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HPLC fingerprint and simultaneous determination of nine components in
Taohong Siwu Decoction of classical prescriptions
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Abstract: Objective To establish chemical fingerprint and multi-components determination of 15 batches of Taohong Siwu
Decoction (TSD), and provide reference for the improvement of its quality control. Methods The separation was performed on
Thermo Hypersil Gold Cig column (250 mm X 4.6 mm, 5 pum) for gradient elution with methanol-0.1% phosphoric acid aqueous
solution, flow rate 1.0 mL/min, column temperature 30 °C, and detection wavelength 225 nm. The HPLC fingerprint was established
and evaluated by the similarity evaluation system of TCM (version 2012A), and the difference of chemical information between 15
batches of different samples was evaluated by cluster analysis. Furthermore, the content of the nine active components in the sample

Weis HHA: 2019-09-18
HEEeWB: WIEELITRBE (18ZDYF3528)
1EH T WPUF, Fimit, MWHEZHE 5. Tel: 18408257834 E-mail: chengyanfen122@126.com
HBEEE T B, BIFdR, WFErh 2l RAER AT 7. E-mail: 20660306@qg.com
T, BIBER, ANF T EGER A A BT . E-mail: cdutemzjm@126.com



* 654 « ¢ %% Chinese Traditional and Herbal Drugs %551 % %5 33 202042 A

was determined by HPLC multi-component wavelength switching method, with the partial least squares-discriminant analysis (PLS-
DA) by SIMCA 14.1 software to find significant components of the quality between the batches. Results The HPLC fingerprint of
15 batches of TSD was established. The similarity was greater than 0.96, and 35 common peaks were identified as gallic acid,
chlorogenic acid, amygdalin, albiflorin, hydroxysafflor yellow A, paeoniflorin, ferulic acid, senkyunolide I, benzoylpaeoniflorin and
ligustilide (corresponding to peaks 2, 8, 9, 13, 14, 15, 16, 25, 31, and 32). The linearity relationships of gallic acid,
5-hydroxymethylfurfural, chlorogenic acid, albiflorin, hydroxysafflor yellow A, paeoniflorin, ferulic acid, verbascoside, and
senkyunolide | (r = 0.999 6) were good. The results of content determination respectively were 187.5—344.4, 6.2—154.8, 413.2—
459.2, 507.5—923.5, 873.8—1 202.0, 2 122.3—2 782.9, 59.2—121.3, 6.4—26.9, and 38.9—79.6 ng/g, respectively, including
higher content of paeoniflorin, hydroxysafflor yellow A, and albiflorin. Furthermore, 15 batches of samples from different origins
were classified into three categories. Using PLS-DA analysis, the content determination result showed that paeoniflorin, albiflorin,
hydroxysafflor yellow A, and 5-hydroxymethylfurfural were the four components that affected the quality of different batches of
TSD. Conclusion HPLC fingerprint combined with multi-components determination is suitable for quality control and evaluation
of TSD preparation.

Key words: Taohong Siwu Decoction; classical prescriptions; HPLC; fingerprint; PLS-DA; quality control; quality evaluation; cluster
analysis; gallic acid; 5-hydroxymethylfurfural; chlorogenic acid; amygdalin; albiflorin; hydroxysafflor yellow A; paeoniflorin; ferulic
acid; verbascoside; senkyunolide I; benzoylpaeoniflorin; ligustilide

HE£L %3 (Taohong Siwu Decoction, TSD)
H LRI CAaRhKEDY, WRRIT R, N
ExRPERAERR AN GhREMEBTTHFE CGB
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UltiMate 3000 24 &y 8G0AH €4 154, S€ [ Thermo
Fisher 2~ ] o % 8 & 118 (4ik'5 wkq18032304) .
5-$% HILRERS (L5 wkq19010805). £%J5ER (Hit's
wkq18022809). AjZjMEEH (5 wkql18052205),
PRI T O R AGIE'S wkql18010407) A5 245+ (it
5 wkq16062205). Pi#ifR (dtt5 wkql5121602).
EEICPET (LS wkq16062004) 50T U 1144 4k
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TSD H &R B~ E 3 A L, 77, HEKAE
B 1, &SRS RS SRR EE, &
A BFEA (hEZG ) 2015 4EAR (—#B) FHIEIT
VIR IE , %58 S5 RAK VO SR LAGE
W21 4% Carthamus tinctorius L. [FT-14E, BN
TR B HE Bk Prunus persica (L.) Batsch f
TR RAF T, N E R AR EEY )
Ligusticum chuanxiong Hort. [TFHARZE, I3 44
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Table 1 Origin information of 15 batches of decoction
pieces of TSD
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wik INEN mAE B
B WM WK Wik
NE o WE mEER A
HE o EWEE WO CHARE
B2 EBCPUL RBORAE RO
¥ LY WERE PR

FEARL 2 7 B 247 Angelica sinensis (Oliv.) Diels
PTFRAR, BATCNEERIAIZ Y~ 2 Paeonia
lactiflora Pall. 4R, HE A Z SRS EEY
17 Rehmannia glutinosa Libosch. T EHuAR .

2 FEEER

21 BRAECH

211 RANIEMEE DB TR 5 H IR
. SRIRIR. AJZNERT. BREAEHEAR AL A
25, PIZRER . BASIENELT. RN MR | O,
W, BERE, BT 9NEMA, 4R
ST IR FE AR 1 284.00 1 524.0. 1 528.8.

1435.0. 1680.0. 1355.0. 1247.0. 1328.0. 640.0
mg/L RO RE i 2 Vo 0 i B B 9 bk HE i o
WoE R, A 10 mL &+, $IEEE TR, 5%
FROLHRIE . SRR NN . REARAR
AL AT BTERER . BESAEREL . VENIENER |
A R B EE 43 il 51.36. 30.48. 76.44. 114.80.
504.00. 542.00. 49.88. 26.56. 32.00 mg/L [JiR4
Xl FEL ot T

212 A RER EBERAGT (HRE
WA T HF GE—HD) * TSD 14k 7 28 ik B K57
BN, IO 3 AR A 118.14 g,

FARHE AT IR LS5 R, &—ERiE L 2H1E
TSD i, ¥R ERAEE 200 mL, AT
WA . HT 15 bk TSD 75750145 (AR 4 sk n 22
1 PR. K MBUA TR %) 029, BT 10 mL £
i, N 50% R EEA A, FRE TR, HEA 30 min 5,
AN, 3T 0.45 um BRFLIERS, BXSRIETR,
HIFE

213 PBAMEFESRVET IR “2.1.27 TR AR
W87, o d B BRI, B
HAT SRAAER IPERE S

2.2 TSD #FlkFies Eigaoze ™

221 %% Thermo Hypersil Gold Cyg o it
(250 mmX4.6 mm, 5um); JshH A F EE-0.1%0
R K VAV » H e i 0~5 min, 3% P i ; 5~65 min,
3%~33% I fi¥; 65~75 min, 33%~37%H %, 75~
85 min, 37%~46% Ffi¥; 85~115min, 46%~90%
HfE; FEIE 30 C; ARBUAE 1 mL/min; A&
225 nm; #FEE 10 pL.
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2%, FHZHLR S IERTE 24 h WESGE .
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“2.2.17 Tl 2 A0 15 #EIR TSD 700 Tk i it
PAA G TR, e R EIEE. R “Hh
R SR AH U PRI RS ” (2012A WD, &
E S1 BN IRERE, RIS AE0E, BEE
BBV E 0.1 min, HEATAHLBETHE . 25 SR HAHMLRE
¥%1>0.96, FfiE 35 ML, AR ISR A
10 MG, 4372 2 S QR BT 8 ‘Tl (4
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14 5 (BREDWEMOZR A, 15 T (RJHF).
16 FiE (FEERR). 25 Tl (GFEJIIE NN D, 315
g CEHFEATZEE). 32 516 (FEANED. WK1
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Fig. 1 HPLC chromatogram fingerprint of 15 batches of TSD and its control fingerprint (R)
®2 TSD AR EERIBIVESR
Table 2 HPLC chromatograms similarity evaluation results of 15 batches of TSD

%5 Sl S2 S3 S4 S5 S6 S7 S8 S9 S10 S11  S12  S13  S14  S15 R

S1 1.000 1.000 1.000 0.999 1.000 0.976 0.966 0.976 0.975 0.975 0.992 0.992 0.992 0.990 0.993 0.993
S2 1.000 1.000 1.000 0.999 1.000 0.975 0.966 0.975 0.975 0.974 0.991 0.992 0.992 0.990 0.993 0.993
S3 1.000 1.000 1.000 1.000 1.000 0.978 0.967 0.978 0.978 0.977 0.993 0.994 0.993 0.992 0.994 0.994
S4 0.999 0.999 1.000 1.000 1.000 0.979 0.967 0.979 0.979 0.978 0.994 0.994 0.994 0.992 0.995 0.995
S5 1.000 1.000 1.000 1.000 1.000 0.977 0.967 0.977 0.977 0976 0.993 0.993 0.993 0.991 0.994 0.994
S6 0.976 0.975 0.978 0.979 0.977 1.000 0.984 1.000 1.000 1.000 0.991 0.991 0.991 0.992 0.990 0.994
S7 0.966 0.966 0.967 0.967 0.967 0.984 1.000 0.984 0.983 0.983 0.972 0.974 0.974 0.975 0.974 0.982
S8 0.976 0.975 0.978 0.979 0.977 1.000 0.984 1.000 1.000 1.000 0.992 0.992 0.992 0.992 0.991 0.994
S9 0.975 0.975 0.978 0.979 0.977 1.000 0.983 1.000 1.000 1.000 0.991 0.991 0.991 0.992 0.991 0.994
S10 0975 0974 0977 0978 0.976 1.000 0.983 1.000 1.000 1.000 0.991 0.991 0.991 0.992 0.990 0.994
S11 0992 0991 0.993 0.994 0.993 0.991 0.972 0.992 0.991 0.991 1.000 1.000 1.000 0.999 0.999 0.998
S12 0992 0992 0.994 0.994 0.993 0.991 0.974 0.992 0.991 0.991 1.000 1.000 1.000 0.999 1.000 0.999
S13 0992 0992 0.993 0.994 0.993 0.991 0.974 0.992 0.991 0.991 1.000 1.000 1.000 1.000 1.000 0.999
S14 0990 0.990 0.992 0.992 0.991 0.992 0.975 0.992 0.992 0.992 0.999 0.999 1.000 1.000 1.000 0.998
S15 0993 0.993 0.994 0.995 0.994 0.990 0.974 0.991 0.991 0.990 0.999 1.000 1.000 1.000 1.000 0.999
R 0.993 0.993 0.994 0.995 0.994 0.994 0.982 0.994 0.994 0.994 0.998 0.999 0.999 0.998 0.999 1.000

15 fit TSD 7l 70k 2 2%, Hrb S1~S5. S11~
S15 HN—2, S6~S10 N2, RIAFE=HL
FEGBAFEZIN, O 8= H )3 8 AP AR R 2
Bfrs it —L 0.

2.3 TSD#FlgK i msSEME
231 % Thermo Hypersil GOLD Cig ffil
¥ (250 mmX 4.6 mm, 5um), HEIAHA PEE-0.1%

IR K VAW, BREEBEML: 0~10 min, 5%~ 13% i ;
10~15 min, 13%~22%H[; 15~20 min, 22%
fiz. 20~40 min, 22%~34%H %, 40~55 min,
34%~46%HlE; 55~60 min, 46%~54%FEE;
1530 C; MAFUAE 1 mU/min; #3EFEE 10 pl:
MR35 220 nm (0~9 min, MK E TIR:
14~22 min, FMZEEER ). 285 nm (9~14 min,
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. : *ﬂ) E“C"deifﬁ%‘ " ”e il 5% F SRS ) 232 nm (22~31 min, KA
S3 ' ' ' ' ' ZiNEET . BRI AR AL AJATE). 322 nm
il (31~38 min, KePIFTHLR). 330 nm (3843 min,
22 ] 1M B EEHET ). 278 nm (43~60 min, &IVE)1
s12} EANER Do FIRREARE USRI B o 0 TR R T
il 10 000
smji 232 RAENMERK I8 2317 BF G
ol 00 R 50 AV TSD AR 5t VAR 4 Fh ]
$9 H PEFE SV, 25 R IARE & AR 5 B 70 5 FE AT 18
ool BSOS, BB T WA 3.
s7 233 ML RFEE L “2.1.17 TUNEA R

B2 15 #t TSD iZFI B A4 47 TR 7 FERE 0L 2. 4. 8. 16, 32 1%, #4ME “2.3.17
Fig. 2 Cluster analysis result of 15 batches of TSD TR G 2T I E o DAS RS 0T Bt o R
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ARG XTI B-TSD U7 ftildl  C-BRALIEFIVERE L D-BR)IEZ RIS FIERE S E-SREATHIMERES  F-BOBSEFIERES G- A pIfE
1-RETR 2-5-FFEME 3-4ER 4AZ4NET S5-REANEOER A 624 T-RIER 8- BT 9-FENIE A |
A-mixed reference substances B-TSD sample C-negative sample without Carthami Flos D-negative sample without Chuanxiong Rhizoma and

Angelicae Sinensis Radix E-negative sample without Paeoniae Radix Alba F-negative sample without Rehmanniae Radix G-blank sample
1-gallic acid  2-5-hydroxymethylfurfural ~ 3-chlorogenic acid  4-albiflorin  5-hydroxysafflor yellow A  6-paeoniflorin  7-ferulic acid
8-verbascoside  9-senkyunolide |

B3 TSDiAFH 9 M5 HPLC &
Fig. 3 HPLC chromatograms of nine ingredients of TSD

REARER (XD, IETHIA NALER (YD), ZfilbrvErl  51.36 mg/L; 5-FH JLHERS Y=1.226 2 X+0.278 8,

2, BEWEETRE, SRSBNEE TR Y= r=0999 6, ZIEJEH 0.952 5~30.48 mg/L; %JE
1.297 4 X4+0.382 7, r=0.999 7, £ty 1.605~ R Y=0.391 X—0.265 9, r=0.999 9, {4yl
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2.388 6~76.44 mg/L; AjZjANEEE Y=0.092 5 X—
0.038 6, r=0.999 9, £k 45 [l 3.587 5~114.8 mg/L;
PRI AEE MR AY=0.292 1 X+0.069, r=0.999 9,
LRV 15.75~504 mg/L; 2525+ Y=0.229 9 X—
0.359 5, r=0.999 6, £k 1475 [l 16.937 5~542 mg/L;
R B2 Y=0.894 5 X+0.292 5, r=0.999 7, Z{E:iE
1.558 7~49.88 mg/L; EESIEHELT Y=0.269 8 X+
0.0513, r=0.9997, £ 0.83~26.56 mg/L;
PE)IE NEE | Y=0.561 6 X+0.124 8, r=0.999 6,
2R Y5l 1.00~32.00 mg/L.

234 RESEERLG HL “2.0.17 TR R A I
W, % 92317 OUN G FAESERE 6 IR, 1THE
BE TR 5-F AR . SRR AT NEET .
FREEAACER MR AL AT PIERER . BEARRET .
NI B | IETEAR K RSD 430518 0.4%. 1.3%.
0.6%-. 0.7%. 0.8%. 0.3%. 0.5%. 0.2%. 0.1%,
ELEENE oy R A RO

235 HEEMRAE [F—#RFEM (SD), $%42.1.2”7
TR 7 PAT il g AR R VA 6 4, 1% “2.3.17 T
NEIEFANE, SREETIR. 552 F IR |
SRR NAWERT . BRI OER AL AHT.
FIBEIR . BEAENEE . PRI B |1 RSD ARIRN
0.3%. 1.1%. 0.4%. 0.2%. 0.9%. 0.3%. 0.3%.
0.2%-. 0.1%, RUZHEEEMERLT.

236 foEthidie  BUE— RSl (SD, &
WTFHI4)E 0. 20 4. 8. 12, 24h, F% “2.3.17 T
NEERMNE, SREETIR. 5-F2 RN |
SRR AMANERTT . BRI AR AL AT
PERER . BESTEREE . V)15 ARE | AR RSD
2N 05%. 1.6%-. 0.8%. 0.9%. 1.3%. 0.4%.
0.7%- 0.2%. 0.1%, R EIRIE 24 h NEROE
2.3.7  MFEREIERLS  HR — REORE SR TR
(S1) 61, alks#FRIZ10.2 g, & 10 mL =i
H1, 3ol TSD %7 ks o 2 AN & 21 100%
IMANBE TR, 5-FH . S5R. AT2N S
. BELIEEEER AL AT, FIEER. B
PEEF . FE)IE NG | 9 PRt iR, 3% “2.1.27 TUR
TS 4 R, H% “2.3.17 TiF gk
I, THEEFRARR A B . 45 9 Py
()P4 AR (ISR 43 ) A 99.0% . 99.2%. 98.5%.
98.4%. 99.5%. 99.1%. 98.8%. 98.6%. 99.2%,

RSD 43514 0.9%. 0.6%- 1.4%. 1.2%. 1.0%. 0.7%-.
0.7%. 1.0%. 0.7%, &5HRFRHZITIEMER ],

2.3.8 TSD @ilhZMuins & ElE  H 15 #t
TSD %7, 4% “2.1.2” TR 77 ik & SR i i,
& “2.3.17 WU EE&AFNE, REIMR— skt
T, W 3. S5HRAEI 15t TSD Tk
TR, 5-F IR, SRR, AHNERT . B

&3 15 #t TSD A5 9 M S HIRE S H
Table 3 Content of nine components in 15 batches of TSD

FRES S (ugg ™)

.
B T sRTERE Gm SANEET FRARREEA SGT AR TEEWE FISNE
S1 187.5 8.2 415.8 668.2 1202.0 22595 1213 11.8 78.5
S2 199.3 7.4 413.2 665.0 1179.0 22441 118.9 15.8 79.2
S3 202.1 6.8 440.4 635.2 1127.0 2306.1 116.4 18.3 79.3
S4 203.2 6.2 447.8 626.8 11194 22043 114.0 16.5 79.6
S5 203.0 6.7 424.3 642.2 11717 23085 116.9 14.4 79.2
S6 326.4 154.0 455.6 923.5 884.7 2 756.4 79.8 24.6 53.4
S7 333.1 152.5 459.2 898.5 875.9 27489 80.0 26.9 53.0
S8 337.3 154.2 458.5 918.2 876.6 27829 77.3 22.0 52.6
S9 336.6 154.8 451.5 913.4 873.8 2 695.6 74.8 17.9 52.3
S10 344.4 154.6 458.5 919.7 881.9 2699.3 727 14.5 51.7
S11 238.1 120.3 419.1 547.4 992.5 23271 60.5 9.6 38.9
S12 2415 116.3 418.2 526.7 976.9 2231.8 62.6 10.6 41.5
S13 244.3 114.0 419.8 550.7 980.2 22824 62.7 10.4 42.7
S14 246.8 109.8 419.5 510.8 953.1 21885 61.4 6.4 42.8
S15 248.5 107.0 416.2 507.5 942.4 2122.3 59.2 8.3 429
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FafeEmE AL AJAT. FIER. BASTEREE .
PENNE B | sy s il 187.5~344.4, 6.2~
154.8. 413.2~459.2, 507.5~923.5. 873.8~1 202.0.
2 122.3~2 782.9. 59.2~121.3. 6.4~26.9. 389~
79.6 uglg, LANJZGTE. BRELIEEEER AL ATHN
B S O B B
2.4 PLS-DA LEHEX 24

NV AS [F] = HORE i 2 T R o & 2 5, R
I Wa 1 PLS-DA BERIHEAT 43 BT ®), LURE Fy S1~
S15 A Y A&, 9 MEAHKEERN X A&, FH
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