20 £28.02 2.00 +0.45 2.09+0.41  102.35 £39.65 (54.47 £6.12) x10 ~3
H®  4.4221.13") 138.98 +8.37") 0.32+0.05"  0.45+0.12")  55.65 +15.52") (73.92+£13.67) x10-3 1)

TE 50 B g P <0. 05,

30
25
20

C/ug-L'1
G

C/ug-L'l

150

"3 100
0
3
35 —— i
50
—a— H A
0 - T e » |
0 2 4 6 8 10
t/h

C/pg-L'1

25 WL R FC R

T.J
&
Z
O
100
28
80
=
% 60
=3
B 40 —— TR
——HEA
20
0 T T 1
0 5 10 15
t/h

B2 XBRARKSAYENFHMBGRE-FBEHLE(xxs,n=6)

e 5 ] 0, Ak BE AL AR L, H R RE A 3R IS 7Y
T UHRRE TR B DS R T TR 3 4 U K A
PSR, AUC Al €, 3 18 3 PEREAIG, JE 8
VT A TR LR SE 7 e R A R 36 R R BT
I R G Mk 8 o, % B XF CYPLA2, CYP2C9,
CYP2C19,CYP2D6,CYP2E] [iff (19355 S 4E F 5 1 H 22
R B P AU S I ) SR T 18, AR SR BLAE
AUC, C,, 1 535 M35 0 Fn v B 6 0 35 012, i B

HHXS CYP3A4 il A #0H/E H o
4 itig

T AR AR PG T I A7 R 5 46 9% 4K R 52 i A IE S
TR T N A T SR P U SR AT R SR
A7 B M L, DRI AR S 98 2R FH O B 1 R I 4 A
Jrae o T IR H BROE L DR AR R A9 A T
BR2E T B PR IE OO RS T A B W I A N
i, A% B 5 R 5 A v A AR R R T Y A B T
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AIM+H] W W] =AM - H] g, [7] B 4% 51 5%
FEAE LA (5 55 T o0 R4 Ao Al &g, e A0t ik
BAE RS

PEPEIE S (4R EF 2590k TP CYPAS0 il i 1 2
TR W i o I ST A Y 0 24 B2 e s R
CYP R AL, JE1 PEAr 0k (9 25 9 A 388 68 0 w] 2R Wik
A O A 35 0 B S G PR 48 25 07 R B T
B ML FDA 45 S J5 00 LA R [ A Ah R G Sk o
I F A58 CYPAS0 [R) T/ (%) fe LR & 259, AR
SER PR T AR T R R TR e e
e R K R A v 2
RO VE S R 2 . S 6 Rh R AT 25 W 1E K R
RN 2582 S 500 % i 2% 0 b, & H X
CYP1A2,CYP2C9,CYP2C19,CYP2D6,CYP2EL 15 i
SAER X CYP3A4 HMHIMERH . AR AIH
R A S CYPLA2!, CYP2EL'™ i 3% o, 40 I
CYP3A4™ {3 1, X 5 A S o 4 R — B, Rtk B
FAEIG IR B A JF 8 FH 26 CYPAS0 1R8] 1 25 Wy it Jof
T2 8T A 25 W AR 0 5 0 B R R A
JEVZ5.00 04 205 2 790 S S R BL R £ 2k

AL # N7 T A ME AR A9 HPLC-MS-MS 3 [A]
P 5 TR B P i 6 R IR AR 254, AT — Utk 3R
18 6 Fh CYPASO il i 74 (9 15 B, 3 F T 0F 58 v 25 &%
TR 25Xt CYPASO i 5 S 00 460 £ 1, e
A BT R 25 W AP AR BRI B 0O ) itk
AT, Sk v e Ty 7 R 2 AR R IR A PR 25 3 it
PSR

[ &% 3Tk ]
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