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Simultaneous Determination of Three Organic Acids of Anshen Buxin Liuwei Pills in Rat Plasma Using LC-
MS/MS and Pharmacokinetic Study

WANG Yiyao', HUANG He’, GAO Yunhang', SONG Ling', LI Han', WANG Huiying', PENG Bo', HOU
Hongping' , YE Zuguang', CHEN Junmiao® , ZHANG Guangping'*, CHEN Tengfei'* (1. Institute of Chinese Materia
Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China; 2. Liaoning Normal University, Dalian 116000, China;
3. Beijing Application Center, SCIEX China, Beijing 100010, China)

ABSTRACT: OBJECTIVE  To establish a liquid chromatography tandem mass spectrometry ( LC-MS/MS) method for
determination of cinnamic acid (CA) , vanillic acid (VA) and 3,3’-0-dimethylellagic acid ( DMA) concentrations in rat plasma and
evaluate the pharmacokinetics and the correlations between dose and systemic exposure levels of CA, VA and DMA in rats after single
dose administration of Anshen Buxin Liuwei Pills (ASBX). METHODS Blood was collected from male SD rats at different time
points after different dose administration. The plasma was processed by protein precipitation method. The concentrations of CA, VA
and DMA in plasma were determined by LC-MS/MS method. Pharmacokinetic parameters were calculated with MaS Studio software.
The correlations between dose and systemic exposure level were analyzed by confidence interval method. RESULTS The linear
relationship of the calibration curves of the three compounds were good within the tested ranges, and the specificity, precision and
accuracy, recovery, matrix effect and stability of the method all met the requirements for biological sample assay. After single
wox Of CA, VA and DMA were 0.22 -0.40, 0.08 and 5.40 - 8. 20 h, the ¢,, were
0.79 -2.04, 0.37 -0.65 and 4.26 —=9. 58 h, the p,,. were 279.70 —302.88, 16.42 —43.33, and 2.81 —7.20 ng - mL™",
and the AUC,_, were 351.83 —537.96, 7.20 — 18.82, and 29.27 - 119.64 ng - h - mL™", respectively. The results of
confidence interval analysis showed that the p,,, and AUC of VA and DMA, and AUC of CA were positively correlated with dose,
but the p,,,. of CA was not clearly correlated with dose. CONCLUSION The LC-MS/MS analysis method is proved to be rapid,

intragastric administration of ASBX, the ¢
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sensitive, and accurate, so it can be applied to the pharmacokinetic study of ASBX after intragastric administration in rats. This

sdtudy provides a reference for future research on the pharmacodynamic material basis and safe and effective clinical use

of ASBX.

KEY WORDS: Anshen Buxin Liuwei Pills; pharmacokinetics; LC-MS/MS; cinnamic acid; vanillic acid; 3,3'-O-dimethylellagic

acid
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Fig.1 Chemical structures of cinnamic acid (CA) (A), vanil-
lic acid (VA) (B), 3,3'-O-dimethylellagic acid (DMA) (C)
and chloramphenicol (internal standard, IS) (D)
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Fig. 2 Precursor and product ion mass spectrum of cinnamic acid( A) , vanillic acid (B), 3,3’-O-dimethylellagic acid (C) and IS (D)
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Fig. 3 Representative multiple reaction monitoring( MRM) chromatograms of CA (1), VA (2), DMA (3) and IS (4) in blank rat

plasma( A), blank rat plasma spiked with the analyte and IS(B), and plasma sample at 5 min after oral administration(C)

2.5.2  FRifERNZR e NRR AR AN BLC2.17
TR RZFNRA PR 2R TR WO 2. 27 B FIR A
LLOQ TAE W 4 10 uL, &5 A K B 25 |1 I 3%
90 L, WlER 5], 15 CA s vk &l 3.6.,30.,60,
300,450 .600 ng - mL™", VA il DMA RN 1,
2.10,20.,100,150 200 ng - mL ™" {5 A b ifi fh 28 1
SRS CA VR R 3 ng - mL™', VA fil DMA
JEEWE A ng - mL™ BIR A LLOQ MK FES, 2
G4 U0 L, <2, 47 TR $EFTARE S AL BEIE 4T
DAREI 5 P b A 0 1 AR LU A R AR b, 18 I 4
JE RS AR AR, SR I (1/X7) fe/ s — T ik it A7 2 Mk
B 81, VA Fl DMA (19 b5 dE #2881 159 57 72 R .
Y =0.000 698X +0.008 13(r =0.994 4) ,Y =0.001 12X +
0.004 18(r=0.9953),Y=0.043 2X +0. 048 6

(r=0.998 7), i M Ifi 3 ¢ & A RE IR 1£

T E 2R 2024 45 9 H 5 59 5 17 )

3 ~600 ng - mL™" VA 1 DMA 7£ 1 ~ 200 ng -
mL ™ 256 R RLAE, o] T SRR A R 3 R TR
A A3 . e FIRM 31,1 ng - mL™',
&M tb (S/N) ¥ =10, K % A1 Xt 5 U e 22
(RSD) <20% , i1 & 7F 80% ~ 120% DL N, 45 %
R, B4758 & ' L RRAE 5 I8 25 1 I 2R R
i, 25 F AR e 3 0 RE 0 42 0 P o 7 £ B i)
RE IR J A TG, U BZ T ¥ J0 5k BE 2400
2.5.3 RE®ESMEME 2270 MR P Rk
JER G QC AR M A 10 pb, I A K B2 H LK
90 L, IRHERS], 15 CA i h 6 .60 450 ng - mL™",
VA 1 DMA i 4 220,150 ng - mL™" IR A 5
PERERh, Z G450 WL, 452, 47 TR A TRE S AL BRI
ST B R B B A i 6 DA, 2L e
3 d3 MEB RN RS RSD 7E 2.3% ~14.2%
+ 1623 -

Chin Pharm J, 2024 September, Vol. 59 No. 17
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Tab.1 The lower limit of quantitation, accuracy and precision of the analytes in rat plasma. x +s

Intra-day (n=6)

Inter-day (n =18)

p(Spiked)
Analytes P p(Measured ) RSD RE p(Measured ) RSD RE
e /ng » mL~! /% /% /ng - mL~! /% /%
Cinnamic acid 3.0 3.1+0.2 4.9 103.6 3.2+0.2 7.2 105.6
6.0 6.1+0.4 6.5 102. 1 6.0+0.4 6.9 99.3
60. 0 57.2 £5.6 9.8 95.3 60.5 +£6.32 10.5 100. 8
450.0 410.8 £16.0 3.9 91.3 452.5 £40.5 9.0 100. 6
Vanillic acid 1.0 1.1+0.1 8.6 106. 4 1.1+0.1 6.1 106.7
2.0 2.0+0.1 6.0 101. 4 2.1+0.1 6.7 104.0
20.0 20.1+1.6 7.8 100. 3 20.7+1.6 7.8 103. 4
150. 0 144.1 3.3 2.3 96. 1 158.3 +11.7 7.4 105.5
3,3"-0-dimethylellagic acid 1.0 1.1+0.2 14.2 105. 4 1.1+0.1 11.4 106. 3
2.0 1.9+0.2 11.3 97.0 2.0+0.2 8.3 97.3
20.0 22.0+1.0 4.5 87.9 21.6 £1.2 5.7 86.4
150.0 135.3 £3.6 2.7 90.2 143.9 £15.0 10. 4 95.9
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50 wL, #%2. 47 IR J7 kI AR O e di T8,
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122. 0% ,$2 I EVSCRTE 63. 4% ~94. 1% Z5F- WL 2,

T2 K F R A A A Y R R e 4R B
n=6,x ts

Tab.2 Matrix effect and recovery of the analytes in rat plasma.

n=6,x%s
p(Spiked) Matrix effect Recovery
Compound
/ng + mL~! /% /%
Cinnamic acid 6.0 85.8+8.1 84.0+8.8
450.0 90.8 £2.3 94.1+7.4
Vanillic acid 2.0 82.7+11.4 63.4+5.4
150.0 91.0 4.1 79.9 £5.9
3,3'-0-dimethylellagic acid 2.0 122.0+£15.2 78.9 £9. 1
150.0 115.5+5.0 92.0+4.9
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Tab.3 Stability of the analytes in rat plasma in the process of analysis.

M, n=6,x+s

n=06,xts

Room (25 °C) 1 h

Autosampler (6 °C) 24 h

Freeze/thaw 2 times Long-term 30 d

p(Spiked)
Analytes Jng - L1 p(Measured ) Bias p(Measured ) Bias p(Measured) Bias p(Measured ) Bias
/ng + mL~! /% /ng + mL ! /% /ng + mL ! /% /ng + mL~! /%
Cinnamic acid 6.0 6.2+0.3 3.4 6.5+0.2 8.8 5.9+0.6 -2.5 6.2+0.2 2.9
60. 0 62.8 +2.9 4.6 62.8 +4.3 4.7 56.0 +4.5 -6.8 62.1+1.3 3.5
450.0 495.5+13.0 10. 1 444.0 +£29.1 -1.4 412.2 £18.7 -8.4 449.5 +£10.2 -0.1
Vanillic acid 2.0 2.1+0.2 3.8 2.1£0.1 5.4 2.0+£0.2 1.9 2.1£0.1 3.1
20.0 21.3+0.9 6.3 20.2+1.2 0.8 19.9+1.2 -0.3 20.9 +0.4 4.3
150.0 163.0 £8.5 8.7 144.7 +6.2 -3.6 144.0 £4.0 -4.0 155.0+1.8 3.3
3,3"-0-dimethylellagic acid 2.0 1.8 +0.1 -8.2 2.2+0.1 10. 1 2.1+0.2 7.0 2.0+0.1 1.5
20.0 18.7 0.8 -6.5 21.2+1.3 5.9 21.8+0.9 8.8 20.9 0.5 4.5
150.0 145.5£13.6 -3.0 141.7 £8.7 -5.5 143.9 £9.0 -4.1 141.2 £5.9 -5.9
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(7.20 £1.54) ng - mL™" ,AUC, , 4351124(29.27 +28.51) .
(91.76 +18.45) (119.64 £38.75) ng - h - mL™",
SRR 4, F Y i 24 vk B - fa) il 26 1A

14 70 4 2 )R HLAE R T B IR ()
S350 9 (279.70 = 113.86) (302.88 +113.79)
F4

KHEK % HIE 4 % ASBX 5 CAVA F7 DMA 89 %5 24 % 5 %

UL 4

o n=5,x%s

Tab.4 Pharmacokinetic parameters of CA, VA, and DMA in rat plasma after single dose administration of ASBX. n=5,x +s

Analytes Parameters ASBX(0.54 g - kg~ 1) ASBX(1.08 g - kg~ 1) ASBX(2.16 g - kg~ 1)
Cinnamic acid ty2/h 0.79 +0.48 2.04 £0.75 1.79 £0. 48
tmay/h 0.40 +0. 14 0.22 +0.07 0.30 +0. 11
Prmax/0g *+ mL ! 279.70 +113. 86 302. 88 +113.79 283. 65 = 175. 59
AUCqy/ng + h + mL~! 337.31 £117.47 459.98 +154.3 507. 45 +315.70
AUCg.o,/ng + h » mL~! 351.83 +115.01 479.1 +£157.62 537.96 +324. 86
MRT_,/h 1.26 +0.70 3.00 +1.06 2.67 +0.76
Vanillic acid t12/h 0.53 +0. 69 0.37 0. 11 0. 65 +0. 44
L’ 0.08 +0 0. 08 +0. 00 0.08 0. 00
Prma/0g *+ mL ! 16.42 5. 07 36. 68 +40. 30 43.33 +18.70
AUCq/ng + h » mL~! 6.87 +3.73 10. 53 +7. 49 17.44 8. 63
AUCg.,,/ng + h - mL~! 7.20 +£3.77 10. 83 +7.49 18.82 +8.92
MRT(_,/h 0.76 +0. 86 0.48 +0.15 0.92 +0.58
3,3’-0-dimethylellagic acid ty2/h 4.26 £1.95 9.58 +4.72 6.88 +2.29
Lmay/h 5.40 +1.67 7.00 £1.41 8.20£1.10
Prna/ng + mL ! 2.81%2.75 4.98+1.82 7.20 +1.54
AUCq./ng + h + mL~! 23.15 +25.79 65.32 +38.89 102. 21 +26. 35
AUCg.o/ng + h - mL~! 29.27 +28.51 91.76 +18.45 119. 64 +38.75
MRT,_../h 8.90 2. 90 16.74 +6.92 13.30 +3. 42
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Fig. 4 Mean concentration-time curve of CA (A), VA (B),
DMA (C) in rat plasma after single administration of 0. 54,
1.08,2.16 g - kg™ ASBX. n=5 % +s

FREE XL 0 3 MG RS R 5
K- (po AT AUC) SFIEEAT A AE 0T, 5 2R IR
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TEARSR, (R SC R A E ; DMA 19 p,,,. 5 75 5 1
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AMWFFE T 11T R FH (5 RO € 1% - DU AR AT 6 AT
I} Ii) £ 16¢ 5 1% ( HPLC-Q-TOF-MS/MS ) £ AR i #fr 1
527 ASBX Ji K BRI Y A Ak 27 B A3, I TR A 5
LUTE R 109 AR, Hod 17 sl 6 A4y
R BRI H AT 15y . ZJE it 24 302 T S 5
RIUNGIR ARG 45 25 5, R BRI 2% Hh 8 2 1 i
BT AE CA VA F1 DMA ZHHLER , UL R HoAh 5 A
ANFIZEBI G325 18 3045 BT WA 2 P AN ], A%
W I & T A LC-MS/MS 4387 75

AT HENT T [R]EI  K BRi 2 H CA VA I
DMA A HLER 1) LC-MS/MS J7ik. RH Ik
B T AR 1 2525 ASBX J5 R B3R H 3 Al
YR, RGEFEET 3PS 25 3R E , B A
TR 3 M R G A R K ARG,
5:2 ASBX 2y Ik at (A s R4 T 2%, (A
ASBX VER— B 7 A E %, il 5 AR G 25T
RO AL A (S ARY) 245 B 2 R A T B 52

A A LR 28 ) A B 5 1 A V-V AR B
EFEE E LS AP T R, Z
i IR LR R S e S5 AN TR 3 T TE k)
AR, 25 5 K 3R D9 I 2 A7 28 11 U0 O B
3 Foft B 43 $ B RTS8 2 A e e o

ASBX f H Il PRI KR A= 24 5 6 g, 3B
B PRJGiE 60 kg 14, 0. 1 g - kg™ d iR K A
SRR B RGR E (A: 20 5) M 0.54 g - kg ™' 253
2P A R W] AR P R 4525 ASBX J5,CA
VA 1 DMA 1E(R N p,,.. , LA S IR AUC 1 5 41K
5 ASBX 1 3 Ff 43 1 % R s AR AR RE— 2, i VA
F DMA (1) AUC W] 5 — 35 1 & 1 S 90 10 AH S i 465
ROATREE T = H S MAETE 22 57 (VA /N1
IR ISAL A1, DMA i 2l — N6 5 9) 1
FHE TR BN A A

KEGIE H 4525 ASBX J5 CA 19 ¢,,,, FLSCHR[28-29 ]
A T ¢, WA — 3, T 7 48 24 J5 -5 i
B CAVY 1 1, 1 ¢y, YA BT 25 UL &2 7 o 1 oA
BEGIRE CA ISR 18 7 2 T AN [RI R BE 52
VA TER BRI MR (1,0 A5 min) T AR
AR, 5 SCHR [ 31-32 J4RGE Y (2,,,1E 3. 74 ~8.89 h 2
1], MRT 7£ 3. 15 ~4.45 h Z [a]) A5 22 5], o] g & 1€
ASBX fb 75 HAELE LY Z I A AH EAE R AR T VA
FER AR I s AR 5. H AR JC DMA 2 g)2%
75 T B AR S 3R, AR A 5 1 45 SR s H I (¢, 7E
5.40 ~8.20 h) FILiH (¢, 7E 4. 26 ~9.58 h Z|i],
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RS KRARREHMEL W ASBX 5 3 # R 28 R AR FE KT (p. 0 AUC,.. ) 25 5 22 25 I B 6948 Kk 1

Tab.5 Relationship between doses of ASBX and system exposure levels(p,,.. and AUC_, ) of three analytes in rat plasma after single

dose administration

Analytes PK parameters 2 P value Slope (95% CI) Conclusion!)
Cinnamic acid Pmax 0. 004 0.83 -0.04 ( -0.47 -0.38) No clear correlation with dose
AUCq_,, 0. 087 0.29 0.23 ( -0.21-0.67) Positive correlation with dose. Nonlinear correlation
Vanillic acid Pmax 0.317 0.03 0.67 (0.08 -1.26) Positive correlation with dose. Uncertainty of linear relationship
AUCq_,, 0.290 0.04 0.65 (0.04 -1.27) Positive correlation with dose. Uncertainty of linear relationship
3,3'-0-dimethylellagic acid Pmax 0.425 0.01 1.03 (0.31-1.75) Positive correlation with dose. Uncertainty of linear relationship
AUC(._ 0. 471 0. 00 1.45 (0.53-2.36) Positive correlation with dose. Uncertainty of linear relationship

T = M a1 AUC o0 M FVBORUT AT IR G2, AR a1 AUCo 0 A5 1) 95% T 151X 1] 43 1] 52 42 ¥4 A1) 7 DX 1B (A7 0. 74 ~ 1. 26, AUCq0 Hy
0. 84 ~1.16) JEHH A, W pax Pl AUCqo0 FERTHEFERI LN (0. 54 ~2. 16 g - kg =) FEERHEARSE ; ISR 95% CI 53 5 56 2 5 72T IX [RIE FEI A, J0) Sl LR MEAR DG s

R 95% CI 5T X i) 45 T, R TER R E

Note : Dose, p,., and AUC_,, were logarithmic for regression analysis. If the 95% confidence interval (CI) of the slope of p. and AUC,_,, was completely within the range

of judgment interval (0.74 —1.26 for p,,. and 0. 84 —1. 16 for AUC;_,, ) , Cmax and AUCO - o were linearly correlated within the range of dose (0.54 -2.16 g+ kg~ !).

If the 95% CI fell completely outside the range of the judgment interval, the correlation was nonlinear. If the 95% CI overlapped with the judgment interval, the linear rela-

tionship was uncertain.
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Fig. 5 Correlations of p,,,. and AUC,_, values of CA (A), VA (B), and DMA (C) in rat plasma with doses of ASBX after single

dose administration
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