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o Tk RANB-EEEOT A TRE S AR, ZEHGRI FRHRUT LK, R S8R MIR%; KA XDB-Cj3 (50 mm X 4.6 mm, 5 pm)
FEEIEE, AR 40 C, B 0.4 mL/min; JESIAT PEE-0.1% T RRKIE, BREEVEMG: SRFTARMIZE S T (ESD. IE&T
. 2 RNVE R (MRM) #HTIE, EHRLE: m/iz356.2 [M+H] —m/z 192.1, BRETHIZ: m/z271.1 [M+H]"—m/z 203.0,
AR ZEEEMINE: m/z 258.1 [M+H] —m/z 121.1. ] WinNonlin 6.3 #/FAEG SEMGHARITESI258)% 35, &R IEHR
LFTE 0.05~20 ng/mL 2P AT, RRATHIZAE 0.005~2 ng/mL £k 4T, SEHAR L RINCHT I E 1 & TR 54 0.05 ng/mL 1
0.005 ng/mL; HEPARHILEASE AN T 14.4%, HERAEEIAE-7.19%~5.89%; FEEEIERA 82.8%~108%, JEFTUNAE 88.2%~
109%. Beagle K po 45 Voot )G, EHROENFEA ¥ S E tps Coaxs AUCon AUCyw MRTy» MRT,.« ¥d. CL
by, 5350k (1.084£0.20) h. (48.70418.10) ng/mL. (170.00+75.70) hng/mL. (178.00+77.50) hng/mL. (6.41%1.13) h.
(8.09+1.85) h. (133.00463.00) L. (11.9045.54) L/h F1 (7.714+1.07) h; BRATHZEM FEAENEBH fras Comaxs AUCo
AUCy_o» MRT(,« MRT,_.. Vd. CL Al #,,, 35} (1.17£0.26) h. (0.063 4£0.023 5) ng/mL. (0.176 0+0.091 9) h-ng/mL.
(0.204 0+0.097 3) hng/mL. (2.550%0.669) h. (3.640+0.818) h. (22351+7990) L. (791746 030) L/h 1 (2.390+0.877) h.
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Simultaneous determination of tetrahydropalmatine and imperatorin in plasma
of dog by LC-MS/MS method and pharmacokinetic study on application of
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Abstract: Objective To describe the pharmacokinetic profile of Yuanhu Zhitong Tablet (YZT) when administered to Beagle’s dogs, a
simple and sensitive method for determining tetrahydropalmatine and imperatorin in plasma of dogs was developed and validated by
liquid chromatography tandem mass spectrometry (LC-MS/MS). Methods Plasma samples were treated by a liquid-liquid extraction

method with methyl tertiary butyl ether. Etofesalamide was used as internal standard (IS). The separation was performed on a
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ZORBAX Eclipse XDB-C g column (50 mm x 4.6 mm, 5 um) at 40 ‘C with a flow rate of 0.4 mL/min using gradient mobile phase.
The mobile phase was consisted with methanol and 0.1% formic acid in water. After separated by liquid chromatography, analytes and IS
were detected in electrospray ionization source (ESI) positive ion mode at the specific multiple reaction monitoring (MRM) transitions of
m/z 356.2 [M + H]"—m/z 192.1 for tetrahydropalmatine, m/z 271.1 [M + H]"—m/z 203.0 for imperatorin, and m/z 258.1 [M + H] —m/z
121.1 for IS. The pharmacokinetic parameters for tetrahydropalmatine and imperatorin were calculated by WinNonlin 6.3 pharmacokinetic
program using non-compartmental analysis. Results Good linearity was achieved over the concentration ranges of 0.05 — 20 ng/mL for
tetrahydropalmatine and 0.005—2 ng/mL for imperatorin, with the lower quantification limit of 0.05 and 0.005 ng/mL, respectively. The
intra- and inter-batch precisions were less than 14.4%, and the accuracies were within + 7.19% for all analytes. The mean extraction
recoveries of analytes were between 88.2%—107%, and the matrix effects of analytes were between 82.2% —108%. The pharmacokinetic
parameters of tetrahydropalmatine after ig administration of YZT including 7.y, Cpax, AUCq,, AUCq_., MRT, MRT_,, Vd, CL, and #;),
were as follows: (1.08 +0.20) h, (48.70 £18.10) ng/mL, (170.00 + 75.70) h-ng/mL, (178.00 £ 77.50) h-ng/mL, (6.41 + 1.13) h, (8.09 +
1.85)h, (133.00 £ 63.00) L, (11.90 + 5.54) L/h, and (7.71 + 1.07) h; The pharmacokinetic parameters of imperatorin were (1.17 + 0.26) h,
(0.063 4 £0.023 5) ng/mL, (0.1760 + 0.091 9) h-ng/mL, (0.204 0 + 0.097 3) h-ng/mL, (2.550 + 0.669) h, (3.640 + 0.818) h, (22 351 +
7990) L, (7917 £ 6 030) L/h, and (2.390 + 0.877) h. Conclusion The fully validated LC-MS/MS method is successfully applied to a

pharmacokinetic study on tetrahydropalmatine and imperatorin in Beagle’s dogs following ig administration of YZT.

Key words: Yuanhu Zhitong Tablet; tetrahydropalmatine; imperatorin; LC-MS/MS; pharmacokinetics
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WETHR L E XA (LS 110726-201414, JFik
534899.9% ) BRHTEHZ 0 I (Gib 5 110826-201214,
JHEST L 99.5% ) 38 L AR I e Hh 2RI 5T
PR LRI O Bl 2 S R
L5 100680200901, JFiE 7341 100%); JCHHIEI F
R T HEBHIZ AR AR, #5 130805, Bk,
RS 0.45 g/, it i 025 g/i); Il (i,
KA RRMER AR AR HiR (B, Kt
JEEREAM THEFUIT s FIECT JEmE ((Ailkal, 5
Tedia A H)); 47K (BM-40 145 B D,
1.3 #h#)

{5k Beagle K 6 H, WEMESF, W@, 40
# 10.1~11.8 kg, WAL A HAA R A F3
At o IR R WA IS 4% 12 h [8) J F soh), 4] 92
FILE RFEE (22 1) °C, ¥ EARFFE (60 £5)%.
2 HE
2.1 ®BIEERHG

% k4 Zorbax Eclipse XDB-C (50 mm X 4.6
mm, 5 um), FEifd 40 °C, JBIAHN 100% F EE-0.1%
R 7K VA, o PV : 0~2.5 min, 40% FF %, 2.5~
4.8 min, 90%H##; 5.0~7.0 min, 98%F&#; 7.1~
11 min, 40%TEE; ARUEA 0.4 mL/min, HEFE
o 10 pl.
22 FRIESEMH

BUR W% B PR (BSD,  1E B F i
X, ZRMNIEI (MRM) SE BRI (3R A 200
ms); FINSH AN (CUR): 68.95 kPa
(10 psi), WifES (CAD): 55.06 kPa (8 psi), Mt
ZHE (IS): 5000V, JHEE (TEMD: 400 C,
Gasl: 620.55kPa (90 psi), Gas2: 273.80 kPa (40
psi), ANHE (EP): 6V, filff&E H L HLE (CXP):
15V; SEHELE: m/z356.2 [M+H] —m/z192.1,
fbFERE (CE) 75V, Zf&HH (DP) 280 V; KKl
% m/z271.1 [M+H] —m/z203.0, CE 19V, DP
65 Vi Whr LSRG : m/z 258.1 [M+H] —m/z
121.1, CE30V, DP80 V.
23 ARECH

CL ) ) AR 000 A0 JB 42 o ik 4 VORI T A 38 A7
T4 CUKAR, IR S ECE 30 min J5EH
231 FEWER £ F RIRKCHT B 25 (VR A5 0] Lt fidh 2%
WS RV TAER 20k RBGEA R 4% 10.01
mg, KKETHZ 10.05 mg 735 E T 50 mL &,

MRS EZS, WEWS, 14200 pg/mL FEHE L
F A 200 pg/mL BRHTEHZ0T SRV, RS L 1
mL EHIER LFEN R (200 pg/mL) A1 0.1 mL
WK 200 BRI (200 pg/mL), BT 100 mL &
W, HREER, RAWA, 4% 2 pg/mL JEH]
R LOFEA 0.2 pg/mL BRHTEZR TR0 IR - b
Ji B A PR A B B AE W R 4 2% TR IR 4 0
20, 10, 2. 1. 0.2, 0.1. 0.05 ng/mL FINKHTH25
R4 24 1..0.2. 0.1, 0.02. 0.01+ 0.005 ng/mL
(1) 2R B G0t B T AR R AR &% sk FE 4y
A 164 2. 0.1 ng/mL FARKATHH TR L 73
1.6« 0.2, 0.01 ng/mL [ R 5)HAERA TAEH
232 WHRMERIES TAER KPR 10 mg L%
KW, BT 10 mL T, RS2, |’
H¥5), 14 1.0 mg/mL NFRfE SR L R 1.0
mg/mL WAMEW T 1 mL, & T 100 mL &I,
FHFELE 2, JRAI15 10 pg/mL YRR &I . K5
I 10 pg/mL A FRfig 2 111.00 mL, & T 500 mL
SO, R E 7Y, IAI19 20 ng/mL AR TAE
24 MEHRFRE

K Beagle K 6 H, po 45 TIuHILE ., 42
FEAN 4.5 g/ R, BI18 A/R, MH%T 36 g2y, 20
mL KL, A25HIZE R, BHBYUK, 4255 4h i
o AT 25HT (0h) K45 25)5 0.083. 0.25. 0.5,
1. 1.5. 2. 3. 4. 6. 8. 12, 24, 30 h WK H I
KGR AL 4 mL, DLk, #0503 (4 °C. 4000
r/min Z.L0 Smin), —80 CHKFIEFZRIME.
2.5 M¥RHEHGE

RIS, B M RAE A AA-80 "CUKFE UG, =
HBCE AL, HX 500 pl 132, A 50 uL PIAR L5
Mif% (20 ng/mL)+ 10 pL FIFE. 3 mL FFFEECT JEH#,
WiJiE 2 min, 4 °C. 12 000 r/min 250> 5 min; HU 3
24 mL FBEES, 37 C NWF, A 100 pL &
W CFRE-ZK-FRIR 5 0 3 1 2) %, IWHERAT 1 min,
BUREAS T N4 7, 4 °C 12 000 t/min #5.0r 5 min, Y
IEE 10 pL EFE, T LC-MS/MS E =53
2.6 HUEALIE

[ H Analyst 1.5.2 4 A BEEAT, Al 4
GERA R L F . BRAT 2R bR £ B A M et 47 AR
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I-tetrahydropalmatine II-imperatorin III-IS A-blank plasma B-blank plasma + reference substance + IS~ C-plasma sample at 30 min after ig YZT to dogs

1 AEFERMEEE

Fig.1 Specific chromatograms of methodology

3.2 AMEEHEAERE TR B 500 uL R
Ho I 10 pL JEA U RS TAEMR, SRR MK
KB, KH “2.57 TR A TRE S AR 2L,
HHAT LC-MS/MS 7041, e IEIR L F . WRATIER
K NAREET AR . KRPE “2.67 T 5 8k 7 4
AEFE, AR R TERRFE AL 80%~120%, AR 6
AR E 1 RS IEAREE IR 37 85%~115%. i
IR IE 83 B mIE T RN LR £ %5 Y=0.006 08
X+0.000 057 2, r=0.995 4, £MEIEHA 0.05~20
ng/mL; KKATHIZE: Y=0.489 X+0.000 648, r=0.998 4,
R EVu ] 0.005~2 ng/mL. ZEHIR £ Z AR HTH %
e = N R4 5310 0.05 ng/mL A1 0.005 ng/mL, P
HIFINHREZE (RE) fE-3.33%~—1.13%, k& E
RSD ¥J/N T 14%.

3.1.3 MEMEAVRESE  BCHIm . RTEIREE
SR SR s 300 16,04 2.04 0.1 ng/mL
HVERHT 2= Pt Wl B2 43 b 1.6.0. 0.20. 0.01
ng/mL) AV RY IR A TR, KA “2.57
TR B AT A RE S b 3, 3354 T LC-MS/MSS 43

Br, BRI 6 MEA, LT 3 Mk
FEAGM T N 4 H RS IE i 4 v 5525 B2 it 1R 5
IR, H8NT T LR B RRS 2 E, 25 50
1. R AEEAER 235 IR B KT s pf
W RE #—7.19%~4.00%, AR RSD 1
4.67%~8.67%, HILIAIXE5 % &£ RSD 71 2.15%~14.4%;
R 2% P RR T 25 A5 TR B KT AR L ) RE
1£-3.68%~5.89%, ftHNKEE L RSD 1 4.65%~
7.75%, HEMEDREE RSD 7E 1.68%~5.66%, FF
B AT KLEWIRE S o AT 7 VIR AIE TR B SR o HEAS SRR
W ARG R WL 1.
3.4 I M 6 HERA AN, K GEH
HK L 0.1 ng/mL. MKETEIZ 0.01 ng/mL), ' (A&
TR 3 2 ng/mL. BRATHHE 0.2 ng/mL). = (4
TR £, % 16 ng/mL. MKHTHHZR 1.6 ng/mL) 3 M
WREE AP AT R RN 52

FEfh Az 40 pL 4K, 25 pL Jo/K R . 10 ul
JiEE TR 50 uL AR 5 R MI% (20 ng/mL)
FHRE VAV, WHE 1 min, 4 °C. 12 000 r/min &5.L» 10
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min; BFEATWIEEH, 4 °C . 12 000 r/min 2L
5min, FFFE 10 uL, HEAT LC-MS/MS & & 73 ricd
R DU P o ) 1 I THT A

FESD B: B 500 L RZS A3, A 60 uL H
fi 0 3 mL FEERCT BERE, 390 2 min 5, 4 C.
12 000 r/min 5.0 5 min. B 2.4 mL FiGH 2 B,
37 C/KET Ny ST, 100 L FibFESh A B3,
WATETRAT 2 min, FEAE U RS R IEREE T, 4 °C
12 000 r/min 5.0 5 min, #EFF 10 pL 247 LC-MS/MS
3 M S RE AR P b 1) € 335 0 THT A

FE it B A R TR 5 A S DT S FE R i A
NI Py e TRIARL L BID A A5 00 42 0 AR TR 6 T35

SER LR 1, RIETHR L ELE 3 MR ik
ACE R HIFE TSN K 88.2%~104%, RSD Jy 1.53%~
5.35%; BRHTHAZEAE 3 AN ik BT T IRk
V.l 96.8%~107%, RSD 4 1.40%~7.89%; WHrls
AAMINEIFETRON N 89.8%, FEFHUNANE NS R
HPAERZR £ AR AT 1A A B 2 5
315 #EHREEE MAHAK (EHRZFE 0.1
ng/mL. BRATHIZE 0.01 ng/mL). 1 (ZEHRLE2
ng/mL. BRATHIZ 0.2 ng/mL). & (EHRLZE 16
ng/mL; FKATHHZ 1.6 ng/mL) 3 AN R KFE
TR RS, R TUEIEE 6 MEA

FEfh C: HL 500 L RZS I3, A 10 uL Jif
2 TAEW, 50 uL MR TAEW (L5 RMEE 20
ng/mL)FI 3 mL FSECT JERE, i€ 2 min f5,4 °C.
12 000 r/min &0 5 min. B 2.4 mL b5 R & BT,
37 CARKH Ny, 100 pL ZH CFEE-/K-
Jo/KHR 50 030 0200 E¥, WIERY 2 min, K
FE SRS 2R H, 4 °CL 12 000 r/min &0
5 min, BEFE 10 pL #H{T LC-MS/MS & =/ Hrid
o DA YA 11 € 1 U T AN

FE i C U045 P U T R 5 AH Y. B oA B (P o B
DA (Ve AR L BT A A B P A0 YR PR B RS

SRR 1, RUFEIRISIE R IFE S b 2 4% 1
T FFIESA R L3R AE 3 AN S R KT R
FIFEE AT % R 98.1%~108%, RSD N 4.07%~
4.99%; FRPIRKETEAZRAE 3 AN FUE IR KT
N FEE R 84.7%~91.9%, RSD A 6.77%~
9.95%, Whr AR 2 H I 24 82.8%.
3.6 FETE RSN LE T EWICE 4 h, W
FERSIBUE 48 hy, —80 “CUAT 3 FILLSARRIEIR 3 IR
AR, AR L FRIRRETE R AR T A e
Pho HER 2 ATLUEH, 2 ANTE IR KT IR SE ]
ROFERMBRATHHE RSD BIAK T 8.76%, IR 1L
HRLERA R SRR AT 2 AR i R A e

F1 FEEEE. EHE. RINEKERERYELLER (n=06)
Table 1 Results of precision, accuracy, recovery, and matrix effect (n = 6)
SN plingmL™") LK RSD/%  HEAKS S RSD/%  ERGRE RE/Y%  BREURIRE/%  JEFRN/%
HEHR L E 0.1 14.4 5.87 2.24 98.10+3.99 88.20+4.72
2.0 8.79 4.67 4.00 100.004.97  104.00+2.51
16.0 2.15 8.67 -7.19 108.00+5.37 98.60+1.51
G ES 0.01 3.92 4.76 5.53 84.70£5.73 99.00+7.81
0.20 5.66 4.65 5.89 91.90+6.99 96.80+6.10
1.60 1.68 7.75 -3.68 87.301+8.69  107.00%1.49
AE7R 20.0 82.80+2.14 89.80+6.87
F2 BEMLER n=6)
Table 2 Results of stability (n = 6)
Py _ SETHR L F ; RKHT i 2%
pl(ng'mL ™) RE/% RSD/% pl(ngmL™") RE/% RSD/%
ERWE 4h 0.1 3.33 7.12 0.01 4.63 3.66
16.0 2.71 5.95 1.60 4.48 2.02
VRRIIEER 3 1% 0.1 4.68 6.59 0.01 3.03 8.76
16.0 5.21 6.32 1.60 3.13 3.85
A7 3 F 0.1 5.05 3.77 0.01 6.30 6.23
16.0 5.00 4.44 1.60 6.46 2.34
HEFEARTICE 24 h 0.1 8.80 6.26 0.01 8.00 4.46
16.0 1.87 6.24 1.60 6.35 2.86
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3.7 MRS PSR 2 B H it
S0 [ B RE T AERF L, TR IE R LR T
J5 2k 160 ng/mL FIEK I 1 2 54 B0 16 ng/mL (1)
RE AR, A AR 10 £5 5370
JE, HEMREMN. . MiRE 10 A% 5l e g SR LU
FASET AT BAE, AR TSR IR FEAR L I B 2R
L FIF) RE H 9.06%, RSD 4 3.22%; WKHTHH 2
RE J 4.79%, RSD 4 2.81%. & WXt R ML A S gk
TR G 3T, GRS IE T (1) 45 S R % Al S
8 L i 23 FL ) 249 B
32 HEHHEWR

ARSI Bk TR S g R SR P R AE R &
ZFBKHTEHZEN LC-MS/MS J7¥. 6 FUAFAd R
Beagle K, LL 18 F/RIWFIE po 4i2h)G, 1% “2.47
TR 7 SOREEREM, 4% “2.57 TR 7 A TRE i Ak
B, 05 R PR AE B 2R 3R 2R 1 R R
B, ZymfihZe &l 2 7. Beagle K& po 4524570
IR G, SN B B3 DA G 1) S S e
LRV KM BS503R 3 Fin. R LE
7t Beagle RAKHN fmax A 1.08 h, Coax A 48.70
ng/mL, AUC,. A 170.00 h-ng/mL, ;5 4 7.71 h;
BRI R AE RAR NI fnax A 1.17 By Crrax A 0.063 4
ng/mL, AUCy, 4 0.176 0 h-ng/mL, t;,, 4 2.390 h,

701
60t

A

501
401
30
20f
10f]

M 253K ¥/ (ng-mL ™)

0 5 10 15 20 25 30

I 253 %/ (pg-mL ™)

0 2 4 6 3 0 12
2 RKORTHILBEREMRPEARZE (A) FERAE]
HE (B) MAMRE-FEHE (X Xs,n=6)
Fig. 2 Mean plasma concentration-time curves of

tetrahydropalmatine (A) and imperatorin (B) after ig
administration of YTZ to dogs (X £s, n=6)

x 3 RORBATHILBHREHAERE ZRMERATH R
EEHNESH (X Ls,n=6)

Table3 Main pharmacokinetic parameters of tetrahydropalmatine
and imperatorin after ig administration of YTZ to dogs
(X £s,n=06)

S AL REHR L HE KR 2%
fax h 1.08+ 0.20 1.1740.26
Conax ng-mL”! 48.70+18.10  0.063 4+0.023 5
AUC,., hngmL™" 170.00+75.70 0.176 0+0.0919
AUC,., hngmL™" 178.00477.50 0.204 0+0.097 3
MRT,., h 6.41+1.13 2.550+0.669
MRT,., h 8.09+1.85 3.640+0.818
vd L 133.00£63.00 2235147990
CL Lh' 11.90+5.54 791746030
ty h 7.71£1.07 2.390+0.877

4 e

ARSI T KA I R S
PR G HIE AR 435 BT ER AR S AL
OIEAT IR, R RIINATIRIG, T
WETEAF LA, (RIS o] DA o Sy 7, 32 e R
TR o B0 52 T 10 KA H I ANAS R AR AR 20 £ 1)
IR . BRI HE 0.1% /K BAE A KA. S34b
R U, S R T, SRR e T =K

DUVEER A~ VB0 AE I [ AF A U A2 5 it Ak 2
(H B e S0 R FH P IR DTE R ML BN R A 7
B RN, HR B ARG . SO AR O 5K
G, RIS TSR L. AT E. LRI
AT IEBEAE A TRIGR], RINEEIR £ BR2 S 3Lk
A s T2 PR R RS T SR A T AR e b
e ok ) R, BRI R A v BLJG BHR E TON
HAE AR AL, PR AL B R R R, &G
KA AEYIRE S AT, PR SE6 R FH BT S ik
A7 EATFE S AL

WS, FALH LC-MS/MS J5 % R U &
L@ PELT, SEHHZR 4% 4E 0.05~20 ng/mL £ K4,
RKHT 2R AE 0.005~2 ng/mL £k R, IEHRLH
MERATEAZR € & R R 23000 0.05 ng/mL 1 0.005
ng/mL, N FREEDRG 2 LN T 14.4%, HEME
PITE-7.19%~5.89%, PEHUAISCZATE 82.8%~108%,
FE RN AE 88.2%~107%; HAVH — WAy
FXHATRE AR BE, AP, wAT S . &%
UE, 70T T R e R I RE i &R 43
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IR 2 R AE R AR I 2 825 PR L, ol
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18 HHE RS AT AR 25 2570 &, RILIGEH I
IO B 45 2 )5 A R LA R Y 1) 2 B I
KT ISR o BRI BUR Y, AN ) G A
IR S 7 IFAEAR N 1) R e 4T AT BRI 2 572,
DR 1M 12 7 45 1) 3 ST 6 T 00T R R 3 B Ok A7 R o
A LI 7 R AR R B AT T R

AR, BRATEH R AU R D ig 45T
KB RILRKHT I 2 R 38 = A B R L= A R R
KRR, HiEHROESAER SRS R
PC L St K B PR L A4 ¥ 55 (1) LR 1 FH 3 AT A 5
ROFHHPY, B, 7k xR 2
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