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Quality evaluation of Cynanchum stauntonii by UPLC fingerprint combined with
multi-component quantification and chemometrics
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Abstract: Objective To establish an integrated analysis method of chromatographic fingerprint, multi-component quantification and
chemometrics, and to evaluate the quality difference between wild and cultivated Baiqian (Cynanchum stauntonii). Methods The
infinity LabPoroshell 120 AQ-Cis (100 mm % 4.6 mm, 2.7 um) column was used for the analysis, with an acetonitrile (B) -0.1%
phosphoric acid water solution (A) serving as the mobile phase. The detection wavelengths were 260 nm (0—14 min), 274 nm (14—
52 min) and 210 nm (52—70 min), flow rate of 0.5 mL/min, a column temperature of 30 “C, and injection volume of 7 pL. In this
study, the ultra-high performance liquid chromatography (UPLC) fingerprint of C. stauntonii was established with reference to
traditional Chinese medicinal materials, cluster analysis (CA), principal component analysis (PCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA) were used to evaluate the quality of 20 batches of C. stauntonii. A method for the determination of
six index components of C. stauntonii was developed and validated. Results The methodological verification of fingerprint and
content determination was good. The similarity of fingerprints between 20 batches of samples and the reference traditional Chinese

medicinal materials of C. stauntonii was greater than 0.737. A total of 14 common peaks were calibrated, and six index components of
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p-hydroxybenzoic acid, vanillic acid, syringic acid, 4-hydroxyacetophenone, 2,4-dihydroxyacetophenone and A-O-DCDT were
identified. The results of principal component score were consistent with the results of cluster analysis. The 20 batches of samples were
clustered into two categories, wild C. stauntonii was clustered into one category, and cultivated C. stauntonii was clustered into another
category. A total of five differential biomarkers causing differences in the quality of wild and cultivated C. stauntonii were screened
using OPLS-DA, namely chromatographic peaks 7, 8, 11, 12, and 14. Meanwhile, the results of multi-component quantitative analysis
showed that there were significant differences in the six indicator components between wild and cultivated C. stauntonii. Conclusion
The quality evaluation method, which combines UPLC fingerprinting, multi-component quantification, and chemometrics for 20
batches of C. stauntonii, is efficient, accurate, highly characteristic, reproducible, and stable. It can provide reference for the
improvement of the quality evaluation system for C. stauntonii.

Key words: Cynanchum stauntonii (Decne.) Schltr. ex H. Lév.; fingerprint; multi-component quantification; chemometric analysis;

quality evaluation; p-hydroxybenzoic acid; vanillic acid; syringic acid; 4-hydroxyacetophenone; 2,4-dihydroxyacetophenone
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F1 20 #AFHRER

Table 1 Sample information of 20 batches C. stauntonii

FEf s FEHL 4 (E) /(°) 4 (N /(°) SRR
S1 WAL BT H X 114.932977 30.840523 Hoks
S2 WAL BT RN X 114.807543 30.847243 ek
S3 WAL BT RN X 114.947682 30.849227 ek
S4 WAL BT RN X 114.834341 30.799711 ek
S5 WAL BT HrN X 114.828727 30.806261 ek
S6 WAL 3 X R 115.017949 30.778168 ek
S7 WAL X R 115.011626 30.784531 ek
S8 WAL BT R T 115.229697 31.326059 s
S9 WAL B KT RRI T 115.060572 30.987735 s
S10 WIALAE B KT RRI T 115.036971 31.032397 s
S11 WIAGAE BT X BRI T 115.120319 31.038154 ek
S12 WALE RN S HE 115.222776 30.871158 ek
S13 WALE RN E HE 115.196462 30.825275 ks
S14 WAL X TS B 115.346433 30.955400 ok
S15 WG B X T R 115.019569 30.779055 i8S
S16 TR AR e B 110.011238 25.797931 i8S
S17 IR A LT E R T B A 109.781561 26.153039 LT
S18 VY1148 5 i 4 R IX 103.085393 29.250803 g4
S19 WIALAE B X T BRI T 115.122909 31.502687 L
S20 WHALR BN A7 R 114.628653 31.245171 e

2 FAEEHR
2.1 BEXHG

tiE4E: Infinity LabPoroshell 120 AQ-Cis (100
mmX4.6 mm, 2.7 um); WA NLIE (B) -0.1%
R KV (AD, BEREVEMNE (0~5min, 10%B; 5~
12min, 10%~12%B; 12~16min, 12%B; 16~35
min, 12%~30% B; 35~49 min, 30%~53% B; 49~
65 min, 53%~82% B; 65~69 min, 82%~10% B;
69~70 min, 10% B); FllJ+: 260 nm (0~ 14 min)-
274nm (14~52min). 210nm (52~70min); 1A
JiLE 0.5 mL/min, A 30 °C; #FEE 7 L.
22 CREXRMIE/REEIE
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MG, 0 A, IO R B IR EE A N
20.6. 101.6. 153.1. 20.8. 71.2. 116.8 pg/mL K&
GO0 HR IR, PRSI
2.3 i @A RFIE
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T 50mL HZEHETZIH, K3 KB AR £
20.0 mL, %%, FOEME, §#E 12 h 5EE L

Ny

ol

40 min, JE&, FMOERE, AKEAETR CBEE
RRIIRE, B, 1L, ERAETEH 2mL H
FEVRAR, 1 0.22 pm fFFLUERE, EDYS.

24 IEYENERENL
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SEOIER. 3 SMOEE (FER) BB, 98
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TN ST, THEL& AT WA OR B I [ R W ) AR
1) RSD 4354 0.01%~0.09%. 0.67%~1.12%, i
RS % R

242 HEMWHRE HBANSKHK1.0g (S2), %
FRAE, $%“2.37 U E AT 4% 6 otk i,
F €217 TN g AR, LA 3 SIS
W, TH AT B & AT WA X OR B IR (i) AR 06 T AR R
RSD 4354 0.04%~0.27%- 0.33%~1.39%, M
FINEE SR

243 FEMRAE  BUARSKR 1.0 g (S2), K
FRAE, % “2.37 TR il s il s 1, 1%
“2.17 TR R ST HERE S AT, 4 AIAERI S S 04 2.
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Fig. 1 UPLC superimposed fingerprint (S1—S20) and reference traditional Chinese medicinal materials fingerprint (R) of

20 batches C. stauntonii
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Fig.2 Characteristic chromatogram of reference traditional Chinese medicinal materials and common model of tested

traditional Chinese medicinal materials
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2N REIRR, 3-HEHIR: 4-1 &R 5-4-ERLAM; 6-24-"REIHKLM; 11- A-0-DCDT.
2-p-hydroxybenzoic acid; 3-vanillic acid; 4-syringic acid; 5-4-hydroxyacetophenone; 6-2,4-dihydroxyacetophenone; 11- A-O-DCDT.

B3 HiXRiEE A) FEAXMEB&EAR B) UPLC Fig

Fig.3 UPLC sample (A) and chromatograms of mixed reference solution (B)

*2 20 #HtERTH SRS EERUEITNER
Table 2 Similarity evaluation of fingerprints of 20 batches

C. stauntonii

95 HAEZ G5 HAABAEE
S1 0.992 S11 0.941
S2 0.990 S12 0.945
S3 0.962 S13 0.992
S4 0.985 S14 0.996
S5 0.959 S15 0.874
S6 0.949 S16 0.848
S7 0.962 S17 0.926
S8 0.971 S18 0.858
S9 0.955 S19 0.903
S10 0.925 S20 0.737

25 ETHHEITEZMNEBIRESH

2.5.1 K25 #1 Ccluster analysis, CA) K SPSS
26.0 A, DL 14 DN ILH IR IR, DAFTT
Wi AR B AR el BN R, SR P 2R TR IR AT 3R
Ko, iR W 4. 420E Y 20 I, 20 BT
FEMB A 2 25, Hidh S1~S14 TA—2K, Nakiss
FIRT: S15~S20 oy—3, N4 M. B, Eid
R I B A SRR A AT REAT X O3

2.5.2 * B %+ 7+ #1 ( principal component
analysis, PCA) K H] SIMCA 14.1 ¥ fF, LL 14
AN I U () U TR AR N AR B AT PCA, B8 R2%x N
0.998, 0?4 0.608, 754 &l K #far & W& 5. 20
HEEATAT 78 2 28, 5REHEER - M+
A 152 B K /IR IR A U 7> 1 12> 04 11
(A-O-DCDT) >U§ 8> 14, X[y 2 FISZIAL
FHRMEICRIE 9> 13>104 3 (FHR) >k 4

bud iy
10 15 20 25

(=}
W

H !

S16 -

S18 |

4 20 HtEATFFREBLENIRE
Fig.4 Dendrogram of cluster analysis of 20 batches C.

stauntonii

(T&M]) > 10.
253 IR wEe/Z3f-H 3 (orthogonal partial

least squares-discriminant analysis, OPLS-DA)  &5&

RAIHTE PCA 551, DL 14 NI RO AR
HiE1T OPLS-DA, #RAFLENE R?y 4 0.858, HZYfiE
B RN 0.561, Ftill ) 0208 0.53, RIZEM A
B HIFIRATIZ . % OPLS-DA #7347 B #ii
6 (200 YO, REFALE, WA 6-A, OPLS-DA
BRI SR 46 R? A1 Q* 3 KT e A BEALHES 5 1) R?
02, FHESL OPLS-DA 1R o5 & #l-& T0
% . OPLS-DA 7377 K| LI 6-B. 45L& H], 204t
FIRTRE S 20 2 35, DL VIP>1.0 NrdE, 5355
AN TR EW S 735 N 12,7 11(A-0-DCDT).
8. 14, IRIX 5 Ao X X 43 B A 5 385 A R
TUEREK, LK 6-C.
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Fig.5 PCA score diagram (A) and load diagram (B) of 20 batches C. stauntonii
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Fig. 6 OPLS-DA permutation test diagram(A), score
diagram(B), VIP value plot(C) of 20 batches C. stauntonii

2.6 ZIBMRRSTHIEENE

2.6.1 %M A “2.27 T,

2,62 ROUEHMEFELE 4% “2.37 TN ikt
TRV, HU “2.27 TN 2% (R VR A E A VA
2 “2.17 WU g Al ERE AT, T A R
7N 6 PRI 2 B Eo bl WS FRPE R, 43 B B HA K
T 1.5, HEWHEREBEIAKT 8000, W1 3.
2,63 LMERRFER LMK, E2RMOTHE 7
W ETR A BE VAR 74 254 50+ 200+ 400+ 800.
1000 pL AN FFESARREZE 1 mL, % “2.17 Wi N i
PRI 5 D TRIAR s DA HEL IR B B AL A, WS THI AR
RNHPAERR, HATZRYERIE, S8 B 77 FE
AAMETOHE . ATIPR ., e R IE 3. 4iIREW, 614
S5 A E 0 N AR R R4

2.6.4 EEPEERIG  OREEWLE “2.27 TR TR
BN SR 7 ul, LSRR 6 K, iCSRIE AR .
SERNERERTR . FER. THR. 4-R7EXC
i, 2,4-—F2FEIK L. A-O-DCDT WEMHFH RSD
43N 0.70%-0.75%- 0.87%- 0.69%- 0.67%- 1.12%,
RUNZAEAG 2 R .

265 HEEMEH AN AK1.0g (S2), HH%E
FRAE, 12237 BUN 55 PATHI4% 6 otk s i,
2 “2.17 DU G KA, RHEREIR R
FHERR THR 42RO 2,4-FR 32K
A-O-DCDT A RSD 40514 1.30%- 0.39%-
1.18%- 0.33%- 0.33%. 1.58%, FRWHZ T EEE M
R4f,

2.6.6 FREMEEER HUASKMAK 1.0 g (S2), K%
FRAE, % “2.37 TR il s il s 1, 1%
“2.17 UM G RAREERE ST, 23 HE 04 20 4. 8.
12, 24 h R, DE IR HREA B REAHIR, &
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&3 20 #BRETH 6 MR HILM X RERRENIR, EERER

Table 3 Linear relationship test and limit of detection and limit of quantitation results of six index components of 20 batches

C. stauntonii

D%ix EYEp R? MR/ (ugmL™) EE8ER/(ugmL™)  ZLHEE/(ug-mL™)
X ¥R R R Y=88.675X—4.7496  0.999 6 0.000 5 0.001 9 0.15~20.68
ey Y=48.642 X—10.039 0.999 6 0.0013 0.004 4 0.73~101.60
TER Y=25.546 X—17.355 0.999 7 0.003 0 0.009 9 1.09~153.10
4-FR IR 2, Y=101.36 X—3.8258  0.999 6 0.001 1 0.003 6 0.15~20.80
2,4-"FRFEK M Y=88.049 X—8.150 1 0.999 6 0.001 1 0.003 6 0.51~71.20
A-O-DCDT Y=8.578 3 X—1.46 0.999 6 0.040 0 0.150 0 0.83~116.80

R, THR. 4RO 2,4- 253K 2.
A-O-DCDT W& FAfE) RSD 2514 0.29% 0.21%-
1.18%- 0.34%-. 0.29%. 0.26%.

2.6.7 INFEEIYEREFELE TR K 0.5 g (S2),
FEEME, AT 6 1, Ak E A SR & &
AHEE AR IR, FHER. TEHR. 45858%K
O 2,4-—FFIEZH . A-O-DCDT X FE SR
& “2.37 TN F kA IR, TR
[ 2% 2 RSD, XFRIERHR . FHER. T HE.

4-F2 IR O 2,4-—F2FEIK 21 . A-O-DCDT f[e]
WSR3 N 102.81%- 98.80%. 101.21%. 102.33%.
97.74%- 101.54%, RSD 1H7 7N 1.68%- 1.05%-
0.97%. 1.18%. 0.58%. 1.50%.

2.6.8 FEMEENE  H 20 HLEARFESBAR, %
“2.37 TUR 7 A I, % “2.17 TR
VA AFHERE BT, THERE R 6 FhRAR L 1 &
GERER 4. WEFA L BRIEBARTT 6 FhEEFRE 1
SEMTIE, SRLE 7. EREH, 14 fER

Fz4 20#EAFHRT 6 HMETHEEMNELR (XLs,n=3)

Table 4 Content determination results of six components of 20 batches C. stauntonii (X £ s,n=3)

i U (ng g ™)

H S e m FHT TEm SRR 24 —FRELM  AO-DCDT
S1 5.14+0.04 30.431+0.23 22.201+0.25 2.40+0.02 10.26+0.06 66.941+0.85
S2 5.81+0.11 33.284+0.32 22.344+0.18 1.56£0.00 8.201+0.03 21.78+0.33
S3 6.77£0.08 47.76+0.95 31.75%+0.25 2.51£0.02 10.6410.16 73.13%0.16
S4 2.45+0.03 25.65+0.25 20.471+0.36 1.51%0.01 4.761+0.01 73.15%0.60
S5 3.31%0.02 26.121+0.04 19.254+0.25 3.79+0.04 17.9240.03 33.041+0.20
S6 3.50+0.03 26.421+0.35 16.22+0.12 2.18+0.01 11.76£0.00 69.701+0.34
S7 4.61+0.05 27.401+0.53 15.25+0.10 1.854+0.03 3.10+0.03 68.161+0.59
S8 3.76+0.05 28.261+0.43 20.671+0.31 3.77+0.07 10.92+0.15 68.991+0.30
S9 5.83+0.05 31.511+0.27 27.461+0.32 2.09+0.01 3.97+0.02 75.26%1.14
S10 7.131+0.01 36.601+0.06 31.3940.30 2.15+0.02 3.11£0.05 35.981+0.15
S11 8.141+0.16 30.091+0.84 18.50+0.30 1.4140.03 2.02+0.07 49.45+1.93
S12 4.68+0.01 27.73+0.34 16.66+0.32 2.15+0.05 4.89+0.10 61.091+4.31
S13 7.44+0.08 42.05+0.73 22.651+0.41 2.51£0.02 8.451+0.02 56.22+1.63
S14 7.50+0.03 40.321+0.16 22.11+0.26 2.86+0.08 11.71£0.37 5241%7.52
S15 3.54+0.04 26.521+0.38 25.681+0.23 1.4810.01 6.35+0.06 16.481+0.28
S16 3.19+0.06 12.0540.26 19.1840.15 1.74+0.03 2.74+0.02 19.954+0.36
S17 5.69+0.03 11.4040.27 15.024+0.20 2.83+0.88 4.58+0.05 22.861+0.08
S18 5.36+0.07 57.651+0.98 56.231+0.92 5.23+0.12 10.381+0.02 21.35+0.26
S19 4.27+0.08 29.58+0.95 24.844+0.53 3.02+0.08 6.18+0.13 26.70+0.34
S20 2.2440.01 13.301+0.04 19.314+0.00 1.9940.01 10.16+0.02 25.381+0.11
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Fig. 7 Content determination results of six index components of 20 batches C. stauntonii
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