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Abstract: Objective To establish a quantitative analysis of multi-components with a single-marker (QAMS) method for the
simultaneous determination of oxypaeoniflorin, albiflorin, paeoniflorin, benzoylpaeoniflorin, cinnamic acid, cinnamaldehyde,
saikosaponin a, and saikosaponin d in Guishao Zhenxian Tablets (GZT). Methods The separation was performed on a Thermo ODS

Cig column (250 mm X 4.6 mm, 5 pm), with the mobile phase consisting of acetonitrile-0.1% phosphate acid solution for gradient
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elution. The column temperature was 25 °C, and flow rate was 1.1 mL/min. Using paeoniflorin as internal reference substance, the
relative correlation factors of oxypaeoniflorin, albiflorin, benzoylpaeoniflorin, cinnamic acid, cinnamaldehyde, saikosaponin a, and
saikosaponin d were calculated and established by HPLC. The results were compared with those obtained by the external standard
method to verify the rationality, feasibility, and repeatability of QAMS method. Results Oxypaeoniflorin, albiflorin, paeoniflorin,
benzoylpaeoniflorin, cinnamic acid, cinnamaldehyde, saikosaponin a, and saikosaponin d had good relations within the ranges of
2.63—65.75 pg/mL (r = 0.999 7), 9.67—241.75 pg/mL (r = 0.999 8), 13.59—339.75 pg/mL (r = 0.999 5), 1.79—44.75 pg/mL (r =
0.999 4), 2.45—61.25 pg/mL (r = 0.999 1), 7.98—199.50 pg/mL (» = 0.999 7), 2.79—69.75 pg/mL (r = 0.999 3), and 2.51—62.75
pg/mL (7= 0.999 5), respectively. The recovery rates were 98.64%, 99.33%, 100.02%, 97.42%, 96.95%, 98.75%, 98.21%, and 97.81%,
RSDs were 0.89%, 1.19%, 1.00%, 1.33%, 1.51%, 0.99%, 1.43%, and 0.80%, respectively. The relative correlation factors values of
oxypaeoniflorin, albiflorin, benzoylpaeoniflorin, cinnamic acid, cinnamaldehyde, saikosaponin a, and saikosaponin d to paeoniflorin
were 0.5209,1.0869,0.476 8, 0.626 1,0.802 1,0.713 8, and 0.367 0, respectively. There were no significant difference in assay results
between QAMS and the external standard method. Conclusion The QAMS method is feasible and credible, and could be used to
determine oxypaeoniflorin, albiflorin, paeoniflorin, benzoylpaeoniflorin, cinnamic acid, cinnamaldehyde, saikosaponin a, and
saikosaponin d in Guishao Zhenxian Tablets for the quality control.

Key words: quantitative analysis of multi-components with a single-marker; relative correlation factors; Guishao Zhenxian Tablets;

quality control; oxypaeoniflorin; albiflorin; paeoniflorin; benzoylpaeoniflorin; cinnamic acid; cinnamaldehyde; saikosaponin a;

saikosaponin d
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AT VE O EEAT BRI I PR, AN SRR ST
HPLC %, XfHEATHUR P 3 Z A0k AT fr & S8~
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HERTE. SCIREIRR ], AL @K QAMS AT
O T (S AE AR ) S5 B PP R SO TR AT B0 A o
SEACATEGH . AT IR . ATEGE . IRHBEAT 2
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1 MRI5EE

Sartorius CP225D HLF 7347 K1, 18 [E Sartorius
vl Waters E2695 S0 AH (014X, Waters 2414
R AR KA A%, S€E Waters A 7]; KQ-250DE
iR i veds, BRI A NERA R A .

HEATHEJH B Guishao Zhenxian Tablets (GZT),
Hiks: B R 0.32 g, L5 20160601, 20160803
20170301, W HKEFRIMZERAIR AT X
AT 2T (HES 110736-201741, i &= 4 BN
95.7%) PIEERZ (IS 110786-201604, Jii &%
N 98.8%). HEEE (k5 110710-201720, JFi&Es)r
BN 98.7%). YEHRTF a (b5 110777201711,
JRESECA 91.1%) FILEHHEH d (iS5 110778-
201711, JRESECN 95.8%) W H H E & M2 i
SEREFRE: SRR EATA N ERE (65 39011-90-0,
e HCN 97.0%) KHBEATZAH (b5 38642-
49-8, JRENHCN 98.0%) W H _Eisaii AR
BIRAFR] RS EAATAE (S 39011-91-1,
JR S EUN 98.0%) 1 H F XS T RI6 AV A R A A
LG R EEAL, FARRT Ry Hrat
2 HESHR
2.1 HPLCNEEAERRA P 8 MmN FHIENEL
211 A% SRA Thermo ODS Cig (250 mm X
4.6 mm, 5 pm) EIEH; BN A LHE-0.1% R
KB, FEFEVERL: 0~12min, 15%ZJE; 12~24
min, 15%~36%Zfff; 24~33 min, 36%~51%4
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fi&: 33~39 min, 51%~60%ZfE; 39~45 min,

60%~15%Z.Ji%; 0~24 min 7€ 230 nm!" " K T
MEAATZT . ATAABETE . AT AR AT 245
T, 24~33 min 7E 275 nm!"> N KRR I PO R ER AN
HEZ W, 33~45 min 7€ 210 nm" K R RS 2
H oa MZEHHREE d; BPRE 1.1 mL/min; &
25 °C; #FEEN 10 pL.

2.1.2 RGNS o AR A R A
ATUIHE L ATATABRE . ATEE . REBATAE . K
FEFR . MRS, SESHRT a AISEHH BT d XL

W, AR AR T IR AT O 0526
1.934.2.718.0.358.0.490.1.596.0.558.0.502 mg/mL
(R BRL— 8 R HEE i 4 Vs PR RO 35 TR BT AR i
B 2.5+ 2.5+ 2,54 2.5, 1.05 2.5, 2.5, 2.5mL,
BT FRE—=m, HEEERRE S ROR SR EE 750N
26.3. 96.7. 135.9. 17.9. 9.8. 79.8. 27.9. 25.1 pg/mL
(RITR A Xof Ll VR

2.1.3 MR RBEERA N RMBBRAHEE KK
R “2.1.27 BT 6l B8 ATEA . AT
BeEr . ~AJ25H . RHERATZH . EERR . BT
SEBH R a FISEHT R d XFHE S A4 4% 2.5 mL,
BTF—20mL &fit, #&5, ENEHRRFELE
TREXTHE SRR F, R B R P 0 3R 25 50 B b
WK F &5, HTE B 5. 10, 15, 20,
25 1%, MR ERLER PO 226 B2 6 0T R VAL E
D. C. B. A.

2.1.4 AU HI & BUEEATEUR G E, R
TR 5, BEAM, B2 0.5 g, FEEFRE, B 50 mL
FME, DN FEE 40 mL, HEAHE 30 min, A
ZER, HREWBERZE, 85, i, 298
RIS EEAT R Ak VA

2.1.5  BIPERERVEIE] & SRR EEAT BN T =
PRETT (AL J7 RO A7 T2, 40 il 24 i 1 AT
FIPERE s SRR B A S AR SE SRR A S, T
FEIE “2.1.47 TUT J738 53 S R AT B P A ot Y
T Az 9 A i A VAT 5 5 I A o A
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I-EMATEE 2 AT ABRE 3T 4-RWERAEE SR
B2 o-fhRE 754 e 8-SEEARIT
1-oxypaeoniflorin  2-albiflorin  3-paeoniflorin  4-benzoylpaeoniflorin

S-cinnamic acid 6-cinnamaldehyde 7-saikosaponina §-saikosaponin d

1 BRENR®E Q). ESEFR B). BABRMER
() EERBAMEES (D). SEHARRMEAER (B) FIZREAF (F)
# HPLC

Fig.1 HPLC chromatogram of mixed reference substances
(A), GZT (B), negative sample of Paeoniae Radix Alba (C),
negative sample of Cinnamomi Ramulus (D), negative

sample of Bupleuri Radix (E), and blank solvents (F)
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217 SNMERRFER RhEERI “2.1.37 BUH
il LR R B SR A X IR A~F, K%
BEARIE MAATET . AT A BT AT ORH
BEATZGH . PIAERR . HEECRE. SEIEt a MISEHIE

H d BT, DU EIRFEARAAAE (X0, SR
WA RS (V), FATERYERIA, ST
AJEINERE . AMEHE . RTEATAE . AEER. B
Bl Setf A a FISSH R d EE R, 2k
. MXRRE ) LEER (LOQ, S/IN=10)
W& 1.

F1 EKMXRREERIELER
Table 1 Results of linear relationship test and LOQ

EiEL A % Y Epp LEPEIEE/ (ugmL ™) r LOQ/(ugrmL ™)
AMATH Y=7.807 7X10° X+764.2 2.63~ 65.75 0.999 7 0.159
AN BEE Y=1.633 2X10° X—942.0 9.67~241.75 0.999 8 0.118
S ERER Y=1.502 4 X 10° X+406.0 13.59~339.75 0.999 5 0.294
R AEAT 25 Y=7.1349X10° X+862.6 1.79~ 44.75 0.999 4 0.097
PIFERR Y=9.367 6X10° X—342.8 245~ 61.25 0.999 1 0.131
i R T Y=1.201 9X10° X+266.2 7.98~199.50 0.999 7 0.306
LEHRT a Y=1.071 5X10° X—829.4 2.79~ 69.75 0.999 3 0.172
SEi R d Y=5.489 0X10° X+419.5 251~ 62.75 0.999 5 0.145

2.1.8 FEELLALS  RSEIE “2.1.27 TUFREG
Xof B ST, ESEHERE 6 UG, IS EALAT TR A
ZNBRE . AJAE . RRMATZE . WHERR. HEK
e, SEEHRETT a FISEEARETT d Mg AR, THEIET
TR RSD 18, G5 REMWATHE . AL NBRE . A2
L RHIRATAH . WEERR. HEE. B4R H a
MILEEA R d FIUERAP) RSD 4378 1.08%-
0.66%-0.57%- 1.15%- 1.39%- 0.74%- 0.96%- 1.02%.
219 HEMHRE BTN 20160601 HIHATH
ARG, R “2.1.47 U A AT RIS 6t
WA, HOEBEREN E, DB AT AT
WBRE . ~AJ258E . RHFEATZH . AR FERCE
SEE R a MSEEI R d PUUETAN, USRI
oy, SRENATAYE. AANEEE. ATATE.
REBEATZT . ARG FERE. SEEH2 1T a RIS
AR d P E U AN 2.617. 10984,
11.305. 1.633. 0.842. 9.289. 2.871. 2.297 mg/g,
RSD 4354 1.42%- 1.03%- 0.91%- 1.28%- 1.39%.
1.11%- 0.75%- 1.27%.

2.1.10 FREtEiAEG  HUtS 20160601 FIEEATEH
F A — s, T =TT 06 3 64 9.
12, 15 h R A AT ZGH . ATENBRE . ~j2h
. KA . R, HEREE. SEEH a
FILEHH 2T d AR, 25 BAEATEUR A gt i
WERT 15 h WEGE, BTl s g RSD
SN 1.10%-0.72%- 0.69%- 1.13%- 1.41%- 0.80%-

1.05%- 1.37%.
2000 IFE RSSO AR AT U
A (5 20160601) 20 Fr, BREEBEAKE, B,
I 6 4, FHAELZ) 025 g, FEEFE, B 50 mL
B, RSN 0.649 mg/mL AR 25Xt
FEARVAT 1.0 mL. 1.383 mg/mL A5 24 Py 5 % 8
W 2.0 mL. 1.917 mg/mL 7 25+ %F 8 S 2.0
mL.0.411 mg/mL % HI AT 2415 0 JE A 1.0 mL.
0.213 mg/mL AR A 1.0 mL. 2.324
mg/mL FE B2 BT HE VA 1.0 mLy 0.717 mg/mL %¢
B A a XTI SYATR 1.0 mL. 0.573 mg/mL 48502
T d XTI 1.0 mL, 4% “2.1.47 TR 5k
il 28 IR B A, ARG, 45 PTG
FEMATHE . NANBRE . ATAE. RRBATZ
. RAERR. RIS, SEPHET a MISEHEH d W
SRS INRE IR 53 A 98.64%- 99.33%- 100.02%-
97.42%. 96.95%. 98.75%. 98.21%-. 97.81%, RSD
438 0.89%- 1.19%- 1.00%- 1.33%- 1.51%- 0.99%-
1.43%. 0.80%.

2.2 QAMS FEREN

221 fi BITFE OREEEIEL “2.1.37 TUT I 1 2
PER RFEEIRER HIER A~F, #MEHEFENE,
WREWATE . AJNBETE . ATLHE . KBS
2515, AR AERZEE. SEEH AT a FISEEHRETY d
WETAR, DAIATHE NN, WIEARX (f=A=
WAJIWA, Fort Wi R NARIAT 25 H (1 B IR B
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A ANAATAE TR, W, BT 7~
ZiNEETE . R BEATZE . REERR . M. S5
B a MISEEH R d BRI EL, A, AR H
ATEIN BT RH AT 25 . AEERR . RERIE. 5
BT a FISEHAAT d MG AD 2l AT 251
H5EAATHH . AANBETE . RH AT W
TR REZEE . SEEH R a FISEHHRAT d I A H, 45
R 2.

222 AFEFEROEAHEIE . BIEREXT fi, BRI
N7 52 AN () ot T v RO € B ASORT BB A X S s 1)
S, A SIZEG 73 ) IR HY Waters E2695 1y R (i
X1 Dionex UitiMate 3000 1= 20 AH (2345, Thermo

*=2

ODS Cy5 (250 mm X 4.6 mm, 5 pm). Agilent TC-C g
(250 mmX4.6 mm, 5 um) F1 Waters Symmetry C g
(250 mmX 4.6 mm, 5pum) GRS T, 45E
2 BAN[R] it WL e RCHUAH i ASORITRT 38 A ) S A A
2. AJANBETE . RBEAT A AR R
. SEHEAT a FISESHR T d I fi, TR E M, 25
RN 3.

223 ANFEFEIXS figs BISE0E 28 SEAN R AT il 0
s HIENE, ASSEBGAE IR 209 1B 204 25, 30 Cit
1795, IR R WA R IR EA AT A
BT ARHBEATZ . AR HERCEE. S8
R a MBEHIEAT d 1 fio, TE 5 E TN, 2R IR 4.

ERITHY fio (B

Table 2 fy, of each component

VA B AR frammpsmr famwamnws famwsomene fommmem famenew fognemman,  foommmsang
A 0.5301 1.100 3 0.484 0 0.638 4 0.8215 0.716 9 0.3757
B 0.5133 1.064 3 0.478 3 0.6250 0.791 8 0.713 1 0.366 1
C 0.520 4 1.081 6 0.4753 0.629 3 0.785 6 0.718 1 0.3650
D 0.523 6 1.102 6 0.473 2 0.6158 0.8112 0.710 2 0.364 6
E 0.5183 1.092 6 0.473 4 0.620 7 0.809 1 0.707 5 0.364 6
F 0.5196 1.079 9 0.476 6 0.627 2 0.793 2 0.716 7 0.366 2
P 0.5209 1.086 9 0.476 8 0.626 1 0.802 1 0.7138 0.3670
RSD/% 1.08 1.33 0.84 1.24 1.73 0.59 1.17
=3 TREMLEE. BIBHEX fiy, BRI
Table 3 Effects of different instruments and columns on f,, values
10 #% JENE Y ez foamsnnme oo [ [t [ amtmenet [ oostesenets g
Waters E2695 Thermo ODS Cyg 0.5211 1.086 5 0.477 2 0.6257 0.8028 0.7145 0.367 3
Agilent TC-C g 0.520 7 1.057 6 0.478 5 0.6179 0.8234  0.7091 0.361 8
Waters Symmetry C;g  0.521 9 1.108 1 0.471 6 0.6213 0.7916  0.718 3 0.372 6
Dionex UitiMate 3000 Thermo ODS Cg 0.523 7 1.096 7 0.473 4 0.6315 0.8037 0.708 5 0.369 5
Agilent TC-C g 0.5194 1.083 4 0.4859 0.6273 0.799 1 0.721 6 0.3714
Waters Symmetry C;g  0.532 9 1.090 5 0.4713 0.6302 0.8068 0.7189 0.3725
P 05233 1.0871 04763  0.6256 0.8046 07151  0.3692
RSD/% 0.94 1.56 1.16 0.84 1.32 0.76 1.12
FT 4 FEMBRXT fiy, BT
Table 4 Effects of different column temperature on fi,; values
FEE/ C I e sz I e s S it e I e e S sz Sosmi e S szisemai g
20 0.5197 1.069 5 0.483 4 0.624 3 0.795 6 0.7213 0.364 5
25 0.5203 1.084 6 0.476 1 0.6257 0.801 4 0.7129 0.367 8
30 0.524 4 1.091 1 0.4715 0.6154 0.8194 0.703 7 0.370 6
“FI{E 0.5215 1.0817 0.4770 0.621 8 0.805 5 0.712 6 0.367 6
RSD/% 0.49 1.02 1.26 0.90 1.54 1.24 0.83
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224 ANFEEFRERT fi, B AFSRAEER  ARYIEREE (a0, R RTIIE o 61 i

FRREXS figs BIREIA, AR SEAG ARG 220 A EL 1.0,
1.1. 1.2 mL/min 347 525%, SCI04h B3R A R
MEXAMATA . AAAERT . R EEAT 25
WEERR . AEIZEE. SeHART a MSEHHET d 10 £y,
TR Em, R WK S,

2.2.5  FRIA g Ef  ASEE R FH AR AR BE
B[R] EAT BT R Ay i e R s A6, DAATZG 1 N M b
Y, THEAEAS [F) it W OB i AR 3 A 2%
THT S EAAT AT . AT NERTE . KHERAT 2
. PIEERR. RIS, LSBT a LSBT d 5

=5

HAT AL, TRUGEs FAR AR i i S i A
N TEAE A Bl &% 1 0 18] AR X R B (B A8 40 T
HEER, SERILEG6.
2.3 QAMS SESIMRENE ERAIELER

B3 bk HEATEUN (IS 20160601 .
20160803, 20170301), 737K HAMREF QAMS
MEFMATZ T . AN A28 KBRS
51F. PEERR. FEIIE. LEEARTF a MISEHRETF d
Fag, ERNE T, QAMS SAMRIEFT K%

R SR RE L.

REFFUREXT fiy, BIZNE

Table 5 Effects of different flow rates on f,,, values

AR E/(mL-min ™) fammmmsns  foasrosmamr fomioammsets fantasen s fomisemata  f s g
1.0 0.526 7 1.068 4 0.478 5 0.619 8 0.798 1 0.7211 0.364 3
1.1 0.521 4 1.083 7 0.4772 0.625 6 0.801 4 0.714 5 0.366 1
1.2 0.5183 1.095 2 0.473 7 0.623 1 0.8159 0.708 3 0.369 5
FIME 0.522 1 1.082 4 0.476 5 0.622 8 0.805 1 0.714 6 0.366 6
RSD/% 0.81 1.24 0.52 0.47 1.18 0.90 0.72
%6 HARHREE
Table 6 Relative retention values
& B stz T ossmmtszine ©smmogseepane U owtmizte ©igmate T semints oot T st gas
Waters E2695 Thermo ODS Cig 0.710 8 0.890 7 1.152 6 14633 15698 1.8029 1.8792
Agilent TC-Cyg 0.7112 0.890 9 1.167 1 14797 15785 18133 1.887 4
Waters Symmetry C;g 0.710 5 0.890 1 1.149 5 14619 15673 1.8017 1.8757
Dionex UitiMate 3000 Thermo ODS Cig 0.713 1 0.899 4 1.153 4 14664 15712 1.8034 1.880 6
Agilent TC-Cyg 0.707 8 0.890 2 1.136 7 14475 15487 1.7592 1.870 1
Waters Symmetry C;g 0.710 4 0.885 8 1.1519 14601 15684 1.8048 1.876 8
“FIME 0.710 6 0.8912 1.1519 14632 15673 1.7976 1.878 3
RSD/% 0.24 0.50 0.84 0.71 0.63 1.07 0.31
R®T QAMS SIMTE 8 MBS HIMELER (n=3)
Table 7 Determination results of eight components by QAMS and external standard methods (n = 3)
e Ai%i T /(mgg ) EATZ T (mgg ™) AN TR T /(mgg ) RBEAT A (mgrg )
IMRIE ShbR% QAMS RSD/% AMik QAMS RSD/% 4hiid QAMS  RSD/%
20160601 11.356 2.595  2.588 0.14 11.052 10.894  0.72 1.649  1.665 0.48
20160803 10.796 2350 2336 0.30 10.957 10916  0.19 1.490  1.456 1.15
20170301 11.893 2.804  2.842 0.67 12.139  12.003 0.56 1.708 1.714 0.18
. WEERR/ (mg-g ) RS /(mgg ) YEHH A a/(mgg ) SEHRE d(mgg )
e SMRi% QAMS RAD/% SMriE QAMS RAD/% 4hrik QAMS RAD/% 4Mri% QAMS RAD/%
20160601  0.841  0.859 0.11 9.357  9.381 0.13 2.867  2.825 0.74 2312 2254 1.27
20160803  0.952  0.906 0.25 10.639 10.257 1.83 3.008  3.084 1.25 2,646  2.601 0.86
20170301  0.726  0.792 0.43 8.000  8.086 0.53 2,622 2.706 1.58 2.119  2.165 0.11
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