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Abstract: This study aims to establish a characteristic fingerprint of the standard decoction of Cynanchum atratum and a
method for the determination of P-hydroxyacetophenone and 2 ,4-dihydroxyacetophenone, and to distinguish the standard de-
coctions of C. atratum ,C. versicolor ,and C. komarovii by characteristic fingerprinting, so as to evaluate its quality. A character-
istic fingerprint was established by ultra-high performance liquid chromatography (UPLC). Chemical pattern recognition anal-
ysis was performed on standard decoctions prepared from 15 batches of C. atratum slices from different origins using hierarchi-
cal cluster analysis (HCA) , principal component analysis (PCA) and orthogonal partial least squares discriminant analysis
(OPLS-DA). The results showed that eight common peaks were identified in the UPLC characteristic fingerprints of standard
decoctions prepared from C. atratum slices from different origins. Among them, peak 5 was P-hydroxyacetophenone, peak 7
was 4-methoxy-3-hydroxyacetophenone ,and peak 8 was 2 ,4-dihydroxyacetophenone. HCA divided the 15 batches of samples
into four clusters according to their geographical origins, which was consistent with the classification results of PCA and OPLS-
DA. A total of three common characteristic peaks affecting quality were screened by OPLS-DA, among which 2, 4-di-
hydroxyacetophenone and P-hydroxyacetophenone were determined as the quantitative markers. Compared with the character-
istic fingerprint of C. atratum standard decoction,the response value of peak 8 of C. versicolor was close to the baseline ,while

only peak 2 and peak 3 were observed in C. komarovii. The established UPLC characteristic fingerprint and content determina-
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tion method can be used for the quality control of standard decoctions prepared from C. atratum slices from different origins

providing a scientific basis for the quality evaluation of C. atratum resources and their related products.

Key words : Cynanchum atratum ;standard decoction ; UPLC ; characteristic fingerprint ; content determination ; chemometrics
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Table 1  Sample information
Plaf furce i No. Placzfi')[%)rigin me fime % No. Placifﬁoﬁgin
7 Sl INZR48 H T 4% S12 LT E BRIG T
C.. atratum Bec. 2 Wi H €. atratum Bee. s13 AT
s3 L4 A S14 LA BT
S4 BB N s15 LT
S5 T =N e S16 IR A T
6 ZHAE N C. wersicolor Bge. S17 IR H 8T
s7 LTI S18 %45 H BT
S8 AT T Nk S19 PG A VA X R A
$9 T TEELT €. komarovii $20 LM
Al Tjinski
S10 174 B i s21 TR M
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TR DL EE (A) 0. 1% WERRIA T (B) NI 30
A, BB EEVEI (O ~3 min,3% A—5% A ;3 ~8 min,5%
A—12% A ;8 ~13 min, 12% A—20% A ;13 ~21 min,
20% A—25% A;21 ~26 min,25% A;26 ~ 33 min,
25% A—40% A ;33 ~35 min,40% A ) ; i 8 k443
0.30 mL;HIEA 30 °C ;KK A 310 nm; AL =
M2 pL,
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24 h WHEA RIFHREE.
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Overlay chart of characteristic spectra for 15 batches of C. airatum standard decoction
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Fig.2 UPLC chromatograms of mixed reference substances (A) and standard decoction of C. atratum (B)
5. XTI W ;7. 4- A B3R HIR T 58. 2 ,4-ZF2 IR L, Note:5. p-Hydroxyacetophenone ;7. 4-Methoxy-3-hydroxyacetophenone ;
8.2 ,4-Dihydroxyacetophenone.
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Table 2 Similarity calculation results of standard decoction of C. atratum

%5 No. ARMLEE Similarity %5 No. ARMRLEE Similarity

s1 0.934 9 0.984
s2 0.946 S10 0.961
S3 0.972 s11 0.998
s4 0.961 S12 0.999
S5 0.999 s13 0.982
s6 0.958 S14 0.987
s7 0.951 s15 0.989
S8 0.989
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Fig. 3 Cluster analysis results of standard decoction of C. atraium



Vol. 38

PUFHLSE HET UPLC R I35 A3 e 00 5 1) R v 70 B AN BT 5T 1993

2.8.2 ERHOM

PRI 15 SEASIR] 77 1 300K A & bR o )
w8 AN (e e X 7 1) 06 TR AR | FRRR Z A L
T A ZE SIMCA 14. 1 048 50 B 3 44 it A7 43 #
HET PCA BER | 2 g4 A 7 B DTk (R X) 163
83.3% ,0* {5 0.605 >0.5, PiHARI R A %, 455
WE 4 Frs, 15 JEEES TR 40k 4 AR5 1 28

FEAR (ST ~S3) RIET IR, 55 2 KRS (S4 ~S6)
KV TG 5 3 EFEM (ST ~S9.S13 ~ S15) 3k
TEFIL TR, 58 4 RS (S10 ~ S12) K JEF
LTRSS T, FIL, AR RA CA 5 PCA
FHES A5, vl AN ) 7 i R A i 8 16 s o
DRIV SE B ERT 325 5 X 4,

L.MI (PCA-X)

\N_|/

St
'Y QiU

4 BEIREGT PCA BHE

Fig. 4 PCA score plot of standard decoction of C. atratum
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Fig. 5 OPLS-DA score plot of standard decoction of C. airatum
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Fig. 7 Overlaid characteristic chromatograms of four batches of C. komarovii standard

decoction (A) and three batches of C. versicolor standard decoction (B)
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Fig. 8 Comparison of characteristic chromatograms ; standard decoction of
C. komarovii vs C. atratum (A) and C. versicolor vs C. atratum (B)

B L AEFRIRIX B . Note:The red boxes in the figure indicate the distinguishing peaks.
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KRR BN FRIER L 7. 95 mg, BT 10 mL SRR A ik I A, DA AU AL bR
T I PR R 1 mL SRR LW 794,71 (V) R IR SRR R AR AR (X) iR £ 4E
g [T BB G REVRG RS R E 2,4- R LB SRR, A AR EETE N 2 O R R AT
2.65 mg, & T 25 mL s I BRI SR 1 mL & (WK 3),

2, 4-TFRHEIRT 106. 00 pg WX IR SRR, KE% 2.9.2 WEEER

I E A R IR T X BE S BV 0.4.0.5.,0.5, KB EC2. 47 R Bl S T, IR 2. 27 I
1.0.0.8.2.0 mL A% 2,4- IR WX FOEAMEE N 6 WKk, IF TR 38 iy g 1 A1
FREE 1.3.1.4.2.3.2.5.1.4 2.0 mL,Zr 98 25, RSD, Z5H45R, SR ZER 2,4- "I 2
10.5.5.2.2 mL siffirdr N BE R 20 B8 #8550, I WA AR RSD {E 435110 0. 35% 0. 86% , % 25 SR UE 5%
1 mL & X7 5% 52K 2 B 13.25,39.74 .79.47 . AN ES BRS B A A Se B 3K

158.94 317.88.794. 71 pg WYX ME SN R B 1 2.9.3 AR

mL % 2, 4- " H K LW 5.46,15.02 ., 49. 14 K B2, 47 TR AR A T, F IR 2. 27 30
53.00.75.10,106. 00 pg AOXF RN W, K& m TEIERMA, 251760 .2 .4 .8 12 .24 hiX6/4-Hf [H]
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Table 3 Results of linear investigation results
Do PR A
r Linear

Reference standard

Standard curve

range ( g/ mL)

X FRIEIE 2
p-Hydroxyacetophenone
2,4-TRER LI
2 ,4-Dihydroxyacetophenone

Y =17 681X92 082

Y =16 173X-20 416

0.999 5 13.25 ~794.71

0.999 7 5.46 ~106. 00

SHEATHEREDE  JF T 3 A I T AR RSD, 4551
SR R FEIR 2R A 2, 4- 5 LI 2, T 1) 04 T A
RSD 1HA3 50 1. 0% 2. 7% , Vi W HER 0 % U AE 24
h WEA RAFRE T,
2.9.4 ETHEMHEK

RSB FREL A K A (S3) il 2 B AR vEA I, 2
0.2 g, FATFRAE 6 13, #22. 47 W il £ A3 i
W, 4“2, 27 TR HEAT I A , 25 AR WoR X EEOR 2
B () -2 55 7. 05 mg/g .2, 4- I8 2 & &
(&5 0. 55 mg/g, & F L) RSD {E43 51
H1.3% 1.5% Ktk iz 5 i 7 s i B R AT
2.9.5 JmAteEpk X

KB REN RIER LW 7. 24 mg, BT 10 mL

SO, T R A R0 BRSOl 723,20 pg/ml
IR FREE R QB FEBIRE 2,4- R EER L
Fii 2. 78 mg, BT 50 mL HEIf T, in F R 2 20 3 R
UM 55. 49 pg/mL [ 2 ,4- " FR IR L IR
B 50 mL HETEHE, 43 SRR IR 21 2 ,4-— 5%
AR X TR 0.5.1. 0.1 5 mL, # T J5 FREL
AR (S3) Hil 2 AR EZ R 29 0. 1 g KW FRAE ,
AT 3 A, R 3 My, T 2. 47 WU ikl A, T
“2.27 TR AR E  THEAS B X R R TR 2,
4- T FR BT T B ST EIIRE [ SR 4353 R 96. 51%
97.84% ,RSD 435N 3. 1% 2. 9% , 1% & 45 R %
A S0 A IR TSR AT A 2R (L3 4)

R4 MELCKERERER

Table 4 Resulis of the investigation of the sample recovery rate

o L jj\ud)(}% EES [l % - Il
Component Sample weight (mg) ed Measured Recovery Average RSD(% )
amount ( mg) amount ( mg) rate( % ) recovery rate( % )
X HER TR 0.767 0 0.361 6 1.127 8 99. 90 96.51 3.1

p-Hydroxyacetophenone 0.764 9 0.361 6 1.1199 99. 14
0.768 5 0.361 6 1.124 9 99. 32

0.706 4 0.723 2 1.375 5 92. 34

0.707 8 0.723 2 1.384 0 93.36

0.711 3 0.723 2 1.391 1 93.90

0.761 4 1.084 8 1.8235 97.02

0. 766 3 1.084 8 1.842 6 98. 89

0.769 9 1.084 8 1.814 0 94.71

2, 4-ZFHIR LT 0.059 8 0.027 8 0.086 1 94.70 97. 84 2.9

2,4-Dihydroxyacetophenone 0.059 7 0.027 8 0.088 0 102. 07
0. 060 0 0.027 8 0.087 4 98.91

0.055 1 0.0555 0.109 0 97.11

0.055 2 0.0555 0.109 9 98. 54

0.055 5 0.0555 0.110 2 98. 59

0.059 4 0.083 3 0.136 2 92.25

0.059 8 0.083 3 0.142 1 98. 88

0.060 1 0.083 3 0.142 9 99. 51
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B 15 SEAS ] Hi A R R 25 B A e TR
i, T2, 47 T ) A S R, He 2. 27 IR
FEDE IE R 200 sk A5 B . ABE5ER FI MR, XF
ANTR 7 His PR R 5 (R R 0 TR it e PR 0 35
KOS 2,4-ZF2 52 2T 3 W R 43 1) 2 2t ot
FrE A (W 5) 15 AR H A 23k R 6
AR EZ P, KR I B AT 2,72 ~
10.94 mg/g Z[0],2,4- " FRFL 2K 2 W 19 & = T
0.30 ~1.75 mg/g Z 18], 5 E/R, HIl R4 H B
PR (S1 ~ S3) il 88 15 1 7] o o) 8 R
ZHA AR 2, 4- T R IR LAY S B,
T340, I T ST K R (ST ~ 89,813 ~
S15) il & B AR o 1 70 Hh X R LR A 2, 4-— %
BRI & A TR KO 5 2R 3K %™
M PR R AT E— 2D

x5 HRABNESSE

Table 5 Sample content determination results

i Content ( mg/g)

-
N SHEIEEZ 24—
p-Hydroxyacetophenone 2 ,4-Dihydroxyacetophenone
S1 10. 94 0.40
S2 8. 14 0.30
S3 7.10 0.57
4 4. 86 1.21
S5 5.17 1.13
S6 9.00 1.25
S7 2.72 1.23
S8 10. 55 1.58
S9 10. 76 1.75
S10 5.88 0.78
S11 9.54 1.27
S12 8.90 1.23
S13 7.53 1.43
S14 8.32 1. 66
S15 8.08 1.05

3 itit54ie

ARSI X UPLC €833 4% 44 v i) 0 20 A ( H -
0. 1% BEfR  H BE-0. 1% H R H FE-0. 1% VKSR ) |
1% F: ( Waters BEH C18 , Waters HSS T3, Agilent
ZORBAX SB C18) A& (28.30.32 ). i #
(0.28.0.30.0.32 mL/min) . ¥ M 3% K (276,310,

330 nm) ST T RGN E L AL T
FERY @I 0, e b i B 2 T T, R B IA
RO, DL g S0 T B AR R R P
KOTSRS 5 B FEAR , A it e BB A v el
FHBOF R AR 7 30 TR 4 A0 B I 1] 25
B AEATIRA T EE 5 200 2 9 B il i il 25 07
S IBGA T 10% B, R 5N 25 mL 5
FEICAYI ] 2 30 min

FRCE A C21 AR R OB A Y i 55 2
oy, Hod, Gy, S ARH AL S WA AL, 5 Pk
WS, HPLC 5 5 5 I 8 BE A 22 H T 2, Wk
YA S O MERE B w1 AR T DA 1 T P A
SYESIEY 5 A AR Wy ey D JE Bk s b LS T 2R A )
B, & HATITA B AP, BAT RAF RO e 5 4, {2
HARHO s X B2 iR B A
Py EBIE S ELAT R JIEL e AR A sl ok v s B A 40 WL
SEAEMIE M X R BRI A Y T A AU
Oy AR UM SR B T2 4- R R O
BHOE BUR BEE OIS 2GR FIR,
DI PR LR TR T 2, 4- 2 JE R < A A %) e
AT S RE S B R, T B A R
AN [)RAE I YT AR A T 2 B0 I A B
Wekase'™ O, A E 5T 1 PO 0 2R 2 R
2,4- TR S AN TR 7 AR o A
Vot 8 S IR b , () I I P 1023, ml SR
SRS AN [R] 7 AR RO i 2 B4 b v 7 ) o
o SRR A R MR R 19 AR TR R, 7 ph HC
BRI %2R B i B — R R
FR25 57, FHLL 7748 B L T 1 3 EROR i 5 8 94 20 711
H X PR IR R 2, 4- O 2 Y B 38 4
THL AT JR ST W S A% i RO AT k20
e

2 LTI AR SR A R AR R B R
W UPLC R Ak 1% A AT LUAT X 43 AN 7]
7 L R il 2 AR E S5 3 m] LSS A A
[7) e SR ity B R Oyt [R) I ST T 2 N RO
OB R E T3, O R R R A v 7
f T P AR A T A

IR AR B A b L) R B T £
ScienceDB 4% # & ( https: doi. org/10. 57760/sci-
encedb. nprd. 00026 ) ¥ 37 5] 3K B,

S 30k
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