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Abstract: Objective To establish UPLC fingerprints of Cuscutae Semen and Cuscutae Semen stir-frying with wine, and to study the
changes of chemical constituents of Cuscutae Semen before and after processing by multivariate statistical analysis and quantitative
determination, so as to provide reference for quality evaluation of Cuscutae Semen. Methods The fingerprints of 15 batches of
Cuscutae Semen stir-frying with wine and 15 batches of raw Cuscutae Semen were established and determined by UPLC. The
chromatographic column was Thermo Accucore™ Cig (100 mm x 4.6 mm, 2.6 pm), the mobile phase was acetonitrile-0.1% phosphoric
acid water, column temperature was 30 ‘C, gradient elution, the injection volume was 2 pL, and volume flow rate was 0.4 mL/min.
Segmented wavelengths were used. The fingerprint was analyzed and evaluated by similarity evaluation, hierarchical cluster analysis
(HCA), principal component analysis (PCA), and quantitative determination of nine main components to find the difference
components before and after processing. Results In the established fingerprint of Cuscutae Semen, a total of 19 common peaks were
matched. The products from Ningxia and Inner Mongolia showed a high similarity. In the cluster analysis, Cuscutae Semen could be
clearly distinguished from Cuscutae Semen. The four principal components extracted by PCA can be used to distinguish raw and
processed products. Orthogonal partial least squares-discriminant analysis (OPLS-DA) can also be used to distinguish the eight
different components of Cuscutae Semen before and after processing, according to VIP values, they were ranked as peaks 1, 10, 2, 5,
8 (cryptochlorogenic acid), 4 (neochlorogenic acid), 18 (quercetin), and 17 (isochlorogenic acid C). The results showed that the contents
of hyperin, isoquercitrin, quercetin, neochlorogenic acid and cryptochlorogenic acid increased, while the contents of shikonin,
kaempferol, chlorogenic acid and isochlorogenic acid C decreased. Conclusion The established UPLC fingerprint and content
determination results are of great significance for the quality control and overall evaluation of Cuscutae Semen and its processed
products.

Key words: Cuscutae Semen; Cuscutae Semen stir-frying with wine; UPLC; fingerprint; chemical pattern recognition; quality
evaluation; similarity evaluation; hierarchical clustering analysis; principal component analysis; orthogonal partial least squares-
discriminant analysis; hyperin; isoquercitrin; quercetin; neochlorogenic acid; cryptochlorogenic acid; shikonin; kaempferol;
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=1 AMER
Table 1 Information of medicinal materials

s %L
FEHL AR S
FHT T

ST WHH 2021-09 IWARKREZLVAERAR  IS1
(35 21081902)

2 THE  2020-09 LEEZEM JS2
S3  WZEW 2020-09 LEIZEM JS3
S4  AZE  2020-09 LHIZIN Js4
S5 WZEW 2020-10 JibeE JSs
S6  WZEW 2020-10 JibeE JS6
S7  WZEl 2021-10 HXE Js7
S8 MZE 2021-10 HE Js8
SO  AZEE 2017-10 HXR JS9
S10 THE  2017-10 BX Js10
S11 MZEl 2018-10 HE Js11
S12 TE 201910 HXE Js12
S13 TE  2021-10 HXE Js13
S14 TE  2021-10 HXE Js14
S15 TE  2021-10 HXE Js15

2 HESHR
2.1 @Y

Thermo Accucore™ Cs 154 (100 mmX4.6
mm, 5pum); FEE 30 C; WBIAEN 0.1%BER /K
Wi-2 8%, BEEVEDL: 0~22 min, 95%~85%Z.J:
22~35min, 85%~80%/.M5; 35~40 min, 80%~
62%E; 40~50min, 62%~45%Z.ME; BEFEAR
2 uL; EFURE 04 mL/min; BIEK: WILAHKK
326 nm, 20 min B} 5B KN 256 nm, 33 min B} 5
KA 326 nm, 38 min I B el K 360 nme.

2.2 I GEARAE &

BURE R GED0506) 291 g, B 50 mL &=
R, I 80%FHEE 40 mL, AR ALEE (ThE 500 W.
% 40 kHz) 1 h, B4, N 80%HEEZRZIfE, #&
5y, e, yEWGE 0.22 pm SAFLIERE, BRAEHLRE
pEaST L
2.3 SRAXEBRIBRNEIE

FEERRE S A E R, B AR R A
Xof S VAT, S R JEURR 0.281 mg/mL. 415 R 0.805
mg/mL. FE4EEE 0.206 mg/mL. 42 8kH 1.000
mg/mL. S E 0.186 mg/mL. HEIEH 0.321
mg/mL. F4EMR C 0.222 mg/mL. Hil & 0.175
mg/mL. &% 0.198 mg/mL.

24 GZ4FIOFIRIRIEYEEMR

24.1 FEEREAL FEMEL IS4 (%2 T 4 5
FEGD MR 1g, #% “2.27 TR J7 ik & AR i v
W, BEEHERE 6 IR, BRI RR HLA RSB AR T
13 S & 22 kI NS BRI, DA 0 (A X R
FAIFIA] RSD 5 <<2%, AHXFIEHEFR RSD ¥)<3%,

L INEI T R A RY TR

242 HEEMWRAE HEWIIS4AHMAK g, FIT76
By, 4% “2.27 TR 7S] 5% SOEE R A, HERED
E, L 13 SE&u ik S RIE, tHEARIAIER
FHRHAE BEINFA] RSD 19 <<2%, FHATIE AR RSD #1<
3%, RFAMITVEEL MR

243 FoEtiag  H IS4 AT, E 0. 2.
4, 8. 16- 24h it rEdle, BL13 Saaikih
SR, THEEIE AR B RSD 1<
2%, FHXTUETHIAR RSD $5<<3%, RIS
24 h WEE M RIF.

2.4.4 UPLC fREUEHE 1 E T K i ifife il - Y
“2.37 WUNRAX M RIER, 1% “2.17 DUN A%
PERERENE, HENRA TS AR (- D,
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4-neochlorogenic acid 6-chlorogenic acid 8-cryptochlorogenic acid

13-hyperin  14-isoquercetin  15-astragaloside ~ 17-isochlorogenic

acid C  18-quercetin  19-kaempferol, same as Fig. 4
E1 RexRmeaigE
Fig.1 Chromatogram of mixed control samples
Fg 227 WU T Al 15 AR T
(S1~S15) Ml 15 fLifi#E22 1 (JS1~JS15) ik fh
T $% €217 BUN Bl &3, 193] UPLC
Kl. % UPLC B3 (b2l 45 20 B AR BURE O
&4 (2012 [OY, AL S1 F1IS1 NS E
i, R AEEMNZ SRR, B R RN
0.1 min, X €& 3% EHATICHED, 2528 15 LAz %2z
T (S1~S15) fRaEiESmEs 15 #ilske 1
(JS1~JS15) FRErEuE S n i J & B HERRAE B 3k
(B 2~4), LB 19 MLakE, HpAEH2Z 115
NI (E 3, 4. 6~17. 19), 16 MEH IR
227 (I 1~9, 11~19), Zxt iR tLxs, LA
4. 6. 8. 13~15. 17~19 SIHUE, 4Rk )RE
R, SRIEFR. BRSRIEER. S2ephir. FMltr. &
T, FEREER C. M AL 25/ .
2.4.5 HIBUEFA & HCA  FIH (b2t acd
6

3 11 113
15 19
9 10,014 116 17 :
__"Lﬁ_‘wlﬁfpmhwj.!.}ﬁluam_;am.U_ ,,,,,, [ sis

t/min

2 EHLTIRYEE

Fig. 2 Fingerprint of Cuscuta Semen

3 ERLATHRYEEL

Fig. 3 Fingerprint of Cuscutae Semen stir-frying with wine
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Fig. 4 Control fingerprint of Cuscutae Semen (A) and (B)

Cuscutae Semen stir-frying with wine

WAL RE 28 (2012 FRODY, 2 HIEHE 15 HLil
Yrr 5 15 HLA S T IARURE, 255 15 kAR
22 F-(S1~S1S WAL 735174 0.965.0.659.0.994
0.975. 0.996. 0.972. 0.976. 0.987. 0.995. 0.879.
0.992. 0.987. 0.888. 0.964. 0.991; 15 #LiF#E 22T
(JS1~JS15) FIAHMLEE 414 0.989. 0.836+ 0.996.
0.970. 0.987. 0.985. 0.985. 0.984. 0.998. 0.876.
0.999. 0.984. 0.978. 0.989. 0.994. AHALREELE R %
B, BRT B =X REE 2 fAE Ak, HAbHb kA g2
R % 22 AL R 2505 v o

H 30 HLFE A 1) 19 M ILA IEIE AR5\ SIMCA
14.1 AT HCA, 4% (K5 SR, #H4T
A S RN — 2K, SRR IR
JE BT R AR AL
2.4.6 AH LTS 22T UPLC 8K 1 PCA
¥15 HAEBELL TRESAT 15 SR TR 19 A
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Fig. 5 HCA of Cuscutae Semen before and after processing

HAT ISR S N SPSS 21 #ffF, 43 KMO
Bartlett 7%, KMO=0.668>0.5, P<<0.05, F&HI7
BT Mr A, " LT PCA. KA I hriEql
A PRJEHEAT PCA, 5 3 B RRAEAA K 5 22 DUk
R, R IER 2. DURFIE(E > 1 AbsE, 3T E R
PEEL $RHUCH 44> F 5Ly, BRARATTRR AL £ 89.170%,
AR 19 MERER FEE R,

FH 3= By PR 8 JE R (3R 3) ml%n, 2. 5. 8.

*®3 EMSETHEER

Table 3 Principal component factor load matrix

e PR 7 3847
T ERS2 ERH3 ERN4
1 0.767 —0.363 0.276 —0.237
2 0.939 —-0.207 0.055 0.119
3 0.129 0.932 0.228 —0.001
4 0.717 —0.446 0.417 0.060
5 0.956 —0.188 0.023 0.116
6 0.011 0.874 0.400 —0.091
7 0.500 0.602 0.345 0.332
8 0.881 —0.293 0.170 0.131
9 —0.659 —0.061 —0.066 0.076
10 —0.870 0.410 —0.005 0.069
11 0.291 0911 0.238 —0.076
12 0.135 —0.218 0.483 —0.810
13 0.605 0.739 0.235 0.041
14 —0.011 0.213 0.930 —0.011
15 —0.540 —0.421 0.703 0.113
16 —0.599 —0.286 0.701 0.104
17 —-0.723 —0.080 0.521 0.195
18 0.848 —0.326 0.123 0.201
19 —-0.379 —0.673 0.485 0.140

(PC3) 52K, 12 SUERX FE R 4 (PC4) 52mK,

FIH SIMCA 14.1 3415 2] PCA 15457 (| 6), A
BB X A e 1 AR v 1 Hoh S2 FE SIS
TG 2 Ak, 5 HARRE AN, Wi S2 53
fFE PR E R, XSRS
“R 3.

2.4.7 TR LT UPLC $RSUEIER
OPLS-DA  7F PCA %At Ej3t—35 | ] OPLS-DA %t
15 L L2 1A 15 HLAE S 2 PR IEAT b, &5

10+ 18 St F s 1 (PC1)
WX T Rl sy 2 (PC2) SEMRER, 14 S} F a3

Table 2

ik, 3.6+ 115

®2 EMSHEHERFERTEHE

Eigenvalue and variance contribution rate of

principal components

oy RHEE T ETTRE % R E SRR %
1 7.636 40.192 40.192
2 4.954 26.074 66.265
3 3.333 17.544 83.810
4 1.019 5.361 89.170

6

R 7 Pros. PFr S p R o RAERERE 1125

- sl ~
51856 WS4 8 \
2 m %055 \
g3S7MSE 13314 \
= [ Sl s @5, @184
=] SIS s ‘s’ ng
‘ 159 @S7IS15 /
-2
\\ S10 m 51008 181 /
s13 JSZI -
[
Iy T
-8 -4 0 4 8

t{1]

6 THLLTIERELTH PCABHE

Fig. 6

processed products by PCA

Score scatter plot of Cuscutae Semen and its
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Wl = =~ - — =
== — g g
By

7 OPLS-DA HTHIERE. B57E. VIP EE
Fig. 7 Permutation, score, and VIP value charts of OPLS-
DA analysis
Ryeum N 0.868, R?yeum N 0.977, TN G8 I ZHL O%cum
9°0.959>0.5, UEMIIRER A R .

i B ek (EHRECN 200 U0, R2ANQ?
BEEE DTN 0259 (<0.4) F1-0.7 (<0.05), Fr
A R A O W A i AR T ctid, TEEA I
MEIG . @S OPLS-DA F-#r 455 B w J1, A&
B2 5L TR R IX )

PALAF & B B (A (projection value of
variable importance, VIP) >1 AbrifEfiiik 2 54 ik
gy, LG 8 NEFAREN, eIl Rl b 22 1A
T oy ZE R I EE Ry . SUmR E R
W 1> 10> 5>U% 2>0% 8 (FASEERR) >k 4
CHreglaimg) >0 18 (M) >0 17 CraxfRiR
C)o WEIRIL, W 1. 2 A8 A BI85y

mn PEE 10 AR ER, WK E S BRI,
25 MEFIEE 9 MEERSTEENE

251 %A A “2.17 T

2,52 MHAmEE S [ “2.27 T,

253 ZMERRFBER  REVEH SRR SRR
BRI &2t Rk e, KxwE. 7
JREE C. Mz LR RIS &, 80% H
figt, IR EIREE AT AN 1,17, 1150 1.03. 1.00.
0.93. 1.07. 1.11. 1.17. 0.99 mg/mL [ FA %} 5
Wl D22 BRFIEIACA 1, TS AR 70T
U5 e Bl I LUl e R, AR LBl oE R 4
IR G B 5 0 AR, B S mL BT ER,
e ) SR IR B 2 i 56.2. 161.0. 42.0. 35.04
37.0. 44.0. 39.0. 64.0. 200.0 pg/mL [V A% I8 5
B, K% EDURG XTI s, A LU R
(773, DL 80% FH B R RE 1] e SR 41 0T R SV, 2
A% “2.17 TR Gk KRR E, DO IR
JRAEEIR B ONBE AR RS (XD, VETH AR E N AL bR
(Y, ZhilbriErh 2, FATEMERIA, 15305 1)
RN R B T 4 R R Y=12.258 X—1.375,
R?=0.9996, £t 2.808~29.765 pg/mL; 43R
f2 Y=14.501 X—3.188, R*=0.999 8, £:75H
8.050~85.330 pug/mL; [R4¢ 5 Y=10.428 X—
1.782, R*=0.999 8, Zk 147 H] 2.060~21.836 pg/mL;
S Y=17.314 X—27.960, R2=0.9990, kit
JEEE 10.000~106.000 pg/mL; S 7 FH Y=12.067
X—24.178, R*=0.999 3, LMl 6.324~24.180
ng/mL; % 7 3EFF Y=10.145 X—3.458, R2=0.999 4,
LTI 1.926~78.966 ng/mL; REEEEE C Y=
11.827 X+6.022, R2=0.999 0, Z1EyulE 1.332~
27.972 pg/mL; Wil ¥ & Y=13.379 X—0.283, R?*=
0.9995, £V 1.053~22.113 pg/mL; ILZEM Y=
14914 X—12.421, R*=0.999 3, Zkit:Jul 1.188~
48.708 pg/mL.

254 FEERE. EEM. Rersg AEERER
“24.1. 242, 2437 Wi, 03B AR IR,
HHH %16 RSD. A3 % UEAE 2 5 RSD<<1.90%,
HE M RSD<2.74%, et RSD<<1.93%, F X
AIEEE . NIEEENE. PR RRE R
255 INFEEIREFELE  KEERRE 6 i CE 9 A4
EARECT ) IS4 FERL S 0.5 g, IIASFEM & &
FHIE B RS &, 3% “2.27 TR 735 AT il 4
6 UM ARSI, % “2.17 TR B S EERE I
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JEFFIL R A O I A, THEAS B AR R . Sk
JRER . BRSREIR. 22 ph . S, Bt
SRR C Mt R L 2B -3 At Rl 2 75
AN 98.26%- 99.50%- 100.67%- 99.69%- 100.26%-
100.34%- 101.09%- 99.14%-. 100.94%, RSD 43
K 1.46%- 1.48%. 1.95%. 0.79%- 0.33%-+ 1.72%-

1.61%. 1.68%- 1.33%.
2.5.6 FEALIIGE %R “2.5.27 WK 74 15 it
B2 F (S1~S15) K 15 #EiF %221 (JS1~1S15)
FEM AU, 1% “2.5.17 TN itk 24455l
BT ERENE, H5E 9 M sEbR g &, Sl
JEERIE 4.

x4 HERAIBMNELER

Table 4 Results of sample content determination

BekENg, SRR BSR4/
#t5  (mggh (mg-g™) (mgg™h (mg-g™h

S
(mg-g™")

KA FEER O MR R/ L 22/
(mg-g™h (mg-gh) (mg-g™) (mg-g™)

G U - U - |

L O - I O - - O - <O |

O 0 9 N N B W N~

e
A LW DD = O

0.273 0.687 2.665 1.357 0.250 0.698 2.667 1.767 0.811 0.561 1.082 0.710 0.148 0.084 0.093 0.683 0.310 0.358
0.634 0.783 1.098 1.450 0.399 0.494 1.085 1.439 0.926
0.325 0.441 1.827 1.649 0.314 0.413 1.579 2.122 0.644
0.236 0.610 1.368 1.557 0.212 0.743 1.703 2.668 0.544
0.137 0.471 1.580 2.448 0.359 0.605 1.335 2.427 0.502
0.313 0.838 2.530 1.894 0.190 0.872 1.953 2.136 0.777
0.197 0.687 1.828 1.826 0.178 0.941 1.438 2.071 0.509
0.327 0.573 2.158 2.374 0.233 0.529 1.887 2.531 0.615
0.320 0.776 1.786 1.748 0.232 0.679 1.630 2.062 0.567
0.368 0.766 1.283 1.496 0.295 0.670 1.184 1.655 0.740
0.421 0.779 1.614 1.834 0.257 0.674 1.336 2.190 0.569
0.208 0.684 1.407 1.369 0.140 0.859 1.543 2.635 0.396
0.303 0.787 0.771 1.064 0.252 0.521 1.209 1.311 0.481
0.255 0.680 2.626 1.870 0.245 0.650 2.657 2.380 0.858
15 0.420 0.842 3.342 1.735 0.204 0.896 2.928 2.448 0.920

0.850 5.450 3.264 0.425 0.213 0.254 0.372 2.545 1.645
0.655 1.770 1.034 0.234 0.108 0.107 0.326 0.471 0.462
0.691 0.736 0.334 0.139 0.075 0.083 0.702 0.487 0.244
0.696 1.215 0.710 0.158 0.102 0.135 0.533 0.612 0.374
0.750 1.149 0.664 0.181 0.120 0.049 0.490 0.104 0.104
0.707 0.746 0.661 0.148 0.059 0.048 0.474 0.272 0.103
0.717 1.207 0.790 0.163 0.000 0.075 0.191 0.375 0.284
0.670 1.239 0.944 0.191 0.147 0.073 0.473 0.457 0.508
0.710 2.510 2.343 0.236 0.113 0.158 0.557 1.906 2.052
0.748 1.534 1.330 0.222 0.101 0.094 0.362 0.764 0.641
0.509 0.369 0.205 0.155 0.051 0.001 1.000 0.203 0.181
0.475 1.611 0.988 0.122 0.082 0.184 0.330 1.071 0.732
0.681 1.048 0.718 0.142 0.101 0.089 0.319 0.310 0.221
0.689 2.865 1.085 0.393 0.132 0.075 0.730 0.548 0.598

2.5.7 GuilEEabt 9 AN ERAHEHI TS I S R
ITHCXS ¢ K56, 45 (£ 5) BoRERR IS Hrat R
2. FastRlR. SeRlR C Ml ar 5 HA i w2 %
7 (P<<0.001), ZRIFEFRICHHE 25 SIS Reo it
FEAAWEZEZS (P<0.001), £, &4
PR EA R E R (P<0.05. 0.01), SHi L

x5 ERIHEIERY ¢ 1450
Table 5 Paired #test table of different characteristic peaks

e D%y 5 HHE P
4 BRE  HSER 12.010 14 <0.001
6 MK SER -0.864 14 0.402
8 ML KRR 7.826 14 <0.001
17 W HEERKRC -6.180 14 <0.001
13 WK &by 2.549 14 <0.05
14 W R 0.430 14 0.673
15 B LR -3.768 14 <0.01
18 W MR 6.451 14 <0.001
19 B LEMm -1.983 14 0.067

BES. B HEH, L TR GRS
Ik TMCE . W RS RN, BaT
HANL B & ERRC MRS, e R
Ba ok SR IR & BN, % R R AN S SRR R C & PR
3 e
3.1 AR

il DAD Hi RIS IRER . FRat)ER. Hisk
. &R EE C 7E 326 nm FAH &AWL, &4
PR B geE ., MR 256 nm A EKK
. it AL 28 AE 360 nm K N AT BRI,
R, SR o Bl Kb AT H8 SUEIE F 72 9 R JEA T
SEME, DA HI TS A o (AR A AT
ot R o
3.2 1EHETERMUEER IR R AR T RIELE

BT RS LAR S, lid AR,
RERE W X T 8 22 1 o A S 2 1 AR SE SRR
W, BREE 2 fbAh, A HLURE S B S A AL 2
B BRSO R B X ol L TR S 2T,
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{5 2 HEREA AR, UEHAZE 2 A S HAth
FERTEAE R 2 5, XATRE S5 2 HLFE M A i 3 AR
A Kl PCA #eHUH 4 AN FRsyr, kA
TR % 227 WIS [X 43 s OPLS-DA 7R il A= % 24 1
5%z RIX 5, BT VIPE, ikt 8 &
SRRy, SR P EHE T 0T g 1> 10> 5
2> 5>06 8 (RRERIERE) > 4 CHerliig) >
18 (Mt =) >U§ 17 (FREEEEE O).

R A RN, KMEL IR S
AN S (R B R R sy, PR SRR IR . BT
SRR A R RN, IR BN AR S A R R R 1)
SRR R o R R S A AR i R A A b, M
PR G A i, FEEERC, HE
JRBR 2343 it B 4 SR TR AN B 2 SR R U171

B RAr  A  EE  S R SR
Al RE IR R B I 2, TS B0E H R
A . T e 2 R =, TR S A
Wiz 2% G5 K () SR 2R o 2 o i Ja P2 AR DS, X
W5 A A4S R — 80, MG H RN # LT
T A PR AR S 98, U0 B RS 1 o) A PR
FR A N B 2 AN EH FEAE I 3 20 R 7

zi PR, AR seiEid UPLC $e o B il ar,
X0} B 22 - M T IS A 2 o0 A T 0 M e B T
RIMF 22 INH G KA RN, 545
TEEROR ZE 7, X 5 HTHAAE OCHH 7 — 2021, 17
I8 H B PR AR 1 22 R e, 1L 20 5. 10 R
L5 S0 6] AT S5 R g AT AT I S B o DA
JE o AT — B FEFE LA T % 22 1 i M LR,
NG BB HI T 5 25 %A I W R 42 TR bR
P ER S

RBAR FAEH ARG EFE TR
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