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WE. B IPMLRELALE, FE O MEmET D, SRR, BEREIEEHT . MEHF. ASE#H Rel,
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Quality evaluation of Shenshi Tongluo Pills based on HPLC fingerprints, content
determination, chemometrics and entropy weight TOPSIS method
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ABSTRACT: AIM To evaluate the quality of Shenshi Tongluo Pills. METHODS The content determination
of rehmanidine D, chlorogenic acid, calycosin-7-glucoside, naringin, ginsenoside Rgl and ligusticolide was made,
the analysis was performed on a 35 °C thermostatic Shimadzu VP-ODS C,; column (4.6 mmx250 mm, 5 pm),
with the mobile phase comprising of methanol-0. 1% phosphoric acid flowing at 1. 0 mL/min in a gradient elution
manner, and the detection wavelengths were set at 203, 260, 283, 330 nm. Subsequently, cluster analysis,
principal component analysis and orthogonal partial least squares discriminant analysis were conducted, along with
the establishment of entropy weight technique for order preference by similarity to ideal solution ( EW-TOPSIS)
method. RESULTS  Six constituents showed good linear relationships within their own ranges (r=0.999 1),
whose average recoveries were 97. 29% —102. 08% with the RSDs of 1. 18% —1. 73% . There were 26 common peaks
in the fingerprints for 10 batches of samples with the similarities of more than 0.98, 6 of which were identified.
Various batches of samples were clustered into 2 types, 7 principal components demonstrated the accumulative

variance contribution rate of 94. 66% , peaks 12, 23, 13, 22, 20, 3, 14, 21 (ginsenoside Rgl), 19 ( naringin)

i HHE. 2025-05-21
ELTA. FrisdiE/R AR X ELAUILTE (2022B03011-2) ; g /R G X E A LTI E (2021B03006-3)
EERIAY: WG (1990—), Z, Wit, BUERRFSEOL, OFFE07 2GRl Spi A, E-mail: 948360159@ qq.com
«@EMEE: T T (1982—), Z, Wi, BT, WF5E0rm b 25350 S8R AL, E-mail: 290902680@ qq.com
Z ¥ (1980—), &, M, EEHW, S22 R ER IR . E-mail: 2326193940@ 163.com
3889



2025 4F 12 H
AT E12 M

R %

Chinese Traditional Patent Medicine

December 2025
Vol. 47 No. 12

were taken as different components, the closeness degree (C;) of Y-5 was the highest, while that of Y-8 was the

lowest. CONCLUSION This simple, feasible, accurate and reliable method can be used for the quality control

of Shenshi Tongluo Pills.
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HPLC fingerprints;

content determination ;

chemometrics; entropy weight technique for order preference by similarity to ideal solution (EW-TOPSIS) method
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2 N T A ) 5 58 A AR STIR YT, TEARRET
B TREERAR, FURRL

FeBCEE N ot &, R 2 B A 590 e
BRI AT, REMEAT 22 AR AR RAE T AT
T ML R RCE T B R R HE R ik
(TOPSIS) Z&—FhZ HIrg KA L, Al £
MEER, E& . ST, )N T
A AR B ST vk TGO 45 4L HPLC 48 8]
B, MEHEE T D, SRR . B SR T A b
A . AZS R Rgl, BEARNBRN S &, 45
B B R AL TOPSIS 25 2F-A7r 12 il 1) I &,
DI B p A il fe =7

1 ##
1.1 A% ZHEHE 1260 B m RO @34, Bl &

DAD fli s (EEZHRFHLAF); AB135-S &l
HPRF (R r 2rs (hE) ARA
Al ]; BS110-S ® i 7 KV [ 38 2 A i Bl 24 3%
(dbs0) ARA AT, KQ-500B AU #8743 v 4%
(Rl s A R R 3 WP-VP-WF-20 A
aiKHL (PO IR R K AL B 2 A RN ] ) 5 TGL-
16C BUELOHL ( BiBLER2EERT ) .

1.2 &XA5Hy HWEF D (HtS 112063-
202103, 4ii fF 94.2% ). k)i (#Ht 5 110753-
202119, ZHFF 96.3% ) . B 5 HE M (it
5 111920201907, 4LJF 96.8% ) . i+ (5
110722-202116, #iiJF 93.5% ) . AZH Rgl (it
5 110703-202235, 4 98.5% ) Xf MR 5 0
i 25 iR e BF ST Be s BEAS VTR AT R (iS5
CFN99932, 4liJ¥ =98% ) Iy A ki FAxFlH A R
oAl WKL 10 it (AW, fHT Y-1~Y-
10) . HEEh g gl oA ali; i &5 A 5 1
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RorHrat; K AEaik (A .

2 HERE4ER

2.1 & ik %& 4  Shimadzu VP-ODS C,, {3 3%
(4.6 mmx250 mm, 5 pm), WizhAH 0.1% iR
(A) -WEE (B), BEREEVEM (0~20 min, 1% B;
20~25 min, 1% ~10% B; 25~65 min, 10% ~20%
B; 65~ 120 min, 20% ~ 40% B; 120 ~ 130 min,
40% ~55% B; 130~ 150 min, 55% ~75% B; 150 ~
155 min, 75% ~1%B; 155~160 min, 1%B); A&
Wi 1.0 mL/min; HiE 35 °C; &l gk K 203,
260, 283, 330 nm; FEEEREE 20 pl,

2.2 BiRH &

2.2.1 XEGIAR BRI E T D, &5
TR FHEIART . M, AS 2 Rel | 3
A R B S R, BT 25 mL B, T AR
IR 2 20 B, T Rk B 43 A 0,430 0,
0.214 0, 0.260 0, 0.981 8, 0.630 1. 0.784 0
mg/mL I &, 3 BIKE B 2 mL, B F 25
mL 2, WECEAEEZIE, I (580
W RE SRR 34,40, 17.12, 20.80, 78.54. 50.41,
62.72 wg/mlL)

2.2.2 MEARETR KERBCR SRR (Y-1)
1.0 g, BETHZEHHIEIH T, FEHEMA 50 mL 70%
Fps, %598, FRoE e, S 4REL 60 min, 220,
70% FHEERN B 9K B R, BRS), Uk, HeZRuE
W, ENfE,

2.2.3 BURIMAR PRI L, WK, A
M, BEEEA, R, E b, L B
. BEE MRS R, i o“2.2.27 TR g5 kil
#%, EiE,

2.2.4 BAPERESVEW  HALTTRTZ, A3 nl AR
Bre=b, BB B B Bz
AL BRAE, Bl | BRAEZZE | BRESELA . SR
B2 0 B PR RE S, F <2.2.27 TR 5 vk 4%,

I
2.3 HPLC ¥&BigE %
2.3.1 KHEREK FREASHEAE (Y-1) &,

I 2.2.27 WU ILH A AL, R 2.1
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B ETTE RSD $/NT 1.53% , AHXFIE TR AR RSD #1708 (B AT WA TR, SRR 2,
F2.80% , FEULPRE B AT i R
2.3.2 HEEMWRE FKEASHE (Y-1) @i, I N S
92,227 BUF IR EATH & 6 G B R, M SRR SR AT
T “2. 17 TEAGESET SRR, A 45 A 1 :ﬂhmé@ffi;w %t ziﬁ
ARXHAR: B8 1 8] RSD ) /N 1.35% , AH X 0 1ap jji Y=l .
RSD ¥J/NF3.00% , £z rkEE R, jw L;:i_mp_ - GRS
2.3.3 BUEMERE BERSEE (Y-1) &, J_M::::ﬂw B
e «2.2.2” IR Jr kgl &M S, T o, 3. L mEwH
“ ” 3 N’\._/J-LM

6.9, 12, Mhﬁill‘ﬁ@ FAF N HEREDE I tAMJTt::ﬂ%,\miﬁ@“
W54 HA W AR X O B B R] RSD 39/8hF 2.00% , 4 ) MA_M_,_H_#JQLMN_* B2
XFE AL RSD BI/NT 2.51% , RUIEWAE 24 h N v e e
et R, ] *__MM_J\__«,WW*@M«f BAE

N - T BRERLE
2.3.4 PSS AU VE B 10 JILRES,, 4% i e ERH

“2.2.27 WU rkdl A AW, 7R C2. 17 T
IR T RN E, AR A “rhEia
TR SRS AL EE PR R (2012 BR), LA Y-1
NS, RO ECE, BT 2 SR IE I Mark 15
DE LA A8 S S ot BRIEE (R), HebRae 26 4
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119 S (A H) ASM SRR, 4558
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B 1 10 #tiL KB4 A HPLC 355 &g

Fig.1 HPLC fingerprints for 10 batches of Shenshi
Tongluo Pills

F1 10 #IL RBELABUNE
Tab.1 Similarities of 10 batches of Shenshi Tongluo Pills

EIk] AR i ARALLEE

Y-l 1000 Y-6 0.997

Y2 0.997 Y7 0. 995

Y3 0.987 Y-8 0.997

Y-4 0.999 Y-9 0. 985

Y5 0.996 Y-10 0.997
2.3.5 MfwE)E B 2,27 TR Rl B

WREGHE . BITERE MR BOE B, 75 “2.17 TUEGE A

A

S e

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

#/min

B2

BARRZGM, PR A HPLC &ikE

Fig.2 HPLC chromatogram of single medicinal

materials and negative samples

*2 HABHABER

Tab.2 Results for common peak attribution
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B3 M HPLC &ikE
Fig.3 HPLC chromatogram of reference substances
Y-6. Y-8~Y-10 W45 125, Y-7 W45 225, WM
AERURE SR LAy, DN Y-7 SR e o — 2 A i A
AIRES R R R A T2 K
5

10 15 20 25
4J i . h 1
5

2

DY

2.4.2 FRGAT DA M0 E A AR, R
JH SPSS 27. 0 it A7 400r, DIRHIEME R T 1 ibs
HE, PEHCH 7 A E Ry, BRI 2 TR A
94.66% , A4 WA IE(E B, WK 3, AT
FEREDLER 4, o FERr 1R 2R R 0
g1, 2,5, 7,8 (WEF D), 12, 13, 14
(BRJER) . 18, 19 (MhifeH ) | 23, 24 (AN
BE) . 25, FEALAT 2 XN 28 far £ 55K B I R 0 6
17 (BRRER®EGET) . 21 (AR Rel) .
22, FERLAT 3 X N A A AR B WS I 4 16,
26, FI 4 MR far OIS 3 9 11,
20, FELAT 5 % A B ORI I 10, 15,
M E BT 6, 7 JoXf R,
R3I ERDUHMEE. FEREBRE

| Tab.3 Eigenvalues and variance contribution rates of
3 4' principal components
6 Fr FHIEE  Jr 2250/ % SRy 22 DR/ %
1 8.09 31.10 31.10
10 2 4. 60 17. 67 48.77
8 3 3.90 14.99 63.76
9 4 3.11 11.96 75.72
7 5 2.29 8. 81 84.53
a4 S HRKE 6 1.58 6. 06 90. 59
RS 7 1.06 4.07 94. 66
Fig. 4 Dendrogram of cluster analysis
x4 EHHRETER
Tab.4 Loading matrices for principal components
Sfri St
1 2 3 4 5 6 7
1 0.82 0.45 -0.12 -0.00 -0.11 0.11 0.28
2 0. 64 0.34 0.35 -0.34 -0.08 0.20 0.27
3 -0.38 -0.51 0.11 0.57 -0.03 -0.31 0.27
4 -0.30 0.36 -0.77 0.32 -0.22 -0.15 0.11
5 0.62 0.54 -0.23 0.31 -0.26 0.09 -0.23
6 -0.07 -0. 80 0.01 -0.44 -0.11 0.21 -0.24
7 0.53 -0. 05 0.50 0.33 0.26 0.21 -0.12
8 0.59 0.35 0.47 0.36 0.07 -0.18 0.01
9 -0.30 -0.11 -0. 60 0. 63 0.10 0.30 -0.15
10 0.42 -0.05 -0.52 -0.22 0.56 -0.31 0.18
11 -0. 36 0.14 -0.15 -0.52 -0.30 0.50 0.45
12 -0.77 0.27 0.13 -0. 06 0.37 0.38 0.18
13 0. 60 -0.42 0.34 -0.38 0.28 0.05 -0.20
14 -0. 88 -0.31 -0.02 0.02 -0.22 0.29 0. 06
15 0.50 -0. 14 0.37 0.08 -0.73 0. 00 -0.00
16 -0. 04 0.20 -0.71 -0.37 0.24 0.37 -0.34
17 0.23 0.76 0.03 0.37 -0.31 0.31 -0.15
18 -0.76 0.38 0.33 -0.12 0.25 -0.26 -0.02
19 0.75 0. 06 -0.26 0.45 0.19 0.15 0.15
20 0.25 -0.62 0.05 0.53 0.31 0.29 -0.04
21 0.43 0. 65 -0. 14 -0.45 0.10 -0.18 -0.31
22 -0.52 0. 69 0.35 0.12 0.32 0.04 0. 08
23 -0. 69 0.22 0.43 -0.12 -0.44 -0.15 -0.22
24 0. 86 -0.09 0.16 -0.33 0.17 0.07 0.21
25 -0.69 0.57 0.20 0.02 0.36 -0.01 0.00
26 -0.07 0. 06 0. 80 0.24 0.23 0. 36 -0.10
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A E W 5, al % 7 A 3 o YR RE A
Bl 2o, Bl6 R, 10 HERES 438 2 2K 4 o
Y-1~Y-6, Y-8~Y-10 M55 12K ,Y—7j\7§|%’2§'§,5 %2 v13b
WAL, R2X 4 0.836, Q° N 0.573, ¥k R i‘g &
T 0.5, KUIBARBIAE S RAF, AR, = 4 wer
J 6
-8 ; - . . . .
6| 8 -6 4 2 0 2 4 6
b 1.000 52#¢[1]
£
B
2l
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Fig.5 Scree plot for principal components analysis
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Fig. 6 Plot for principal components analysis

2.4.3  IERRE/NZIRIEFIN AT R 0
AL A SIMCA 14. 1 AT 5081, KM RPX =
0.631, R?Y=0.998, ¥ KF 0.5, RWPHRAFE
AIEE, M 7A AT, 10 HEREAN Y N 2 2K, Y-1~
Y-6. Y-8~Y-10 N5 12 ,YJ%%Z%,%%%
SR FRGT B, AR E R (VIP
B) Al BRAEAN G STRRRR I, ARSCELL VIP fH>
1 AaifE, e 9 RibREMERLSY, STMk i K EDN
kMg 12, 23, 13, 22, 20, 3, 14, 21 (AZ
WA Rgl) . 19 (AhBEZH ), Al AEZ i A [F 4Lk
W R 2 SRR R, W 7B, R (K
7C) R, bR 9 AWy R SR, 20 e
WEIH22 5 X 43 2R B2 AR

2.5 AFwE  fE HPLC 840 &35S a1 e b
7 CREAAAET RN, R =LA
S A Rgl K& R B 5 &AM, B
2y R bR D XA TP SRR R . AR
PIBR, AR AR 25 B b b A B A R de s
2.5.1 &KMEXRARELE SHEERE “2.2.17
R XA AW 0.5, 1.0, 2.0, 4.0, 6.0, 8.0

VIP[143+0]

-0.54

'] 0 T T T T T 1 | O T T T 7 T 1T

N N NI RN R N 2 N AN
Var ID (Primary)

(@)

A @i
0.3 °
1 25 @7
= 027 20@® °
= - 5 18
2 0.17 @12 @14 @ ®: $M2.DA(B)
& 0@ @ | 23@
= 014 $M2.DA(A) 2@ ®:
% 021 ®::
X 9@ 16
£ 034 o ”_. @5
-0.4- @0
-0.5 T T T T T T -
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0.862 889 * pq[1]
7 EXRENZFEFFSHE
Fig.7 Plot for orthogonal partial least squares

discriminant analysis

mL, ®F 10 mL &fiH, PEECEZLE, 8725,
FE “2.17 TEATESAE T AR , AT RS, T
WEEA B AR (X)), WEE BRI R (Y) #E4T
BIH, 25U S, nlAI4S o 7E 45 F Y Bl 2k
KRR,

5 BHABBXER

Tab.5 Linear relationships of various constituents

i

Wy 7 AL
(pg-mL™)

HEAT D Y=7.0352X+4.917 1 0.999 2 3.44~27.55

R Y=42.572X-18.000 0 0.999 1 0.86~13.70
B4R Y=37.676X-3.3154 0.9993 1.04~16.64

Tl iz 4 Y=19.52X-4.2544 0.999 4 3.93~62.83
AS A Rel Y=12.665X-3.5870 0.999 6 2.50~40.00
HA TR Y=7.227 1X+0.179 7 0.999 4 3.14~50.18

2.5.2 FEHAEE B “2.2.17 TR X IR

WOEH, £ “2.17 TGS 54 T D E 6 IR,
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P H T D, SRIFHR . Bl 5 B A 0 1 . Al
FAF . AS BT Rl . A NERIERIFL RSD 4354
1.31% . 0.65% . 0.63% . 0.64% . 1.25% . 0.76%,
WA B R AT,

2.5.3 HEEMRAE HEASHER (Y-1) 617,
fie “2.2.27 WUR ARl ML AAR, 7R “2.17
T i S A HERE N G, AR HL BT D, SRJER
ERFHEIEART . M, AS 21 Rel | 3
AT S & RSD 4390 1.68% . 1.34% . 0.92% .
0.79% . 0.73% . 1.71% , #IZHEEEIERL
2.5.4 RUEMERE FRECARSBAR (Y-1) b6,
Fie “2.2.27 WUR ksl S, T 0. 3,
6.9, 12, 24 h £F “2.1” Wik &0 F SEkem
FE, MG T D, SRJERR . B S I A b
TF . M EE . A AT Rgl . BEAS P g4 1 AL RSD
43514 1.20% . 0.75% . 1.67% . 0.99% . 0.93% .
0.81% , FLIRKAE 24 h WEETE R I,

2.5.5 JnAERNSCRAE B U S RO A A
A (Y-1) 290.5 ¢, &R, Lo, K
WA “2.2.17 BUNHEAT D, Mz dF, #EA N
P R SR VA W AS 0.6 mL, T S B R 4 25 8 L X
PR 1.5 mL, AZ R AT Rgl YRS AW 0. 8
mL, ZEJEFR N IR S VAR 0.2 mL, % “2.2.27 I
TRl AL AIA R, E 2017 WEEST
HEREDE , TR A, 450, LB D, SRR
R, B R EMAAGHET. fhkH ASEH
Rgl, H A N BE (9 °F ¥ fm 4 181 ik 3 43 5 ok
100. 05% . 97.74% . 97.44% . 102.08% . 98.46% .
97.29%, RSD 4» Wl J 1.60% . 1.38% . 1.28% .
1.73% . 1.18% , 1.26% .

2.5.6  FESKGI BC10 HEASSRY RS 2 14y, B0
291.0 g, W&ERE, % “2.2.27 T F ksl
PR, 75 “2.17 TGS AT SEREI
AR, g IEG,

®6 BEHNRENELR (n=2)

Tab. 6 Results for content determination of various constituents (n=2)

S/ (mg-g")

i W D I B IR AR LSS AZ AT Rgl A AR
Y-1 0.502 1 0.075 4 0. 066 6 1.082 2 1.043 2 0.848 1
Y-2 0.458 1 0.078 5 0.065 2 1.100 7 0.954 7 0.862 7
Y-3 0.444 1 0.075 1 0.065 0 1.074 9 0.926 6 0.842 4
Y-4 0.474 7 0.078 3 0.065 6 1.080 9 0.988 1 0.847 1
Y-5 0.482 1 0.078 9 0. 066 5 1.086 2 1.003 0 0.8513
Y-6 0.292 7 0.079 9 0.064 6 1.030 8 0.977 8 0.807 6
Y-7 0.488 2 0.073 4 0.072 8 1.049 8 1.015 1 0.822 6
Y-8 0.373 2 0.072 9 0.063 1 1.046 5 0.784 2 0.8200
Y-9 0.397 6 0.074 2 0. 065 4 1.064 3 0.833 2 0.834 0
Y-10 0.3839 0.077 5 0.063 5 1.049 5 0.805 8 0.8223

2.6 EW-TOPSIS i VISR & bR, R4
BB A AR S G AT U — AL 3, IFARSE A
X (1) ~ (4) WRAERW E . 5 2SUHMHE D,
R W R T,

Y,

pi = (Y, BRI (A

Ej == ll’l(ln> Z :=1pijlnpzj (/lx\it: 2)

D;=1-E (~33)
D.

MZZQ (A 4)

PR W, 50— (A B B AR, 53N
O SRAERE , Ar BIRIE AR (5) ~ (6) HHEIE
PAHME RS, R R, AL (7) ~ (8) A
3894

£7 BHRE. D W, UEER

Tab.7 Results for E;, D, and W, determination of various

indices

b E, D, W,
M D fa 0.934 0 0. 066 0 0.102 8
LR 0.876 1 0.1239 0.192 8
BT EMAAMT SR 0.8365 0.163 5 0.254 4
il R A 0.908 0 0.092 0 0.143 1
ASRH Rgl T 0.894 8 0.105 2 0.163 7
HA R 0.908 0 0.092 0 0.143 1

AR 3 T PR A Y RS (R BR RS DT B B B
Mg MEER D™, BaRiEAX (9) HH5E
MR EE €122 S5 03 8, AT, Y-5
¥ C, e, Y-8 IERAR,
R+=maxRij(j= 1, 2, -
R =minR,(j=1, 2, -

, m)

2 m)

(~305)
(~306)
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D! :\/2:=1<RU_R+>2 (n7)
D’ =N/§SZLI(RU-R‘)2 (A 8)

I A9
i_m(L_ ’ s T n) (L\I )

&8 EW-TOPSIS x4 R
Tab.8 Results for EW-TOPSIS method

' D* D~ C; Hery
Y-1 0.211 4 0.269 6 0.560 5 5
Y-2 0.2117 0.293 3 0.580 8 2
Y-3 0. 266 7 0.190 0 0.416 0 7
Y-4 0.205 6 0.268 5 0.566 3 4
Y-5 0.174 8 0.298 0 0.630 2 1
Y-6 0.315 4 0.2317 0.423 5 6
Y-7 0.232 7 0.313 8 0.574 2 3
Y-8 0.396 7 0. 060 3 0.1319 10
Y-9 0.306 1 0.1339 0.304 4 8
Y-10 0.3343 0.1459 0.303 8 9
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