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Abstract To establish a quantitative LC-MS/MS method for the simultaneous detection of components of Erlong
Zuoci Pill in rat plasma: verbascoside, oxypaeoniflorin, echinacoside and benzoylpaeoniflorin, and to evaluate the
pharmacokinetic characteristics of Erlong Zuoci Pill in rats, plasma samples were purified by protein precipita-
tion using methanol as a protein precipitant. Methanol was used as the organic phase and aqueous solution
containing 0. 1% formic acid was used as the water phase. The quantitative analysis method of verbascoside, oxy-
paeoniflorin, echinacoside and benzoylpaeoniflorin was established in negative ion mode, and the validation of

bioanalytical method was carried out. Healthy SD rats were selected, and 20 mL/kg (equivalent to the original
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drug 10 g/kg dose) of Erlong Zuoci Pill extract was administered by intragastric administration. The plasma
concentration of the target compounds at different time intervals after administration was determined using the
established method, and the pharmacokinetic parameters was calculated by the Phoenix WinNonlin8. 3 software
using the non-compartmental model. The method validation results showed that verbascoside (r = 0. 993 7) and
oxypaeoniflorin (r = 0. 994 6) had good linear relationship in the concentration range of 0. 5-50 ng/mL., echinaco-
side (r = 0. 993 6) and benzoylpaeoniflorin (r = 0. 992 6) had good linear relationship in the concentration range
of 1-100 ng/mL. The relative standard deviations of the inter- and intra- batch precision of the four compounds
were all less than 15%, and the inter- batch and intra- accuracies were between 85% and 115%. Extraction
recovery, matrix effect and stability met the relevant requirements. After a single gavage of Erlong Zuoci Pill
extract in rats, all the four compounds were rapidly absorbed and eliminated. Oxypaeoniflorin, echinacoside, and
benzoylpaeoniflorin showed two peaks in their drug concentration-time curves. Compared with the other three
compounds, oxypaeoniflorin has the highest concentration in rat plasma with ¢, of (24. 40 + 4. 78) ng/mL and
Cp Of (22.50 £ 2.70) ng/mL. The results show that the validation results of this method are in line with the
guiding principles of biological sample analysis methods, and it can be used to evaluate the pharmacokinetic
characteristics of Erlong Zuoci Pill extract in rats.

Key words  Erlong Zuoct Pill; verbascoside; oxypaeoniflorin; echinacoside; benzoylpaeoniflorin; pharmacoki-

netics; LC-MS/MS
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G S S PR AR RE AT R AAT 2 R
AT 2591 AN AT MARME S T 15 mL 250
rh, FH B A5 31 BT R B2 N 10 mg/mL Y 44y
FEV B 4 Oy BE 53 ) SRR B 20 1 mg/mL. 4%
SR N 1 mg/mL A4 BRI R R AT 24
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£ R 50 pe/mL B Gt A TR, BOHTR & it A5 TR
100 L, A FEE 900 WL, Y41 i 5 51 2% T it~y 24
RIS 3G 1 TRV E N 10 pe/mL B ES ALY

Table 1 Related parameters in MS analysis

FALAT R E A S we/mL B TAE BRI, A7
F-20 C&HH.
2.2 EakEH

{4,1i% 4 : Zorbax Eclipse Plus C(2.1 mm x 100
mm, 1. 8 pm) ; HE i : 40 C; KAH(A) BAiAK (&
0. 1% W& ) ;A WL (B) : FEE; i : 0. 4 mL/min;
S3ATEFE] 7 mins BREEPENL: 0 ~ 0. 5 min 5%B,0. 5 ~
1 min 5% ~ 85%B;1 ~ 4.5 min 85%B;4.5 ~ 5 min
85% ~ 5%B;5 ~ 7 min 5%B.
2.3 B sm

TEFH B 5 TR UR S AN W5 L R
(IS) -4 500 V, ffi B < 1 (GS1) 55 Arb, Hi B < 2
(GS2)55 Arb, Bl B B (TEM) 550 C, <45
S.(CUR)40 Arb, filif#< (CAD)6 Pa.

TES B  MRM BT A, 358 QO A H,
JE(EP) R-10 V,Q2 i FHLE(CXP) H-15 V, H T
JE I B R RO G TS B R 1.

Compd. tp/min Precursor ion/(m/z) Daughter ion/(m/z) DP/V CE/V
Verbascoside 1.93 623.2 161.2 -240 44
Oxypaeoniflorin 1.87 495.1 137.1 =211 -42
Echinacoside 1.86 785.4 161.3 -263 =57
Benzoylpaeoniflorin 2.08 583.2 121.2 -150 =21
Warfarin(1S) 227 307.0 160.9 -200 =25

DP: Declustering potential; CE: Collision energy

2.4 AR AT Gk

HUR B2 50 L, A AR IE AR I AR (1 ng/
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TR B B S SRR HT (n = 5) o AR Y H BAT
P o I 0T 5504 S P i Bk B2, ISR 552 RSD I
RE.
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=== Verbascoside
- Oxypaconiflorin

Echinacoside
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e Warfarin

Al

0 1.0 2.0 3.0 4.0 5.0 6.0
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Figure 1 Characteristic chromatograms of verbascoside, oxypaeoniflorin, echinacoside, benzoylpaeoniflorin and warfarin (IS)

A: Blank plasma; B:Stock solution of standard references and IS (c,,

20 ng/mL,cy, .., = 1 ng/mL); C: Standard references and IS treated with blank plasma (

=10 ng/mL, ¢, onitiorin = 10 0g/ML, € iioiae = 20 ng/mby ey oingin =

erbascoside

=10 ng/mL,coooninorin = 10 ng/mb, cp o0 =20

CVerbascoside

ng/mL, ¢y oiconitionn = 20 ng/ML, ey g =1 ng/mL); D: Plasma sample taken 5 mins after intragastric administration

3.2 ZRETMR

R 48 BE A7 A it oF 5 Mk B, R 5 RSD Fil RE
CAH X 22 ) , BEEAEME T AL AT 2507 AR 48
T R EEAT 25 FE 2 & T BR AL A9 RSD AR IR h
3.8%.5.5%.4.3%. 7.0%; RE #k /X N 5.8%.
5.7%.~1.5%.6.9%. 154 4 YIREA 53 HT (A0 O

FrifE .
3.3 AFEWL

BEARE AT H R R
AT BURRIE 2R INZR 2 Fir o, 45 SRR W45 T 7
RPEVE B N R (r > 0.99) , AT 2 T A 4L
T S B P 8 4 o I K

Table 2 Standard curves and linear ranges of verbascoside, oxypaeoniflorin, echinacoside and benzoylpaeoniflorin in rat plasma

Compd. Equation Linear range (ng/mL) r
Verbascoside y=0.013 7x + 0.001 14 0.5-50 0.993 7
Oxypaeoniflorin y = 0.006 9x + 0.001 85 0.5-50 0.994 6
Echinacoside ¥ =0.009 12x + 0.000 625 1-100 0.993 6
Benzoylpaeoniflorin y = 0.006 92x + 0.000 49 1-100 0.9926
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3.4 HEEAERE

FEE i T BRATE h ARHR B AR R, B
6 AR T I YRS % B RSD 7E 2. 0% ~ 5.7% 2.
], b [BDAS 35 N 6. 3% ~ 7. 2% B ALAT 2541 it
RS 5 8 K 3. 3% ~ 7. 0%, L [AKs % 5 K 6. 2% ~
9. 0% ; FA A5 H B KGR 3. 9% ~ 6. 6% , 41t

[ AE % BEN 6. 1% ~ 8. 0% ; < FF AT 265 A4t P9 A
BRER 2. 2% ~ 5. 7% , LIRS % B 5. 0% ~ 8. 5%
] o 4 Ty o At A AL TR A A A B s (L)
+ 15% Z W, R W% 76 BAT B4 8 2 MR
PE L AF B A WA AR I 5 AHOC BRI

Table 3 Accuracies and precisions of verbascoside, oxypaeoniflorin, echinacoside and benzoylpaeoniflorin in rat plasma

Precision RSD/%

Accuracy(x + s,n = 5)/%

Compd. ¢/(ng/mL)

Intra-batch Inter-batch Intra-batch Inter-batch
Verbascoside 0.5 5.7 72 103.8 £ 6.0 102.1+7.4
0.8 4.2 6.6 1053 +4.4 99.6 6.5
8.0 2.0 6.9 110324 1022+ 7.1
40.0 3.8 6.3 103.6 £3.9 979 +6.2
Oxypaeoniflorin 0.5 7.0 9.0 110.5+79 101.3£9.2
0.8 5.4 7.0 104.1 £5.6 97.1+6.9
8.0 6.7 7.0 107.8 +7.3 100.9 +7.2
40.0 33 6.2 99.0 3.3 95.8+5.9
Echinacoside 1.0 4.8 8.0 1043 +5.0 99.5+7.8
1.6 6.6 6.1 98.9 + 6.6 95.0+5.7
16.0 4.7 7.8 108.7 5.1 100.3 £7.7
80.0 3.9 7.6 105.6 +4.1 98.0 + 8.5
Benzoylpaeoniflorin 1.0 5.2 8.5 105.0 +5.6 100.4 + 8.6
1.6 4.7 5.0 959 +45 97.0 +4.8
16.0 5.7 8.0 105.1 +5.9 101.9 +8.2
80.0 22 5.2 95.0+2.1 93.9+49

3.5 AEE LR ek FE 3.6 AR

fEm RPN RIE T, BT E AT
TF WA SR AG TR B R AT 2511 1) SF- 35 S Bl )i o
WARIH—fL I B L T R 751 T3 4. S5 R ERIIX
4 Ry 5 A4 TSN 9 RSD 4/ T 15% , JE J %0
FPEH RISCR ISP G 2K

Table 4 Matrix effects and extraction recoveries of verbascoside, oxy-

paeoniflorin, echinacoside and benzoylpaeoniflorin in rat plasma

o/ Recovery/ Matrix effect

Compd.
(ng/mL) % (¥ +s,n=6) RSD/%
Verbascoside 0.8 81.1 1.3+0.11 8.5
40 81.5 1.3 +0.05 4.2
Oxypaeoniflorin 0.8 90.7 1.8+0.20 112
40 99.3 1.7+0.10 6.0
Echinacoside 1.6 74.7 1.6+0.18 10.9
80 777 1.6 +0.08 5.1
Benzoylpaeoniflorin 1.6 78.5 1.1£0.12 11.2
80 79.7 1.1 +0.06 5.4

FEZEH LRI AT, BRI A IRAT 2
TR LA T RN R AT 25 1 K | R v B
[ RE ¥/NF 15% , Ui B 7E 2 RS 8 h iR 437
24 h LUK -80 “CHAAE 30 d Fl 3 R R AF
fill (-80 °C ~ 37 ‘COMI KT , 4 i BT ER RE 45 PR 7
SRS BB AR R L, AT LA AR W REAS I AE Y
KBHREE RN S PR,
3.7 BR&BBWHHRIHHF

V25 25 B SR BOR E AR I i T vk B, Jrp
VR 46. 3 we/mL, A S A5 1 T VR O 23,3
pg/mlL, 2 F AT 24595 T sV B K 23, 8 wg/mL. $%
18 20 mlL/kg ) 45 24 7] B 400 0505 6 S8 AL MR 19 SE B
SRR IE N 640 nglkg, AACATEG T FAFAG T FIR
HH IR AT 28 1 1Y 55 B 45 28 Wk 2 43 331 R 926 . 466 Fil
476 pg/kgo
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Table 5 Stabilities of verbascoside, oxypaeoniflorin, echinacoside and benzoylpaeoniflorin in rat plasma (¥ + s,n = 5)

Room temperature 8 h

Automatic (24 h)

Freeze (-70 °C for 30 d)

Freeze-thaw (three times)

Compd. ¢/(ng/mL)

RSD/% RE/% RSD/% RE/% RSD/% RE/% RSD/% RE/%

Verbascoside 0.8 5.2 -3.0 4.1 -3.1 5.1 0.3 2.0 1.0
40 32 -6.0 2.8 -0.8 3.4 1.7 3.2 1.3

Oxypaeoniflorin 0.8 5.8 53 6.3 2.6 4.9 7.6 3.1 10.1
40 3.4 -24 3.0 -14 2.4 -2.6 1.4 -0.9

Echinacoside 1.6 4.6 -1.0 4.3 -23 7.3 44 5.5 0.4
80 2.8 -6.1 49 -0.4 4.3 4.5 4.5 1.9

Benzoylpaeonifl-orin 1.6 2.3 0.6 9.2 1.9 8.0 0.5 5.2 5.0
80 2.6 -2.0 23 5.8 1.8 0.2 2.5 0.6

BT RAR B) 4 Fh ) AR R BRUA N Y 24
R 12280 R ME 6 iR, A THELR
USROS, AR AT 25 5 78 R BRI IR 3
Coms N (24.40 + 4.78) ng/mL, c,,, b (22.50 +
2.70) ng/mL; & ACHE T FIRA R 45 1 78 KRR

THERBCE I 1.8 h e Ay, R I AT 25 1 Y
FREWITE3 h /iy o I Haz il 7 4 Fhy S A i 2y
WL - ) 2, s 2 Fros , BAS AT RS 2
J& 6 min Ze A7 I IR0 1T SRR AT 25 H A RAG T R
A BEAT 25 7R 45 25 )i th BB B 42

Table 6 Pharmacokinetic parameters of verbascoside, oxypaeoniflorin, echinacoside and benzoylpaeoniflorin in rats after single-dose i. g administra-

tion (¥ + s,n = 4)

Parameter Verbascoside Oxypaeoniflorin Echinacoside Benzoylpaeoniflorin
AUC,/(ng/mL-h) 14.06 +2.24 88.32 £ 19.30 18.53 +2.53 11.88 +3.11
AUC,_,/(ng/mL+h) 15.55 +3.46 111.66 + 14.19 21.48 +2.81 1532+ 1.89
€ai/(ng/mL) 6.14 +1.92 2440 +4.78 471 +1.88 4.15+1.84
€/ (ng/mL) / 22.50 +2.70 3.92 £ 1.00 3.51+£291
toa/h 0.104 + 0.036 0.083 0.083 0.083
Looolh / 0.667 0.667 0.667
t,,/h 1.88 +0.52 2.63 +0.69 1.82 +0.15 3.04 £ 1.37
CL,/F(L/hikg) 4291 +791 8.42 +0.99 22.07 +2.87 31.54 +3.79
V. /F(L/kg) 111.36 + 17.87 31.55 + 8.06 74.26 +26.31 142.63 + 78.63

4 it & WHEE R 25 )5 BE AL AT R4
L . A AT 24 44 RE 8 1 1A A L oy A1 O BEA T
4.1 FFAEENGRR &

T2y A IR R R A TE S 45 2510,
TV T 8 TR M A7 53 19 2 285 TR RN FRAIE S5
25 T E AT SR, H A A 2O R
P T AR e i B (EU il 2 B R ) R
FEE 5 B IBUS O Y 4 RORT o Y B
et o TEARSLEG T, SR HIK AR 5 P S B, 5
T TE Tz, HOBE O IE S S BORN R 21 4 1Y &
R A W AR A ol R BB 14 B o3 2 R T

JE 25 32
4.2 HRFYHFAT A

PR SRR A5 R R W], R R B 28 70 22 AL B

PRIFEH R, 5 SRR E AR A5 5 H A 3 R o
HH L, B AAT G AR R B P AR BEH s o LAk,
AT R RR T AT 25 R 4n 2 )
BB T XU, 3 M RAE L5 25 )5 5 min g B T
1RO, B F 7E 40 min 2247 HERAS 2 YR W AC U
i JEF 498 B 5 OS5 2 A I [ o 2L JE 47 B
5| A U 1y AT BEAE AN K o i TR AE 2 28 I DA et
W, BT VIAFAE R o0 25 W0 v i e P Wh A B AR T
XV i TE 2R 25 1) B Dy e ek T R i,
Ae VORI SOAR o DR sk A I 55 HC A AR P R R A
AR O, o TN R A BB o A S 5T
RWIUIERE B 45 T AT 25 FIAR SR A H i
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Figure 2 Plasma concentration-time curves of verbascoside (A), oxypaeoniflorin (B), echinacoside (C) and benzoylpaeoniflorin (D) (x + s,n =4 )
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