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Abstract: A quantitative analysis of multi-components by single marker method (QAMS) was established for
simultaneous determination of gallic acid, protocatechuic acid, catechin, epicatechin, p-coumaric acid, ferulic acid
and phloridzin in Cynomorium songaricum Rupr. The analysis was performed on a ChromCore Polae C, column

(250 mmx4.6 mm, 5 um) , with a mobile phase consisting of acetonitrile-0.3% phosphoric acid aqueous solution
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for gradient elution. The volume flow rate, column temperature and sample injection volume were set at 1.0 mL-
min”, 25 °C, and 40 pL, respectively. The relative correction factors of gallic acid and protocatechuic acid,
catechin, epicatechin, p-coumaric acid, ferulic acid and phloridzin were calculated and the durability was also
investigated. The contents of these seven compounds in fourteen batches of Cynomorium songaricum Rupr. from
different producing areas or batches were determined by external standard method (ESM) and quantitative analysis
of multi-components with a single-marker method (QAMS), respectively. SPSS and Origin Pro software were
employed for principal components assay, similarity evaluation and cluster analysis. The specificity, precision,
repeatability, stability and linear range (R> > 0.999 0) of the seven components were all good. The average recovery
was 96.89%-103.16% and RSD was 0.55%~2.76%. Then gallic acid was chosen as internal reference for calculation
the correction factors for the other six components, the average relative correction factors of protocatechuic acid,
catechin, epicatechin, p-coumaric acid, ferulic acid and phloridzin were 1.141 5, 0.200 5, 0.208 0, 2.361 9, 1.867 7,
0.204 6, respectively. Student's test results showed that there was no significant difference between the data analyzed
by ESM and the data obtained from QAMS method. Through data visualization analysis, the contents of gallic
acid, protocatechuic acid, catechin and epicatechin in different samples were significantly different, indicating that
these four components might be the main quality markers of Cynomorium songaricum Rupr. for gaving more
contributes to the principal components. The cluster analysis showed that samples from Xinjiang and samples from
Inner Mongolia were clustered in significantly different categories, meaning that the quality of Cynomorium
songaricum Rupr. had great relation with producing areas. The method of QAMS established in this study is a
simple, economical and practical method with scientific and applicable charactistics for evaluating the quality of
Cynomorium songaricum Rupr. efficiently and scientifically.

Key words: Cynomorium songaricum Rupr.; quantitative analysis of multi-components with a single-marker;
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(250 mm x 4.6 mm, 5 pm, 3 [H % FE & B B A 7).
Waters E2695 1= 250 ¥ AH 8 1% A (3 B IR 4t RHE A
7]); BT KF (215 EX224ZH, d = 0.01 mg, 3£ [H
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Table 1 Information of samples

No. Manufacturing enterprise Origin Lot No.

S1  Shanyuanshenrong Co., Ltd. Xinjiang 20220330

S2  Anhui Shengnong Biotechnology Inner 20211012
Co., Ltd. Mongolia

S3  Beijing Tongrentang (Sichuan) Inner 20200410
Health Pharmaceutical Co., Ltd. Mongolia

S4  Anguo Guangsheng Trading Co., Inner 20211215
Ltd. Mongolia

S5  Guangdong Fengchun Inner 220201
Pharmaceutical Co., Ltd. Mongolia

S6  Kangmei Pharmaceutical Co., Ltd. Inner 210800231

Mongolia

S7  Sichuan Haoruijia Biotechnology Qinghai 20220406
Co., Ltd.

S8  Panshi Yufeng Trade Co., Ltd. Xinjiang 20220919

S9  Hunan Hengyue Traditional Xinjiang 21072402
Chinese Medicine Co., Ltd.

S10 Changsha Xincai Pharmaceutical Xinjiang 2011101
Co., Ltd.

S11 Hunan Zhenxing Traditional Gansu 19052006
Chinese Medicine Co., Ltd.

S12  Jilin Yufeng Trading Co., Ltd. Xinjiang 20221008

S13  Yinchuan Qitian Trading Co., Ltd. ~ Xinjiang 220816

S14 Xiamen Banshanong Co., Ltd. Xinjiang 20221156
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K (B), 15 &£ 36 i : 0~ 14 min, 0.5%~0 A; 14~21 min,
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1.0%~2.0% A; 24~34 min, 2.0% A; 34~35 min, 2.0%~
5.0% A; 35~45 min, 5.0% A; 45~46 min, 5.0%~7.0%
A; 46~55 min, 7.0% A; 55~56 min, 7.0%~9.0% A;
56~70 min, 9.0%~10% A; 70~90 min, 10%~15% A;
90~105 min, 15%~28% A; 105~115 min, 28% A; 115~
120 min, 28%~0.5% A. Il #% K 0~15 min, 274 nm;
15~18 min, 254 nm; 18~22 min, 286 nm; 22~28 min,
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Table 2 Linear regression equations of seven components from

Cynomorium songaricum Rupr.

. . ) Linearity
Component Regression equation R .
range/pug-mL
Gallic acid y=115104x -55.433 0.9994 5.67-56.70

Protocatechuic acid y =129 153 x -8.836 8 0.9997 3.21-32.20

Catechin y=22617x-3.33381 0.9995 9.16-91.60
Epicatechin y=23610x+52015 0.9995 9.45-94.50
p-Coumaric acid y=264800x -4.4274 0.9995 0.91-9.10

Ferulic acid y=210736x -8.1875 0.9995 1.95-19.50

Phloridzin y=22566x+2.7533 09997 3.55-35.50
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Figure1 HPLC chromatograms of mixed reference substances (A)
and Cynomorium songaricum Rupr. samples (B). 1: Gallic acid;
2: Protocatechuic acid; 3: Catechin; 4: Epicatechin; 5: p-Coumaric

acid; 6: Ferulic acid; 7: Phloridzin

1.3 BEE KEFRJIILER.ILF R .RILE
R A TR BB R L AR R U T A RSD 43 il A
1.62%-+1.36%+1.90%- 1.68%- 1.21%-1.90%. 1.82%, %
A2 K 2% BT R 0F

14 EEM FIILERILER BILER NEFER.
R 50 12 AR Bz T U R o T VA TR U ) AR K R 1A I 1]
RSD 73 1] 0.38%-0.50%- 0.49%+ 0.53%+ 0.55%- 0.62%,
AF X W T AR RSD 43 531 A 1.25%12.19%+2.25%12.21%
2.75%1.74%, XTI EER MR I,

1.5 BEM BETFRJIILRRILERR . RILEFER.
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X} LR BT BR R AR B U [ AR RSD 43 il A 1.13%
1.61%+1.64%+1.94%-1.84%-1.64%-23%, 7 B i i
WIRAE 24 h NFaSE .
1.6 MREERE BE TR LER R
FH A LR BB TR AR R I T A 0 A [l 2R 4y
SN 103.11%- 99.04%- 96.89%- 100.31%- 98.63%-
103.16%- 97.09%, RSD 43 %l 4 1.14%- 2.59%- 0.55%
2.30%+2.61%-1.48%.2.76%.
2 MEMHRIERFRINE

SRR, BBETRENASYE R LR L
KR VERILER TR BT BERR A R 1 55 )
N 1.141 5.0.200 5.0.208 0.2.361 9.1.867 7.0.204 6.
RSD /N T 2%
3 EXRIEBEF RO A M
31 AE\EBENAEm  JFILRKR.LRR . RIL
AN SR BB AR R I S i 1.158 2.
0.198 4.0.205 7.2.367 4.1.872 3.0.2013. RSD¥J/ T
3%, 2 WA 15 A B H0E 25 1840 6 S 3 1 S
32 AEHERX AN JRLRER LR R RILR

N TR BT ER R AR R B4 D 1.139 0.
0.198 6.0.206 7.2.371 5.1.877 1.0.202 0. RSD #J/)r
T 3%, R BAFIRXS % B 1 F(E TG 2 2 Vs
33 AERMBEFRREX (ENEN  JFHILEE.
JLA R RILA R A TR AR R AR B 14
J91.150 1.0.199 2.0.206 3.2.368 8.1.867 5.0.203 0.
RSD ¥/ T 3%, 2 BN A AR R It &0 & B2 A8 TE 2
iR A
34 FREMLEXT AERRm  JE)LRRLRR ERIL
FE N SR BT ER R AR R0 £ 1.143 5,
0.198 7.0.205 6.2.364 0.1.868 8.0.204 8. RSD /)
T 3%, 2 B T8 e A AR X 5 o A TG B VR
4 BIEEENSH

R R, RA B At T, HRSD /M F 5%
(3 3), RIHR I 1 A 6 0 3 068 5 67 o
5 QAMS A5 ESMNE % RELER

ESM LA 5 QAMS T 5B B % £ 46 40 45 3 B oR
P>0.05, F B 2 Fp 75200 5 45 A 2 181 T 35 7 e, FoR
LI QAMS VA BT I A M R AT AT M, LR 4.

Table 3 Retention time difference and relative retention time values

. Protocatechuic acid Catechin Epicatechin  p-Coumaric acid  Ferulic acid Phloridzin
Project Factor
At A At A At A At ty At A At A
Chromatographic ChromCore Polae C 15.479 1.635 43.544 2773 60.540 3.462 9370 3.819 71.540 3.907 82.942 4.369
column Agilent 5 TC-C ¢ 17.193 1.722 43286 2.818 59.228 3.487 63.836 3.681 71985 4.023 84916 4.566
Ultimate MB-C ¢ 18.255 1.814 43703 2.948 59.746 3.663 64.199 3.861 71.536 4.233 85.556 4.814
Column temperature 20 °C 15.414 1.655 42380 2.802 59.287 3.520 69.370 3.949 71.016 4.019 83.768 4.561
25°C 15.479 1.622 43.544 2751 60.540 3.434 69.370 3.789 71.540 3.876 82.942 4.334
30°C 16.611 1.642 43.691 2.689 61.229 3367 71.118 3.749 72.150 3.789 8.179 4.293
Flow velocity 0.8 mL-min’' 14.729 1.579 42.052 2.654 59.026 3.332 67.890 3.671 70.239 3.763 82.197 4.233
1.0 mL-min’' 15.951 1.711 44289 2974 61363 3.735 70.131 4.126 72.606 4.236 84.970 4.787
1.2 mL-min’' 15.611 1.622 43.691 2.751 61.229 3434 71.118 3.789 71.150 3.876 83.179 4.334
Average value 16.080 1.667 43353 2.795 60.243 3491 68489 3.826 71.751 3.969 83.740 4.468
RSD/% 6.77 4.24 1.62  3.82 1.56  3.81 3.97  3.70 1.06 438 1.37  4.80

Table 4 Contents of seven components by QAMS and ESM in Cynomorium songaricum Rupr. ESM: External standard method; QAMS:

Quantitative analysis of multi-components with a single-marker

Gallic aci Protocatechuic Catechin Epicatechin p-Coumaric acid Ferulic acid Phloridzin

No. /mg-g’ acid/mg g /mg-g’! /mg-g’! /mg-g’! /mg-g’! /mg-g’

ESM ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS
S1 0.1194  0.1041 0.1043 04990 04967 02176 02177 0.0096 0.0094 0.0040 00040 0.0207 0.0203
S2 0.1349 00932 00926 1.7759 1.7770 04324 04326 0.0208 0.0206 0.0068  0.0068 0.0202  0.0198
S3 0.0633 00691 00687 14769 14701 03143 03145 0.0192 0.0189 0.0053 0.0053 0.0168 0.0165
S4 0.0666 0.0498 0.0495 1.6642 16466 04555 04558 0.0227 0.0224 0.0557 0.0558 0.0270  0.0265
S5 0.1115 00472 00469 38995 38814 0.8858 0.8864 0.0256 0.0253 0.0064 0.0064 0.0281  0.0277
S6 0.1469 0.0805 0.0800 14606 14539 0.3388 0.3390 0.0163 0.0161 0.0054 0.0054 0.0195 0.0192
S7 0.1246  0.0572 0.0570 1.0743 1.0713 03251 0.3259 0.0141 0.0139 0.0077 0.0077 0.0332  0.0327
S8 02067 0.0550 0.0547 15658 1.5586 0.3854 0.3857 0.0138 0.0137 0.0090 0.0090 0.0351 0.0345
S9 03726  0.1193  0.1186 09409 09365 02195 02197 0.0218 0.0216 0.0056 0.0056 0.0244  0.0244
S10 0.0360 0.0876 0.0871 0.0456 0.0436 0.1152 0.1153 0.0198 0.0195 0.0053 0.0053 0.0234  0.0230
S11 02959 0.1085 0.1078 0.7786  0.7748 02400 0.2471 0.0125 0.0123 0.0041 0.0041 0.0187 0.0184
S12 00692 0.0256 0.0254 02461 02454 03042 03049 0.0083 0.0082 0.0053 0.0053 0.0131 0.0129
S13 02823 0.0259 0.0258 1.5655 1.5582 0.3450 03452 0.0269 0.0266 0.0136 0.0137 0.2578 0.2535
S14 0.1446  0.0231 0.0229 0.1431 0.1482 0.0693 0.0693 0.0123  0.0121 0.0047  0.0047 0.0098 0.0097
Student's 7 test 0.978 0.896 0.992 0.921 0.989 0.979
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Figure 2 Correlation coefficient diagram of 14 batches of Cyno-
morium songaricum Rupr. Samples (P < 0.05, P < 0.01, ""P <
0.001). S1-S14: Number of 14 batches of Cynomorium songaricum
Rupr. samples. Positive values are shown in red color indicating
positive correlation while negative values are shown in blue indi-
cating negative correlation. The deeper color represents the greater

correlation
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Figure 3 Heat map and HCA analysis of 14 batches of Cynomorium songaricum Rupr. samples

Table 5 PCA eigenvalue and variance contribution rate

Initial eigenvalue

Extract the sum of loads squared

Princi
rincipal X Variance contribution Cumulative variance X Variance contribution Cumulative variance
component Eigenvalue L Eigenvalue L
rate/% contribution rate/% rate/% contribution rate/%
1 3.278 46.827 46.827 3.278 46.827 46.827
2 1.802 25.743 75.570 1.802 25.743 72.570
1.008 14.402 86.972 1.008 14.402 86.927
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Table 6 PCA factor loading matrix

First principal Second principal Third principal

Component
component component component
Gallic acid —-0.194 0.947 0.038
Protocatechuic acid -0.360 0.284 0.846
Catechin 0.823 0.019 0.246
Epicatechin 0.898 -0.271 0.174
p-Coumaric acid 0.875 -0.129 0.297
Ferulic acid 0.773 0.273 -0.305
Phloridzin 0.511 0.813 -0.138
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