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Comprehensive Quality Evaluation of Compound Shilintong Capsules Based on Multi — Component

Quantitative Analysis Combined with Chemometrics and Entropy — Weighted TOPSIS Method

ZHANG Haijun' ,CHEN Zhengzhen?,LI Zhiming®,ZHANG Bei'
(1. Yancheng Third People's HospitalYancheng Clinical Medical College of Nanjing Medical University ,Yancheng . Jiangsu,China 224001 ;
2. School of Pharmacy, Jiangsu Vocational College of Medicine,Yancheng, Jiangsu,China 224000; 3. School of Pharmacy,Nanjing University of
Chinese Medicine ,Nanjing , Jiangsu,China 210023 )
Abstract: Objective To establish a high — performance liquid chromatography (HPLC) method for the simultaneous determination
of 11 marker components in Compound Shilintong Capsules and to evaluate their quality. Methods The chromatographic column
was the Agilent Eclipse Plus C,; column (250 mm X 4.6 mm,5 pm),the mobile phase was 0.2% formic acid solution —
acetonitrile (gradient elution) , the flow rate was 1.0 mlL / min, the detection wavelengths were 327 nm (neochlorogenic acid,
chlorogenic acid, cryptochlorogenic acid),238 nm (loganin,swertiamarin, desoxystrychnine) ,and 340 nm (veronicastroside — 1,vitexin —
2" — O - rhamnoside, schaftoside , isoschaftoside , isovitexin) , the column temperature was 30 ‘C,and the injection volume was 10 L.
Loganin was used as an internal standard to establish the relative correction factors (f) for the other 10 components. The content
of 1l components in the samples was calculated and compared with results obtained using the external standard method.
Chemometric analysis and entropy — weighted Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) were
applied to analyze the differences among 13 batches of samples. Results The methodological validation met the requirements of the
2020 edition of the Chinese Pharmacopoeia. /' showed good durability, and there was no significant difference between the two
quantification methods (P > 0.05). Chemometric analysis classified the 13 batches into three groups, identifying desoxystrychnine,
schaftoside, loganin, neochlorogenic acid, isoschaftoside,and cryptochlorogenic acid as key differential markers affecting sample quality.
The entropy — weighted TOPSIS analysis showed that the relative closeness (C,) values of the 13 batches ranged from 0.170 9 to
0.713 5,with four batches exhibiting C, > 0.5,indicating relatively high quality. Conclusion The method established in this study
is suitable for the comprehensive quality evaluation of Compound Shilintong Capsules, revealing certain quality differences among
products from different manufacturers.

Key words: compound shilintong capsules; HPLC;multi — component quantitative analysis;chemometrics;entropy — weighted TOPSIS;
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( H AR Shimadzu 23 7 ) ; KQ — 250B 748 75 i 15 vk (B
LE A A TR A D
1.2 X%

XoF HEh ES T AR R R R (A 2
K 5 WF 98 Bt L F1E5 43 ) 4 111640 - 202309, 110753 -
202119, 111912 - 202204, £ 143 5 A 99. 2% . 96. 3% .
94. 9% ) s X BRSO 40 JE R B SR R M 251 WAk D
BT HER T - L ET T 22 AR SRR IR R
i 5 B I & A BR A T AL 4 5 PRE7111543
PRF9091941 PRF8061441 . PRF8071841 PRF23122224 .
PRF7061303 ,PRF9042726, 7 5435l 4 99. 8% .99. 6% .
99. 4% .98. 8% .96. 5% .97. 1% .97. 4% ) ; %t B8 i 5 5L b
P Ol AR R A R A W] L 45 PS001084,
T 98.7%) 5 B J5 A Ikl I B (A A F] L iS5 oA
221003.221004.221101.,221103.221202, %i 5 S1 - S5;



20254E3 H 20 H 45 34 455 6 1)
Vol. 34,No. 6,March 20,2025

&%

China Pharmaceuticals

I -

Inspection and Test

B 2\ A, 5 4 Wk 35220904 . 35220906 35221001 .
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2.1 & E

(A5 : Agilent Eclipse Plus C¢#£(250 mm X 4. 6 mm),
5 um) ;P sl : 0. 2% H R (A) — S0 (B) , B FE e
(0~ 11 minff6%B;11 ~ 19 minf 6% B— 10%B;19 ~30 min
i 10%B — 21%B;30 ~ 52 min i} 21%B — 32%B; 52 ~
60 min A 32%B — 6%B) ; Jit # : 1. 0 mL / min; K ] 3
+::327 nm (0 ~ 19 min, FER IR LR IR Rk R R ) ,
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1. Neochlorogenic acid 2. Chlorogenic acid 3. Cryptochlorogenic acid 4. Loganin 5. Sweroside 6. Secoxyloganin 7. Vicenin I 8. Vicenin [l

9. Schaftoside

10. Isoschaftoside

11. Saponaretin

A. Mixed reference solution B. Test solution C. Negative reference solution lacking Lonicerae Japonicae Caulis and Pyrrosia chinensis D. Negative

reference solution lacking Pyrrosia chinensis

E. Negative reference solution lacking Lysimachia christinae Hance

Fig.1 HPLC chromatograms
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1.25%,1.10%,1.53%,1.19%,1.58%,1.31%,1. 09%,
1.58%,1.65% (n = 7) , & WA I  5 W = IRiEE 24 h
WIEARFRE .

FE PR IR (S5 SDIE R, 4 600y, 7422, 2300 F
07 ¥ il A AT, $ 2. 1 IR (635 S ERE I 2
e TR A S N Rl = B B S R U B I 1) N £
RSD # Rl 1.96%, 1.98%, 1.89%, 1.95%, 1. 84%,
1.83%,1.69%,1.73%,1.58%, 1. 54%, 1. 43% , F W J5
REE MR

AR [l 5 < B 0 45 1 43 o s AR A (45 S1)

Tl KUXRERER

Tab.1 Linear relationship investigation results

90y, B2 0.1 g, AFEFRIE , 43 AR A X BE 5L
W (B 1 mL & iR 11 Fh A 43 0.067, 0341, 0. 096,
0.482, 0.059, 0.652, 0.078, 0.258, 0.776, 0.551,
0.142 mg)0.8,1.0,1.2 mL, F-#% 2. 23 F J5 1 il 45 it
AR, 2 2. 130 N s SR e R o |, T SR T R
IR i A5 A AR 11 Fh o3 1 4 e [l 2 4
Wl K 98.40%, 99.33%, 96.91%, 100. 16%, 97.91%,
99.32%,97. 29%,98. 95%, 100. 02%,98. 54%, 96. 89% ,
RSD 43 5 4 1.33%, 0.97%, 1.29%, 0. 63%, 1. 41%,
0.79%,1.17%,0.99%,0. 65%,1. 21%,1.29%(n =9) ,
2.4 QAMS E#ET

AR RS IE B (F) B0 7 G 2 IR B 2Pk e R 5%

HFaAS A7 ro HEER(ug/nl) VTR 6 A B TARVE I, 4R 2. 1T % A R i
WRRR Y,=2.4959x10°X, - 1870.1  0.9996  0.66~33.00 ﬁé{ﬂlu%ﬁﬁougéﬁﬁﬁmﬁw,ﬁzﬁﬁfz (pi xAs) /
GRBR Y,=4.6344x10°X,+1241.3  0.9993  2.35~117.50 (ps><A,)if%ﬁﬁﬁ10@&%'—%%%%%]‘{5,&43%/1\
4 R ¥,=3.395 1 x 10°X; - 306. 5 0.9997  0.97~48.50 s UMK IRAC TR i Tk B T AR PN =W A H A AR )
L Y,=4.0745x10°X,-1528.0  0.9994  3.15~157.50 5}@%%@@%2,u;{,%ﬁj\jmg%fr%ﬁﬂmﬁggsp
L% Y;=1.6783x 10°X; + 132.3 0.9996  0.59~29.50 H/NT 2. ()%’%gfﬁgjﬁgfﬁﬁfﬁﬁﬂ:%ﬁﬁﬁo
AL ETE V,=53628x10°X,+1956.0 0.9993  4.05~202.50 fiﬁfi%%?*ﬁ%%ﬁl/é‘é%ﬁﬁﬁ&{%{&ﬁi,?ﬁ
BRT -1 Y,=2.8733x 10°X,+1028.7 0.9994  0.73~36.50 2. 1300 R a3 244, 43 5] L) Agilent Eclipse Plus C g £ |
FHZHFAF Y, =4.4071x10°X,-982. 1 0.9996  1.91~95.50 Alltima C,q # F1 Shimadzu Cyg (A% Y5 250 mm X
B3 F,=5.9574x10°%,+797.5  0.9993  4.85~242.50 4.6 mm,5 pum)7E Agilent 1260 %I 1 Shimadzu LC - 20A
FAMBEF V=5 109%10°K,-1284.1 0.995  3.46~173.00 B HPLC 240 b g REIN 5 45 5 ) RSD Y9/N T 2. 0% , 3
F Y, =3.7047x 10°X, +1511.3 0.9994  1.27~63.50 AN RIS 28 % G 3SR AR X £ 0 2 5 mm B 36 3

F2 HEMRERFHESER
Tab.2 Results of relative correction factor calculation
i WERRB  RRM RERKR HHF MAMDLETH  ART -1 HEZERF O AMEF FEBEE AR
1 1.6549 0.8700 1.2340  2.4533 0.7512 1.4164 0.9515 0.6833 0.8010 1.100 3
2 1.6506 0.8684 1.1993  2.4539 0.7533 1.4170 0.9243 0.6738 0.8009 1.100 8
3 1.6660 0.8672 1.2284  2.4435 0.7497 1.4144 0.9279 0.6717 0.800 1 1.088 2
4 1.6579 0.8793  1.2170 2.4616 0.7616 1.4229 0.9334 0.684 8 0.800 8 1.0993
5 1.6022 0.8860 1.1737 2.3874 0.7639 1.4130 0.9136 0.689 5 0.7923 1.1026
6 1.6363  0.8782 1.2032  2.4320 0.759 1 1.4183 0.9258 0.6832 0.797 8 1.099 4
X 1.6446 0.8749 1.2093  2.4386 0.7565 1.4170 0.929 4 0.6811 0.798 8 1.098 4
RSD(%) 1.40 0. 86 1.83 .11 0.78 0.25 1.36 1.00 0.43 0.47
£3 EHAENKRERTFESEERESR
Tab.3 Durability test results of relative correction factors of various constituents
HEBE bk WERE BRE BRRR SH¥ WAALATH BAT -1 AOZENE IREE FIBEE FRHE
Agilent 1260 Agilent Eclipse Plus C 2 1.6451 0.8738 1.2097 2.4375 0.7572 1.4183 0.9283 0.6825  0.7997 1.099 6
Alltima C 4 1.6492 0.8765 1.2184 2.4461 0.7649 1.4199 0.9315 0.6873  0.8015 1.1009
Shimadzu LC - 20A  Shimadzu C 4 1.6645 0.8851 1.2329 2.4604 0.769 3 1.4235 0.9497 0.6917  0.8062 1.103 4
Agilent Eclipse Plus C 42 1.6057 0.8679 1.1808 2.39138 0.748 6 1.405 6 0.9102 0.6708  0.7929 1.0871
Alltima C 4 1.6252 0.8706 1.2162 2.4159 0.753 4 1.408 4 0.9249 0.6734  0.7951 1.0915
Shimadzu C 4 1.6474 0.8815 1.2301 2.4465 0.7515 1.4152 0.946 4 0.6909  0.8004 1.0938
X 1.6395 0.8759 1.2147 2.4330 0.7575 1.4151 0.9318 0.6828  0.7993 1.096 1
RSD(%) 1.27 0.74 1.54 1.03 1.07 0.49 1.56 1.31 0.59 0.57
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Tab.4 Results of relative retention time calculation

BELS &k MERR SRR RERR HHF BARKLATH HRT-1 HOZHFF IHET FEBEF FHHF
Agilent 1260 Agilent Eclipse Plus C, 4 0.6842 0.8338 0.8864 1.1828 1. 404 4 1.7922 19501 21524 23047  2.5152
Alltima C (42 0.6895 0.8419 0.8971 1.1952 1.4197 1.7958 19765  2.1793  2.3152  2.5431
Shimadzu C,,# 0.6961 0.8502 0.9005 1.1980 1.4349 1.8325 19819  2.1987  2.3491  2.5524
Shimadzu L.C - 20A  Agilent Eclipse Plus C, (2 0.6708 0.8205 0.8749 1.1705 1.3752 1.7705 19324 2.1211  2.2564  2.4782
Alltima C 4 0.6836 0.8237 0.8796 1.1769 1.385 1 1.7732 1.9338  2.1285  2.2698  2.4818
Shimadzu C,, 1% 0.6897 0.8398 0.8852 1.1847 1.4335 1.8218 19783 21796  2.3457  2.5462
X 0.6857 0.8350 0.8873 1.1847 1.408 8 1.7977 19588 21599  2.3068  2.5195
RSD(%) 125 136 L1l 0.8 1.77 1.40 1.17 1. 44 1.65 1.32
x5 HEmPUNHRIEENELER (mg/ 1)
Tab.5 Determination results of 11 components in compound Shilintong capsules (mg / capsule)
A 5 Fi&x Sl S2 S3 S4 ss S6 s7 S8 S9  S10 Sl S12  S13 Pfi
I AR ShAR 1,217 1,162 1.190 1.135 1.106 1.606 1.572 1.465 1.647 0.959 1.033 0.998 1.057
kR BR MR 0.162 0.185 0.199 0.172 0.187 0.135 0.103 0.172 0.157 0.091 0.116 0.125 0.108 0. 877
QAMS 0.158 0.180 0.194 0.176 0.182 0.133 0.101 0.168 0.153 0.093 0.113 0.122 0.111
SRR R 47 0.865 0.819 0.801 0.807 0.788 1.143 1.058 1.042 1.168 0.683 0.701 0.672 0.752 0. 886
QAMS 0.842 0.804 0.823 0.785 0.766 1.111 1.087 1.014 1.139 0.664 0.715 0.691 0.731
T 2% JR BR ShAF 0.236 0.257 0.282 0.243 0.298 0.184 0.144 0.144 0.161 0.207 0.298 0.216 0.229 0. 888
QAMS 0.230 0.263 0.274 0.238 0.290 0.180 0.148 0.140 0.157 0.202 0.305 0.210 0.223
ERCE MR 0.146 0.183 0.173 0.193 0.155 0.247 0.233 0.208 0.271 0.102 0.113 0.088 0.117 0,949
QAMS 0.142 0.188 0.169 0.198 0.151 0.254 0.227 0.203 0.264 0.100 0.110 0.090 0. 114
W RALL AR FH MR 1.635 1.841 1.796 2.132 1.761 2.598 2.345 2.276 2.519 1.351 1.486 1.529 1.669 0822
QAMS 1.589 1.894 1.763 2.074 1.724 2.534 2.280 2.213 2.456 1.386 1.446 1.491 1.623
$®eRT -1 SAF 0.193 0.208 0.226 0.212 0.207 0.173 0.182 0.188 0.149 0.279 0.260 0.273 0.267 0. 899
QAMS 0.188 0.214 0.220 0.207 0.202 0.169 0.177 0.186 0.145 0.273 0.267 0.281 0.260
oG ZHNF MR 0.653 0.719 0.784 0.652 0.756 0.959 0.923 0.884 1.072 0.533 0.561 0.544 0.572 0. 833
QAMS 0.635 0.703 0.762 0.670 0.735 0.935 0.897 0.860 1.044 0.548 0.546 0.529 0.561
E A ¥53F SPAR 1.932 1.973 1.802 1.995 1.779 2.425 2.349 2.011 2.526 1.507 1.588 1.455 1.661 0. 841
QAMS 1.879 1.920 1.854 1.966 1.730 2.363 2.312 2.055 2.456 1.465 1.544 1.496 1.615
It A ShAR 1.387 1.342 1.371 1.455 1.279 1.748 1.631 1.512 1.816 1.081 1.139 1.105 1.194 0,786
QAMS 1.351 1.380 1.333 1.414 1.244 1.699 1.662 1.478 1.766 1.053 1.110 1.076 1.161
F- 430 3 SPAF 0.352 0.371 0.424 0.371 0.408 0.519 0.473 0.478 0.579 0.304 0.287 0.278 0.311 0.896
QAMS 0.343 0.380 0.412 0.362 0.397 0.505 0.485 0.465 0.564 0.296 0.295 0.286 0.303
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Fig. 4 Results of OPLS — DA analysis
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Tab. 6 Ranking of sample quality evaluation

%% D D ¢ HBE|BT D D #%

S 2.1205 1.3418 0.3875 S8 1.5096 2.1173 0.5838 4
$2 1.8058 1.7224 0.4882 89 11777 2.9%24 0.7135 1
S3 1.8440 1.7950 0.4933 SI0 3.1483 0.6491 0.1709 13
S4 1.7938 1.7306 0.4910 ST 2.8210 1.1984 0.2982 10
S5 2.1195 1.6105 0.4318 S122.9389 0.7875 0.2113 12
S6 1.1667 2.7208 0.6999 SI13 2.6868 0.8518 0.2407 11
ST 1.5755 2.4030 0.6040
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