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Abstract: Objective To investigate the pharmacokinetics of paconol and its metabolites M1—M4 in rats after intragastric
administration of Moutan Cortex. Methods SD rats were orally administered different doses (0.5, 1.0, 2.0 g/kg) of Moutan Cortex,
and blood was taken from the fundus venous plexus at various time points to collect plasma samples. After given 1.0 g/lkg Moutan
Cortex extract, urine, bile and feces samples were collected for the corresponding time period. The biological samples were treated
with acetonitrile (containing 0.1% formic acid) to precipitate protein, and the established UPLC-MS/MS analysis method was used to
detect the content of paeonol and its four metabolites in biological samples. Results The established biological sample analysis
method satisfied the analytical requirements. After administered to rats with doses (0.5, 1.0, 2.0 g/kg) of Moutan Cortex extract, the fmax of
paeonol was (0.15 £ 0.08) h, (0.33 £ 0.19) h, (0.31 + 0.13) h; and #12 was (1.16 £ 0.37) h, (1.19 £ 0.45) h, (1.24 £ 0.35) h. Cmaxand
AUCo- were increased with the increase of dosage of Moutan Cortex extract, which showed dose-dependent manner. M1—M4 also
reached Cmax after 1 h of administration. The main way of excretion of metabolites was confirmed by urine > bile > feces.
Conclusion After ig administration of Moutan Cortex, paconol has the characteristics of rapid absorption, metabolism and
elimination and mainly excreted in the form of metabolites through urine.
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$PY R B ERUEYIA Y Paeonia suffiuticosa
Andr. FJTRRRE, IhET (FRAEZ), 505
s FOBRET s PREROOE L. I B2, AR
I AR DR AR B S AR
B, A PR BAPUEAR. BRBL uEell L
MR, PR E RIFEL 5 RE AR H 00
LT EAE o 4P BOE N ] T 2 Rk T,
ISR FL. IR EEBOL. &7, KEH 1
o PEEE LS B B RE TRy, B EA
LR AR, EZ ) 2015 AR RRIE
PE Ry VR Dyt P BB FR bR vE Ry, S EA DT
1.2%. B PT Bz S H 3 BRI B gy A IR S H
AR R BAE IR R ROR, (E T B2 By £ A4 Y
WCERFI B DR RE RO AN BEAR A AR L 25 2. T
IR R I e R BRI 25 MR
WYY, BB RAE T T A, B
N, FE Ry A P YRR R BRIt Dyt —
T R R BRI 24 J5 PF B AE K BRAAR Y B 24
BN AHRAE, ASHIE TR T8 i OB € - R I BT 4
A (UPLC-MS/MS), %f SD KK ig 4t %
WG, Wk R RV PR
LA S 4 T 1 ZA IR BRI, i LA
VIR 2521500, N RN IR 2%

1 7
1.1 {28

Waters ACQUITY™ I-Class i = SR AH i 4%
(ZE[E Waters A7 ); Sciex Triple Quad 5500 = U
PAT BT R (3EH AB SCIEX AF); +/
2 —RKF AX205 (Fit: Mettler Toledo A &]); &
e EOHL (fEE Eppendorf A F]); MX-S ik
iR A s (32 Scilogex A ] ); Mill-Q 1T B 4fi7K A%
(£ Millipore 2~ 7)); EKIRIKFE (F12 Thermo
Heto A #] ).

1.2 Zm5i

PR P By (R B =98%, ik S
20170105) W H RKid G RIEERH A RA ;s ok
g (L& #=98%, #5 Y09J8C28349) H I
R AEHARGIRA R 24-"RIER O (FF
ey 2 s =) ML, RESH=99%, S
C10012347) MW H LG e R AV H ARG R A A
2,5- R4 WEER O FHE BRI~
M2) (&7 %0=98%, k5 DST181031-059) i
H RS R R B R A IR AR s 2-F2 30K 2 -

4-O- R FERETREE A (PF S Moy 1) 8] 267 A e 1R 1 =
Y M3) Al 2-F2 Jk-4-H AR R DR -5 O- 7] % BERE TR
S5EN) (Pt R By i H & BRI TR AL =) M4 (iR 73
$=98%, SLIEAMD; PR MG T R
JE CREEERD; FEE. JIE8 (g4, 95 Fisher
Scientific 4 7]; HER, #EE CNW A #]; EDTA-Na;
(#it5 830C0610) W H Solarbio A F]; 4iiE/KIEH
Ji B IR A
1.3 )

SPF it SD KER, Al 210~230 g,
b g iE R LSRN A R AR SE 4, SIES
SCXK () 2016-006.
2 FESEHR
2.1 HAEREEIAHIE

FREL 500 g 4t PF R 258, H 5t 75% B [
TERHL 3 K, BEHR 2 h, AIFEEGR, HIREGRIEAT
R T, B R BIR A fE, B34
Y, THEIRIEN 28.1%, 4 HPLC JEH T
B SRR P B 0 R BN 2.32%
2.2 FHREREKHE~HE UPLC-MS/MS 734
221 k&M MR Acquity UPLC
BEH-Cis (50 mmX2.1 mm, 1.7 um), fR¥HH
Acquity UPLC BEH Cis (5 mmX2.1 mm, 1.7 um);
TBNAHA 0.1%FERAKER (A -4 (B), #HE
Yeli: 0~0.5min, 95%A; 0.5~1.0 min, 50% A;
1.0~1.8 min, 50% A; 1.8~22min, 5% A; 2.2~
3.8 min, 5% A; 3.8~4.0 min, 95% A; 4.0~5.0 min,
95% A; AFUME 0.3 mL/min; #EFEE 2 pL; FES
FIRE N 12 Cy AR 30 C.
222 JRiE%MF  AB Sciex Triple Quad 5500 =
PUZAtpasl, e, 2 &M (MRM) 3
A BN SE R (ESD; AR
(CUR) 206.85 kPa (30 psi); i< (CAD) 55.16
kPa (8 psi); WiZHLE (IS) —4 500 V; EAE N
PIEE 500 'C; FALS (GS1) 344.75 kPa (50 psi);
BNV, (GS2) 344.75kPa (50 psi). T E&E
SR 75 (Q1—Q3) N m/z 164.9—~122.0
[FFRely, £#EHEE (DP) —90V; HFAHLE (EP)
—-10 V; fffEHE (CE) —30 V; fiffiE=H O HE
(CXP) —-15V1; m/z150.9—~135.2 (M1, DP-90 V;
EP—10V; CE —24 V; CXP —15 V); m/z 181.0—~122.9
(M2, DP-90 V; EP—10 V; CE =36 V; CXP —15 V);
m/z 327.2—~151.1 (M3, DP—90 V; EP 10 V; CE 35



¢ %% Chinese Traditional and Herbal Drugs 25 50 % 25 24 3 2019 % 12 A

* 6019 °

V: CXP-15V); m/z357.1—~165.9 (M4, DP-90 V;
EP-10V; CE—40 V; CXP—-15V); m/z 178.0—~133.9
(WA, WNHERR, DP—90V; EP—-10V; CE-30V;
CXP-15V).

223 OFHESIAES BRI TRIITBC ] 2 RS 2K
B . M1, M2, M3. M4 SR @&, 4051
F 50% LK AR, 37 ECHI R 1.0 mg/mL it &
o o TR S HUPE B 9 A M1 ~M4 i 5% 008 &
FH 50% .15 7K B 1) B VR 4 6] B8 v i, TR A TR
M1 KR EWRE N 1.0 pg/mL, M2~M4 JFRERE N
10.0 pg/mL, FFREZMEyHIREKRE N 20.0 pg/mL.
TR0 BRI VREAT R YRR, TCH| R B &k
£ (PR A o It ARV, FH T ) o o fh B i 2
J GRS R RS &, 50% HEEK
WZE 1 mg/mL L PRSI RR fif 25
10 uL A 50% FEE/KFRREAE 1 mL, 15 30MNHERS &) fif
W KB B (1 ) i 25V IRV (0.1%
HR) Bl s SN 10 ng/mL 1IN BRIATR -
2.2.4  [MSEFESEOUCE  BUMENE SD KR 18 1, &
NEREFE 1R, AR A B UOKEEE, BENL A 3 4
(n=6), TR 12h, 25 ig ATk, P
B (054 1.04 2.0 g/kg) K4S F 0.5% CMC-Na
TRBER, THZARMEZ) )5 0.083. 0.167. 0.25. 0.5+
1. 1.5. 2. 4. 6. 8. 12. 24 h MK ERHRJE # ik A
Kfi 300 pl, B TS\ EDTA-Na, [f7 1.5 mL [
EP &, 8 000 r/min B.C» 10 min J5, HUMHK T
—80 C Tf#ifs, frorth.

225  [MIEFESHIOALEE RS SE W E ML 3K RE 50
ul, FEZEIA 200 pL AR (10 ng/mL MIHERZ)D
12 NEC01%H R, %€ 2 min W25 J5 » 14 000 r/min
B0 10 min, K52 W EIHE W 100 uL, F5ZMA 100
uL 4K AT RS, WAIE 2 min JRE), B2 puL By
WHERE AT

2.2.6  HEMFES AU BUME!E SD KRR 12 A, 1&
NPEREFE 1 E, B E BROKEEE, BN N 2 4
(n=6). JRIGAFLERETAIEE: THATER 12
h, H#E 1.0 g/kg PRI 0.5% CMC-Na
REW g TE, BRARZETREEN. 775K
££0~4, 4~8. 8~12. 12~24. 24~36. 36~48h
1] B PN KRR PR VERE s TE S B R B AR )
WF, J8E 0~12. 12~24. 24~48 h A/ BY N K
BRI AERE o IR S g : KR ig 45 7 1.0 g/kg
(P R SR B G, T 20% 5% i dH 34T R, S

LR DI IERE , B KRB, BHMTIEFR,
I IREE 0~2. 2~4. 4~8. 8~12, 12~24 h i
) B K BRI R i, I s R A

2.2.7  HEMRESAALEE  BURBCRIIHYTAE O
F 2 B K BRI 23 R 10 £5 A0 25 %, H
PR G IR AR N 50 L. KR IEERE A%
TrefE, FEMRE, 3R RISERE NI E.
R R R R IS fhE i, %18 0.1 g/mL ¥ EL A
IIGE SR HEE, WhE 2 min, 7EH S RBUY S
FREL 0.5 h, £ 4 000 r/min &0 10 min J5, B EE
W50 puL. HAREAIER “2.2.57 T FEAE.

228 HiEEEE IEFRIEARET R, &t
KA UERIE SHERE . PREEIACR . FE 5 00
e, ZmBiE ChEZH) 2015 4ERRC
T “EEIRE S E BT TERAERR SR SE R

(1) LREHEHFE: B 6 MAFERIFEMNZ A MK
50 uL, BRH RS HERR A AR TAEW S, HoAhiz
MR “2.2.57 WUREAE, BRI AMEAESR: FEIM
FAPIIN 10 pL R A I AR, FEfhd% “2.2.5”7
TR AR, B30 A IS -+ iR S EG R K
R ig 44 TH ST R IREY) (0.5 g/kg) JE RAERIIMN 3K
FESBEAT AT, SRR “2.2.17 AR
BT, 15313 FHEEE, AT, BRI
YRR S RETEESE, UREAFLTI. AilkE
DU 1AM 2 A2 TR A AR
ig 45 T4 FE B SR EUY) 5 I 2 R € B R 24 K
I 2% 38 I3 HR A P YRR A 00 P R By, ML ~M4 B
HERR (AR AT, B ik B R
LIEE.

(2) PrRUEfh AL C RFEEL: AT
KERIMH 50 pL, KK R F 5 B TR A%
HE AR 10 L, i B3R 40 o Bk B A A I
FRES FF Ry RN 3.04 2.04 1.6+ 1.2, 0.8,
0.4. 02 . 0.1 pg/mL; M2. M3, M4 JREKEN
F1 Ry 8- FE 5500 1/2; ML 5B IR BN B 4%k
FES 1/20), %W “22.57 W FEREALER, 418
“2.2.17 TAAFHERE S BT, DAILZR & 43 B4 1) o =
WEERBEALRR (X0, FRPS NARIETR G E
PAbR (YD, FIAUENE AT B, 3 HACE
BTN X SR F BRI RN Y=7.71X
107°X+2.40X107* (2=0.998); MI KT FEN
Y=1.12X102X+3.52X 107 (+2=0.996); M2 f¥][=]
A FEN Y=5.63X107°X+9.11 X107*(2=0.997);
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Fig.2 Typical MRM chromatograms of blank rat plasma sample(A), blank rat plasma spiked with standard solution(B),

and plasma sample after oral administration (C)

M3 [HEIEFEN Y=745X 10" X+0.023 2 (=
0.999); M4 [T 7 FE A Y=1.58 X 10> X+5.56 X 107
(P=0.999). ZiRE/R, FFHER. M1, M2~M4 55
£ 0.1~3.0 pg/mL. 5~150 ng/mL. 50~1 500 ng/mL
MR RRE, E2 MR8 1000 5. 50 ng/mL.
(3) WEHAFE SHER REH 5L MR IEUR R 2
M3 50 pL, KU IE SRS TAEW, ek
AR E IR R IEFES (LLOQ) . {RJ5 Bk & i 4 FE
i (LQC). R EIR IR M (MQC) . i) =
WEE AR (HQC) 4 MBI FE M AL,
FHR R E R EREMR . LQC. MQC. HQC st
i R IR BV FE 4 A 1004 3004 1 2004 2 400
ng/mL, M2. M3. M4 7E U 5t H 1) i sk FE A
PR W 3% W B S50 1725 ML FE SR SR8 i A A R Bk
B R R SR B 17200 128 “2.2.57 TN 1
B, &M “2.2.17 BT, ESNE 3 d
(n=6), HFEATFRAE RN TE 5 TR S TR,

BT H PR RS AR, LA H R R FE AN
F5 25 % . A 2% NEE R ) LLOQ. LQC. MQC. HQC
PR (n=6), FHEEYM M1~M4 HPH
HERRFETE—12.00%~14.03%, H 535 RSD 18
INT 8.14%; H IR HEREAE-7.73%~9.04%, HIH]
F5 2% % RSD (HH)/N T 10.82%. 45 HREH, AJjik
FRYAS 5 S R RS P A5 G AR D RE i 0 AT 3K

(4) B KSR E N LQC A1 HQC
MRS (n=6) KB RMB I LN .+
S ECK B A5 A ML 50 pL, A0 10 uL LQC #1
HQC X Ny B TR A %o IR AR, #4018 “2.2.5”
TURERME, $5I8 “2.2.17 W3R, Siitds
ANBE SRR BT AR (A . 53 BL 50 uL 47K AR
Bram, HARER L, SRS A
IR (A2). BL A5 As I EUAE AR5 RL8,
ZERAE LQC Al HQC FiiEftdhd (n=6), JIiZm)
Al M1~M4 78K R L H R L 5T AR FE 82.10%~
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117.60%, RSD {/NT 12.73. S5 REH, AL
A 255 b IR G JTOGT 3 AT A S TR R

(5) PEHL AR R EIRE N LQC. MQC
1 HQC WIFREEFEM (n=4) REEREUAICEK.
i W B S (K R 50 wl, A0 10 pL LQC.
MQC 1 HQC XJ Ry B v A o0 B TR, 1%
“22.5” WIUNERME, FZMR “2.2.17 TAEHERENHT,
GRS AR IE T AR (AD. FIEL 50 uL

Ml (COHE-/K 1D REBRRZEAMmMIE, mA

10 uL LQC. MQC F1 HQC X I Jifi 5 ik & F 7 A X6t
BB AR, SRS HAR R R D IR B Y, St
THEAFES AR TR (A Bl AL As
LSRRI, 4558 LQC. MQC. HQC Ji
BEMT (n=4), FHEEA M1~M4 2R
ZH 89.88%~116.56%, RSD /N TF 13.32%, fF&
AEVIRE S BT ER

(6) fasEtt: RAMEWE N LQC. MQC Al
HQC Ml i (n=3) K E SR . —80 C
AT AEAE 30 d B HARRE PE . A0 3 ATRE T E R
B 6 h fRuE e A SR AR BB (12 °C)
E 24 h FRENE . REE RS AR RIS 50 uL,
BN 10 uL LQC. MQC #1 HQC X N Jii £ 94 JEE VR
GO0 R ARV, FEAH PRI i B A IR S
PR “2.2.57 WURHERAE, 4% “2.2.17 TgcPRidbre
SIHT s AR 2T SRR NI A ) S S R

25 R EH 2 H BEAT bR i 2 T SRR A 1 S
HIRE, RSD H/NT 15%, FaE %5t
AR I E ) AR E PR R
23 KR ig HARREBRIEF R BG4
MRANFHR

HEME SD R BRI ig 45 T A AR (0.5, 1.04
2.0 g/kg) HFF R FEEUIH) CMC-Na 1R &R 5, &I
V) A A2 H P B Wy R G 4 T A= P 1~ 2 i 245
FE-Isf B £ DL P 2, FF DAS 2.0 15052455
PSR NE 1. AFEGLHN PK HdEFH
SPSS Statistics 21.0 #4T One-way ANOVA &5
24 KR ig HAREEWIE R & EAH =47
HEM EN D Z AR

HEME SD KRR ig 25T 1.0 g/kg 4P IR
HU) CMC-Na VB B J5 2B TA) B USCEE K BRI PR TR
N FIZEAE, FEHRMRE S hOoRA P BBy, TP
FE T AR =) M1 ~M4 18 R FIE - o ) 2 75
BEOK. fFERRAZEMEP R8N M1, 7
0~48 h KE I FEMHE R EIE (1.71£1.21D) pg.
RBT=4) M1~M4 15K B PR IORTIE 7 R
2 [ i 2 A SR HE VI - ) 2R P 3. 1.0
g/kg HEPH R BRI B 25 2555 B AR A TP e i 45 245
FIEZ) 25 mg/kg, THEEAC P PIFEA R A
NS REHUY P R W e g 2 ) SRR HEE T 4 b
WL, ZRILE 2,

Rt

TR Ml M2
~ 100 MR 05 gke?  ~ ] A0S gkt o~ 0] AR 05 pke !
‘g 8.0 =PRI 1.0 g kg O ! =PRI 1.0 gkg™! 3 | =GP R AR 1.0 gkg !
9 gof HA AR 20 ok B 104 MRS 20 ket G 404 HEPE BRI 2.0 g kg !
Z oYY e i = i
= | E <
Ey i, i 1 i X
2 40 2 o5k 2 204€
K 20 8 &
=] .g H

e — ; . 0 4 . . . 0 4 . ; \
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E 1004 LB 2.0 g kg ! E ol FEPFBEAR B 2.0 gk
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§ 5.0 ¥ 05
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Fig. 2 Mean plasma concentration-time curves of paeonol and metabolites M1—M4 (X £s, n = 6)
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F1 FEBREKREZY MI~M4 BEHESH (X £5,n=6)
Table 1 Pharmacokinetic parameters of paeconol and metabolites M1—M4 (X £s, n = 6)
S FIEN(g ke tin/h fmax/h Crax/(ug- L) AUCo-/(ug'h- L) AUCo-/(ugh-L™")  MRTo-/h
P 0.5 1.16+0.37 0.15+0.08  1390.50+ 590.41 149024+ 229.11 164449+ 17525 1.20%0.18
1.0 1.194045 033+0.19  5565.00+1292.76"™ 10822.12+1419.71" 11220.13+1526.07 1.50%0.23
2.0 1244035 031+0.13  7415.00+2295.00" 13 865.94+6 542.33" 16 131.90£6 456.26  1.28+0.30
Ml 0.5 4.44+1.00 0.08£0.00 42825+ 103.45 555524+  82.01 675.18% 131.69 2.75£0.38
1.0 2.1240.98 0.17£0.00 94350+ 108.00” 252734+ 678.417 2599.07+ 666.83 2.92+0.70
2.0 3501131 02140.07" 105769+ 324.23 379379+ 807.14™** 391081+ 78027 4.34+1.21"
M2 0.5 3.01+0.53 0.25+0.13 188833+ 735.27 4596.03+ 735.98 5121.18% 567.71 2.91%0.49
1.0 2611130 025+0.13  3066.67+ 358.76"  10185.20%1 188.12" 10858.96+ 928.06 3.10+0.82
2.0 3.80£1.09 025+0.00 4 113.33%+ 108.37* 201903015 095.93"4* 21 172.39+£5096.93 5.53+1.64*
M3 0.5 7.6512.39 033+0.29 36475042 997.39 9531.28%2 607.00 10584.51£2868.87 5.17£1.83
1.0 2.60%0.69 0.194£0.04  4735.00%1596.05 11 730.1742 606.39 12240.80+2 414.90 2.96+0.65
2.0 4474085 0.25+0.00 8426.67+2151.22° 39213.95+8625.50"** 40 163.74+8290.78 5.221+0.49
M4 0.5 6.18+0.31 0.080.00 43133+ 158.53 119138+ 408.12 225226+ 48137 5.06%1.27
1.0 3.07+1.00 0.0810.00 453.67+ 6726 1262.60+ 145.10 1605.69+ 158.14 2.5940.50
2.0 478+1.74 0524037 103480+ 273.14™*  521455+11561.57"**  6624.24+232339 4.18+0.63*
SRR ALE: "P<0.05 “P<0.0l: SHiE4LE: “P<0.05 **P<0.01
"P<0.05 "P<0.01 vslow dose group; AP <0.05 44P<0.01 vs middle dose group
- SR } SR
600 7 =Ml 4000 & - Ml
o -M2 2 - M2
;D 4004 M3 UﬂTﬁ’r 30004 - M3
< =
5 M4 < 2000 M4
200 =
= \_ B% 10001 P‘_x_/z——l——l
= =
A z —p=—————8§
0 T — 1 0 T T )
0 10 20 30 0 10 20 30
t/h t/h
- My [il:ban
250 Ml 15001 Ml
T 200 -M2 2 - M2
& M3 IE 1000 M3
f/: 1501 M4 = M4
56 5
= 1001 E 5001
o L‘\..“ ’ ,VL/F,’_—J
I‘: P
() == T -_‘_—‘._ .5 ] 0+ T T 1
0 10 20 30 0 10 20 30

t/h

t/h

B3 B~ M1~M4 KR FKRFIREH hHEE R -A (a2 f RAAHEH B-AfE . (X +5,n=6)

Fig. 3 Mean urinary and bile excretion rate-time profile and accumulative amount-time profile of metabolites
M1—M4 (X £s,n=16)

2 R M1~M4 KR BB #EFR RG]

Bt MREVELL)

Table 2 Cumulative excretion percentage of metabolites
M1—M4 in urine, bile and feces (mole percent)

3 e

AW T XK ER ig AFFIE 0.5+ 1.05 2.0
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