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HPLC fingerprint combined with chemical pattern recognition for integral
quality of Zushima Injection
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Abstract: Objective To establish the HPLC fingerprint and chemical pattern recognition model of Zushima Injection (ZSMI) and
provide reference for evaluating the quality consistency of ZSMI. Methods The analysis was performed on Agilent Cis (250 mm x
4.6 mm, 5 pum) column with acetonitrile-0.1% formic acid solution for gradient elution, the flow rate was 1.0 mL/min, the detection
wavelength was 300 nm and 254 nm, and the column temperature was 30 ‘C. “Similarity Evaluation System of Fingerprint of
Traditional Chinese Medicine (2012 edition)” was adopted to investigate the similarity of 15 batches of ZSMI combined with
principal component analysis (PCA), cluster analysis (CA), and orthogonal partial least squares discriminant analysis (OPLS-DA) to
evaluate the overall quality of ZSMI. Results The similarity of 15 batches of samples was between 0.882 and 0.998. By PCA, CA,
and OPLS-DA analysis, the 15 batches of samples were clustered into three types, of which S1—S8 were clustered into two types
from the same manufacturer, S9—S14 were from the same manufacturer and clustered into group I. Three common peaks were
identified from 12 common peaks as Q-marker of ZSMI, which were No. 5, 8, and 7 (daphnetin) peaks. Conclusion The method of
combining chemical pattern recognition with fingerprint is simple with good reproducibility, which can quickly evaluate the stability
and consistency of different batches of ZSMI from different manufacturers, and is suitable for the evaluation of the overall quality of
ZSMI.
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MBS (Zushima Injection, ZSMID) f&HH
T3t Daphne giraldii Nitsche. FMR 7 FIZEFz 280 T2
HIRR K A, HFEE AT R, KT
FHEE, WK R TR FEEmEt-2. 1%
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JR B A DUELTRR B 2R () & AR R brift, X FEA
REAXTH S URE L IR B AR S &, R = A T AR U8 W AT
1) o 4 i) 7 206

PRy, AR50 SR B 5 A
58 VIR I R 5 5P AR 25 ) B T 4TS, AL
THEZHE RPN AE ) K AR ZSMI 15
A E YEE FUIR R WARIE . (R EZjH) 2015 SFRR
fath, 2GR SUEIREROR AT L7 40 i e B 244 A
LT A2 373 S AR XS L], SRAE R 245 5 A% Ak
o3 5 H N AR 2 (RO R/ P-12,

AR AGR A AR BT R B ) 3,
A DA LA ASOR 1A R B A (1) v 244 ST S 30 2
PERELE . PR G TRE, 20k T B 2 R bR
VI LRI, o T 2L e B B
B O Z R TR o 250550 o B T
Fe 316l RS 15 #EANIR) %K ZSMI HPLC
RO, 0 AT AR LBE PR R 256 F 1 2 i
(PCA). FHEHT (CA) FIEA i fe /N 35 4>
#r (OPLS-DA) Sk s 7%, YN AN
FANFREIR ZSMI ()R e Al — S, 3211 07 1 Hh
i ZE R bR G, AR Ao H RO,
SERT ZSMI IR . RGN =% .

1 UESHH
1.1 {25

Agilent 1260 B = 2880 BUAH (1% A, BL4E — R BE
ik Es (DAD). fREM IR LB RKE .
E shBEFESS . ChemStation T/Eu:, 3£ Agilent £}
FAMRAF; Metters B8R, Fit: Precisa
ANl B RO vEAE, Rl R AR A
w; AKX, 3£ E Millipore A F .

1.2 ##
MG WREY Nk, 32 Fisher Scientific

AF; RN, RETOCERH KEERA
A5 AR AKX A TR 22, it NI111AS,
FLES L 99.81%, WH KEERCEMEAREARA
Aly 15 4T ZSMIL, itk 2mL/3C, FEMdn SN
S1~88, L5 Kk N 17072321 . 18040121 .
18120321 . 18120621 . 18120921 . 19010421 .
19011221+ 19032021, ¥ H BAEUT SR 2 A FRA 75
FEfbgm5 8 S9~S15, #t5 Kk N 20180804 .
20181204.20181210.20181212.2018121.20190101.
20190302, T HH Z MDA R A .
2 HESHER
2.1 ik Y

Agilent Cg 354 (250 mmX4.6 mm, 5 um),
BN 0.1% R AKIE - MG, BRRESEML, W3 1;
RO K L2 25 AR & 1.0 mL/min, i 30 C;
HBEFEARFR 10 pL.

=1 BERRRENEEL A
Table 1 Proportion of mobile phase

0.1%HER . O 0.1%HER
t/min o 1% | t/min - 1%
IKIEW Yo IKIE WL Yo
0 95 5 40 86 14
10 90 10 50 70 30
28 87 13 55 60 40

Fz2 KM
Table 2 Detection wavelength

t/min %K /mm t/min WK /mm
0 300 35 300
30 254 55 300

2.2 ik @A &

BUE S ZSMI FEfL, 42 0.45 um [ALIE R €
i, EREERIE AR R BRI
23 TERmERHE

R % FRAX 10.5 mg AELBR FH 26 R, B 10 mL
B A, N A R R e 2, BIAE 1.05
mg/mL HHITFR 206 R AR . 28 0.45 um FFLIE
JELE I, SR UEIRAE Rt R VAT -
2.4 ZSMI HPLC 358 EiLHse
241 HHERARE TR ST~S15 B 5 iE o
KELU bR FR 6 I S 4% 10 pl, 4% “2.17 Tl 41
HERENE o K5 R HE UL ATA R UT N “ 2 il
TRGUETE AU VAN RSGE 7 (2012 RO 8, 53
15 #LFE S HPLC FRGCEE, DL S1 AS IR EE,
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1 15 #t# @A HPLC R EE R A RIBLEIE (R)
Fig. 1 HPLC fingerprints of 15 batches of samples and its control fingerprint (R)
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t/min

B2 EITRRERZERS HPLC Bk

Fig.2 HPLC spectrum of daphnetin
242 RESERL  HUE-—HER (S 18040121
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RSD {E3)/N T 1.87%, 3R B A SIS AN A5G 5 FE R 4
243 HEEMHRE  EUE—HK S 18040121
ZSMI, % “2.27 7 PATHI4S 6 Bl i iAW,
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LA o P 5% B I TR) IR TET R . 485 SR &L (i
U AR 6T £ BR R[] /) RSD B3I/ T 0.48%, AHT U]
T RSD {H /N T 1.44%, REHIZ R EE R LT
244 FEtEEe  BUE—HER (bS5 18040121
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XTOR BRI (AL RIAE ST AR, S5 LR 3. 4. 15 4t
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Table 3 Relative retention time of common peaks of 15 batches of samples

AR O B I 1)

S1 S2 S3 S4 S5 S6 S7 S8

S9 S10  S11 S12 S13  S14  S15 RSD/%

1 0.346 9 0.347 6 0.346 4 0.346 3 0.346 9 0.346 9 0.346 4 0.346 7 0.346 5 0.346 8 0.345 7 0.346 2 0.345 9 0.345 9 0.346 1
0.501 9 0.503 0 0.502 0 0.501 6 0.502 3 0.502 4 0.502 1 0.502 0 0.501 9 0.501 7 0.502 1 0.502 3 0.502 3 0.501 9 0.501 9
0.5094 0.5103 0.509 3 0.509 1 0.509 8 0.509 4 0.509 1 0.509 3 0.508 9 0.508 7 0.509 1 0.509 1 0.502 7 0.508 9 0.508 9
0.588 8 0.590 1 0.588 2 0.5882 0.589 1 0.5892 0.588 3 0.588 3 0.587 4 0.587 5 0.587 5 0.588 4 0.588 4 0.588 1 0.587 8
0.6102 0.611 1 0.609 6 0.609 6 0.610 4 0.610 2 0.609 6 0.609 3 0.608 8 0.609 0 0.608 7 0.609 7 0.609 9 0.609 6 0.609 1
0.8203 0.8206 0.820 1 0.819 7 0.820 6 0.820 5 0.8202 0.8197 0.8190 0.818 6 0.818 1 0.8193 0.8195 0.8195 0.8193

(S) 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
1.0759 1.0770 1.076 3 1.076 0 1.076 8 1.077 3 1.078 7 1.0774 1.083 1 1.082 0 1.082 8 1.083 2 1.082 6 1.082 9 1.083 1
1.262 8 1.2635 1.263 7 1.263 6 1.264 4 1.264 7 1.263 9 1.2624 1.261 8 1.260 9 1.262 8 1.263 3 1.263 8 1.263 0 1.262 5

10 1.4677 1.4693 1.4691 1.468 6 1.469 8 1.4702 1.4697 1.4682 1.467 4 1.466 6 1.468 1 1.468 8 1.468 6 1.467 6 1.468 3

11 1.79241.796 1 1.797 1 1.7959 1.796 8 1.797 5 1.798 3 1.796 0 1.797 7 1.798 3 1.799 4 1.800 0 1.797 9 1.786 9 1.797 7

12 1.8043 1.8082 1.8092 1.808 0 1.808 9 1.8094 1.8102 1.808 1 1.809 6 1.8102 1.811 3 1.811 6 1.809 6 1.798 1 1.809 8

NeREe SHEE = RV B

0.14
0.06
0.34
0.12
0.10
0.09
0.00
0.29
0.08
0.07
0.18
0.18

=4 15 R TIERETIERER

Table 4 Relative peak areas of common peaks of 15 batches of samples

AFXF Vg TR AR

I
SI S2 S3  s4 S5 s6 ST S8

S9 S10  S11 S12 S13 S14  S15 RSD/%

1 0.4259 0.2779 0.450 6 0.469 0 0.296 6 0.326 9 0.331 8 0.711 3 0.151 1 0.203 2 0.142 3 0.104 8 0.132 0 0.128 4 0.261 5
2 0.02570.026 8 0.024 4 0.023 6 0.026 1 0.022 3 0.024 9 0.038 1 0.024 2 0.033 2 0.027 0 0.026 3 0.025 6 0.025 6 0.024 9
3 0.036 6 0.0349 0.027 2 0.031 8 0.031 6 0.029 2 0.034 1 0.061 1 0.019 6 0.028 4 0.025 4 0.020 9 0.021 2 0.020 9 0.030 1
4  0.09550.169 8 0.091 6 0.0882 0.1627 0.169 1 0.173 4 0.312 8 0.1258 0.3151 0.2249 0.206 1 0.209 5 0.207 1 0.167 7
5 0.83201.4593 0.7551 0.691 8 1.108 4 1.1396 1.2169 2.1391 0.9959 2.1953 1.7342 1.603 5 1.638 8 1.6172 1.3454
6 0.01990.0323 0.011 7 0.0123 0.021 2 0.018 4 0.025 6 0.037 4 0.040 2 0.1223 0.0892 0.081 1 0.0829 0.0821 0.019 4
7 (S) 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
8 1.3323 0.594 0 1.060 1 1.287 0 0.684 2 0.562 9 0.582 0 1.1142 0.258 0 0.330 6 0.242 1 0.223 7 0.225 8 0.223 5 0.252 4
9 0.02060.0229 0.017 1 0.025 1 0.027 4 0.027 6 0.032 0 0.060 7 0.047 0 0.037 1 0.028 4 0.027 7 0.027 9 0.028 2 0.023 1
10 0.1053 0.0883 0.0951 0.1124 0.1432 0.128 2 0.118 3 0.1326 0.128 1 0.214 7 0.135 8 0.1343 0.129 6 0.1272 0.133 2
11 0.0496 0.0529 0.038 0 0.045 5 0.0572 0.057 1 0.062 5 0.099 4 0.131 0 0.261 7 0.126 4 0.123 9 0.126 3 0.127 9 0.092 3
12 0.0119 0.0132 0.013 6 0.014 6 0.014 7 0.014 9 0.016 0 0.0327 0.065 5 0.103 6 0.050 2 0.043 3 0.040 0 0.041 5 0.041 1

56.84
15.02
33.58
38.22
33.99
75.92

0.00
68.56
36.40
22.23
59.49
74.00

SIMTEE IR, IR AR A 2 AR ORI T AR )
(Q-marker), M43 2 5 5 SEBR I GUAH AT AR ACLRE
iR

251 CA K SPSS 19.0 #fF, *I 15 #it ZSMI
TR EU IS LA el i AR AT bR AL AL B, SR FH Ward
1% (Ward’s method), PAFJ5FRIKEEE (squared
Euclidean distance) 1ENFES MR, #4750
s SR IS 3. 24K IAIEE BTG 5~15 I, ZSMI
W h 395, Hr S9~S15 kEHF— XK, BASE
125 SI~S8 kHF— %, #5235, Hr SI,

S3. S4 MIMMLLE %I~ 0.882. 0.906. 0.860, 7F
15 ek AR, X ERBEEER -8, BRE UK.
2.52 PCA EH SPSS 19.0 @A, ¥ 15 it ZSMI
(17 12 AN ERIERETAREEAT Z Frifkfl, DURRE(E
KT 1 8Embrit, SRHT 2 NFRsr, RFATTER
N 87.827%, WK 6. WA (scree plot) it —7
FEAFT 2 MR, TR AR 2 [ TP 2%,
ULEAHT 2 AN FE s ol LARER ZSMI B RHAE, WL
Bl 4. D12 MFGETAONE R, T SIMCA
14.0 G- B A58 15 #it ZSMI 1) 3 8915 5 K- AN
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Table S Similarity of 15 batches of samples
5 Sl S2 S3 S4 S5 S6 S7 S8 S9 S10  Sl11 S12 S13 S14  S15 R
S1 1.000 0.865 0.993 0.997 0.926 0.897 0.894 0.881 0.807 0.713 0.729 0.733 0.733 0.734 0.782 0.882
S2 0.865 1.000 0.889 0.840 0.986 0.991 0.995 0.975 0.968 0.959 0.971 0971 0.972 0.972 0.982 0.998
S3 0.993 0.889 1.000 0.994 0.947 0.926 0.921 0.892 0.848 0.740 0.762 0.767 0.767 0.768 0.821 0.906
S4 0.997 0.840 0.994 1.000 0.911 0.881 0.876 0.856 0.788 0.676 0.695 0.700 0.700 0.701 0.756 0.860
S5 0.926 0.986 0.947 0911 1.000 0.997 0.996 0.961 0.963 0.909 0.926 0.930 0.929 0.930 0.957 0.992
S6 0.897 0.991 0.926 0.881 0.997 1.000 0.999 0.962 0.975 0.927 0.946 0.948 0.949 0.949 0.975 0.996
S7 0.894 0.995 0.921 0.876 0.996 0.999 1.000 0.969 0.973 0.936 0.951 0.954 0.954 0.954 0.977 0.998
S8 0.881 0.975 0.892 0.856 0.961 0.962 0.969 1.000 0.900 0.934 0.927 0.921 0.924 0.923 0.936 0.973
S9 0.807 0.968 0.848 0.788 0.963 0.975 0.973 0.900 1.000 0.937 0.963 0.970 0.969 0.970 0.986 0.974
S10  0.713 0.959 0.740 0.676 0.909 0.927 0.936 0.934 0.937 1.000 0.994 0.989 0.991 0.990 0.972 0.952
S11 0.729 0971 0.762 0.695 0.926 0.946 0.951 0.927 0.963 0.994 1.000 0.999 1.000 0.999 0.988 0.964
S12 0.733 0.971 0.767 0.700 0.930 0.948 0.954 0.921 0.970 0.989 0.999 1.000 0.999 0.999 0.990 0.965
S13  0.733 0.972 0.767 0.700 0.929 0.949 0.954 0.924 0.969 0.991 1.000 0.999 1.000 1.000 0.990 0.966
S14  0.734 0.972 0.768 0.701 0.930 0.949 0.954 0.923 0.970 0.990 0.999 0.999 1.000 1.000 0.991 0.966
S15  0.782 0.982 0.821 0.756 0.957 0.975 0.977 0.936 0.986 0.972 0.988 0.990 0.990 0.991 1.000 0.981
R 0.882 0.998 0.906 0.860 0.992 0.996 0.998 0.973 0.974 0.952 0.964 0.965 0.966 0.966 0.981 1.000
S A I 6 EMAWANBHHEBMTTIE

s12 : : : : : Table 6 Initial eigenvalue and contribution rate of principal

S13 component

2@1% 1 THO WRHER TETOREN  BBIRE%

i PC1 6.365 53.045 53.045

S15 J PC2 4.174 34.782 87.827

51 I ] _

ol 12 MICHIEKBATEL, W 5. 6 fox. IS A]

ss o 15 HEREMFTLAZ 9 3 96, S1. S3 Fl S4 —2%;

:Z ﬂ . S2. S5~S8 N—3; S9~S15 N—3, LEREFY

s6 | — PCA 45 55 AL S — 8. RUAR] KIHE

> - TR TR, ) ORI R 2 [ A

Fig. 3 Dendrogram of 15 batches of samples

6,

HEEAH

t/min

El4 15 #tERERD DNEAE
Fig. 4 PCA scree plot of 15 batches of samples

— 22 S o T B R UL IR S 12 AR GAAR
a5 E 1 MFERS 2 AHRFEE, I 6 A %0,

A

t[2]

t[1]
B5 15#ERERTEIE
Fig. 5 Score plot of principal component analysis of 15

batches of samples
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Fig. 6 Loading diagram of principal component analysis of
samples
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87.90%; Q*cum=0.826>>0.5, FHIHAIH 2 Tl 3=
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Fig. 7 Score plot of 1st versus 2nd components in OPLS-DA
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Fig. 8 Lording scatter plot of 1st versus 2nd components in
OPLS-DA
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