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i E: BB @SLABK Cynanchi Atrati Radix 3G A EIE  (high performance liquid chromatography, HPLC) 84Kl Al
Lo S ENE T, da R K E . 57 KA Waters-Symmetry-Cis (250 mmX4.6 mm, 5pm) it
DL ZH5-0.1%BE /R 7K J9 i s ARBE BE e, AR A 1.0 mL/min, #6925 °C, #EEEE Y 20uL, RAEWK Y 270, 310 nm.
JE I 2R SRS ARABLRE 73 B Bk A B Ak 2 AR 0T 26 ik EBROR HEAT 04T, FERI SR A AMRE DI E Hoh R X FR AR OR
LR 2,4- R ER O . R 26 AR TRGUEERRE T 14 NMUEWE, Bl THP 3 M, 5308 RE (5
S, WRIEE A (9 S, 24-TRIEFK A (12 F0§), MR 0.626~1.000; KIEEIHT (cluster analysis,
CA). FER4r 3 #r (principal component analysis, PCA) Fffits /N —3i%E- A5 /341 (partial least squares-discriminant analysis,
OPLS-DA) #5 T H 26 HLEFRU T 408 2 KK, Tkt 4 AN F sy, RFATTBREE 80.652%. HARU A HHIRE . WHEHER L
B A 2,4- —F 3L AR BN 0.14~0.29, 1.74~2.74, 0.25~049 mg/g. &5if  HSTHIETR HPLC $E40ERE /3 b
PEfRI S S ATEE, v BRBE IR B H AR DG W i PP S gt T AR 40

KR A oA SENE; R EREKAW; 24-TREK AR FREITM
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Quality evaluation of Cynanchi Atrati Radix et Rhizoma by HPLC fingerprint and
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Abstract: Objective A high performance liquid chromatography (HPLC) fingerprint and multi-components content
determination method was established quality control of Baiwei (Cynanchi Atrati Radix et Rhizoma) combined with chemical
pattern recognition. Methods The HPLC method was performed on an Agilent 1200 series instrument equipped with a Waters-
Symmetry-Cis (250 mm x 4.6 mm) column employing a gradient elution procedure with acetonitrile and 0.1% phosphoric acid
in water as the mobile phase. The working parameters were set as follows: the volume flow rate at 1.0 mL/min, the column
temperature at 25 °C, the injection volume at 20 pL, and the acquisition wavelengths at 270 nm and 310 nm, respectively. Totally
26 batches of Cynanchi Atrati Radix et Rhizoma decoction pieces were analyzed by fingerprint similarity analysis software and
chemical pattern recognition, and the contents of uridine, p-hydroxyacetophenone and 2,4-dihydroxyacetophenone were
simultaneously determined by external standard method. Results The fingerprints of 26 batches of Cynanchi Atrati Radix et

Rhizoma decoction pieces were characterized and 14 common peaks were pointed out, three of which were identified as uridine
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(peak 5), p-hydroxyacetophenone (peak 9), and 2,4-dihydroxyacetophenone (peak 12), with the similarity ranging from 0.626

to 1.000, respectively. Through cluster analysis (CA), principal component analysis (PCA) and partial least squares-discriminant

analysis (OPLS-DA), the 26 batches of Cynanchi Atrati Radix et Rhizoma samples can be classified into two major groups, and

four principal components were screened out, with a cumulative contribution rate of 80.652%. The contents of uridine, p-

hydroxyacetophenone and 2,4-dihydroxyacetophenone in the tested decoction pieces were ranged from 0.14 mg/g to 0.29 mg/g,

from 1.74 mg/g to 2.74 mg/g and from 0.25 mg/g to 0.49 mg/g, respectively. Conclusion The established HPLC fingerprint

analytical method for qualitative and quantitative control of Cynanchi Atrati Radix et Rhizoma is simple and reliable, which

could provide a basis for the quality evaluation of Cynanchi Atrati Radix et Rhizoma resources and the related products.

Key words: Cynanchi Atrati Radix et Rhizoma; fingerprint; content determination; uridine; p-hydroxyacetophenone; 2,4-

dihydroxyacetophenone; quality evaluation

FI Ok o B B RS ok ik B MY B S Bk
Cynanchum atratum Bge F1 =4 1% C. versicolor Bge.
(PITIEERR SARZE, FEREA IR ARIZ R 52, HA%TE,
MR i, FAATERRIL. FIPRERM. AR T2 M
Uik, AT TR E K BIEARH B 28573 72
Ja IR Pk, IR, JFRE I EE SR YR T,
WA R B A Co SRR HRR)
FERIMB), AW | F5 8IS iR R O4E,
S HORFEIR AL, Hrag B, TR Tl R
P00 e gl A5 P 1Y) 3 ) A

SiahiZ s 2R SRHMETT R 2 BT E Y
BIFFE0 T 24 it o Azl AR 24 35 B S 3

([ 245 8.) 2020 AERRAUSCT: T FRRGMIIPIR ) %
L, X AR R (R E PR AN E T TS I EEK
BRI T2 B AN S ROBAH €43 (high performance
liquid chromatography, HPLC) 43T H] FR L2257
SRS BN A OCHH T O —LafRIE 1o, [E i
A REARZ TR 2 M E & J HPLC fRaU&iE
W FCHISCHR, T 25 HPLC faSURIRE (A bE . B0k
PEARFIE AT SIS Hh 24540 27 i o RS BRI, Frh2dy
HPLC 84K 5 2 iy e B ARG s
X2 AT SR G PN BT RO, BT,
RWFFCR HPLC VEEESL T R AR 2 sy itk
1740 M HPLC 488URIE, FFas SR, &
Fr#H (cluster analysis, CA)+ =731 (principal
component analysis, PCA). fife/N 35 5 Hr

(partial least squares-discriminant analysis, OPLS-
DA) WHHATLRE VAN, RINEEE 7 A=t H IR
FR 3 A A R, AR R T
% AR e SRTHEHE TR AR .

1 {EEHH
L1 %2R
Agilent 1200 A 75 2% K AH 5 1% X . Waters-

Symmetry-Cig (250 mmX 4.6 mm, 5 um) failffE,
EX2247H BIHF 3R (d=0.01 mg, 3£[E OHAUS
AT JS-40 BUHRAEEIHETA CHEINPSEIR R
FRAFD.

1.2 AFIE5HR

LG R, AKORaiEK, HRRF b
afi ok 5 PR (LS MO2HS 176753, 5 B0 51 99%)
V) [ SRS A R A B A R R 2 (it
‘5 CRNO600, Jii B4 %1 98% )+ 2,4- —F5H I 4. (it
5 CRNI1203, JHE/ 4 98%) ¥ b AL A= 4
R ARAR . 26 #LABIT SR HEZ K
S — P I R B sk Ay R AT 2450 %5 58 35 o B R HE
YIE LA C. atratum Bge. I TR ZE, /&
(P EZG L) 2020 R BB IR IELE, RO
FEfE B IE 1.

2 FAEEHR
21 BiEEH

ik FE Waters-Symmetry-Cis (250 mm X 2.0
mm, 5pm); WMENFHALHE (A -0.1%E R KA
(B), BEEEWEML:; 0~10min, 0%A; 10~12 min,
0~4%A; 12~14 min, 4%A; 14~15min, 4%~
5%A; 15~26min, 5%A; 26~45min, 5%~27%
A; 45~63min, 27%A; 63~65min, 27%~1%A;
Kl K9 0~40 min, 270 nm; 40~50 min, 310
nm; 50~65min, 270nm; & 25 C; HEAEE 20
uLs AR 1.0 mL/min.

2.2 XEREARIE &

5 B AR Ao} B ST i, K g ) 2k
FRFIR O 2,4-ZFR K TR L PR RE ST AR
FEHI 117,78, 14.44. 13.33 pg/mL VR &%
R, &

2.3 HIXMARAE &
WEMFESm AR GIiD 20 1.0 g, KEME,
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x1 BRBRFELRER
Table 1 Sample information of Cynanchi Atrati Radix et
Rhizoma decoction pieces

G #5 FEHL (ECED)
S1 H20701 LT
S2 2304051 LT
S3 2301045 LT
S4 23050806 LT
S5 22072004 g
S6 20230904 LT
S7 230401 LT
S8 2022030902 LT
S9 230530 L
S10 22123104 U
S11 22123102 il
S12 2206002 R
S13 2302001 il
S14 22052103-1 [ITER
S15 22052103-2 [ITER
S16 22052103-3 [ITER
S17 210301-1 i)
S18 210301-2 Vel
S19 210301-3 Vel
S20 20230703-1 B[
S21 230501 ik
S22 2211112 FHk
S23 2303140202 FHk
S24 2203010202 FHk
S25 2209040222 FHk
S26 23070496 L

# 100 mL HZEHETE A, K52 M 20 mL 2846K,

EE, WREFE, A 30 min AFE (ZhF 250 WL
40kHz), J¥%, FMGEE, FHALIKHN 2R R
&, JEiL, £ 12000 r/min #5010 min, B3R,

HIFE

24 IBYENEAIENL

2401 LR SRS AR R
FEOR G 2,4- 2 FE K 2T BVR A0 HE el VAL

AR AT (ST #% “2.17 TR HE B4
PR E

242 FEEERE AR (SO AR
1fr, 4% “2.37 TR 7k &R R, 1% “2.1”
T HE ( ERE 26 A IESEAE 6 IR, DLUETEXTAR
How BAE K 9 S U R HE R 2 B N S IR (S),
THRSILH LGS S VTR AH XS LR B B[R] R X e
AL RSD 18, 51/NT 1.8%. 2.4%, FHULAKS
= RIT,

243 HEMRAE BEAHKA (SO ghlmm R
6 U, F& “2.37 TUFHHE R T E AT HI& 6 ik

AV, % “2.17 U B E () L 25 A 2 Sl R
S, LLO SIESTRREIR AT NS IRIE (), tHHE%
HHFRGUES S U [AE X R B B () RAH o 0 T 5
RSD 1, 73 HI/NTF 2.8%- 2.6%, R %7 iEREEM
R4f.

244 FoEMRE WA (SD Bl R
14y, % “2.37 TR E IR 77 i 4 i i
& “2.17 TR HE BRI T 04 24 40 8.
12, 16+ 24 h #FE5rHT, DL 9 SRR 200 N
ZRIE (), IMHEEILHIRLIES S WERIAHX R B
IS TR FUAR G AR RSD AE, 20/ T 2.8% 2.5%,
KRR EE R

2.4.5 HPLC ot py s r LA e e
R, & “2.37 TR 5kl 2 Bk S w i
SRH €217 TR #f e I (3 2 AR AT b, ek
R AR R R, IR 26 ftEERTOT (i
SINTEERE S 2 i te S EIERALE VAN RS
(2012 KO VAAE B VAR 1R 28 e i R0 e
gUEEE (B 1D, BRI X R BB KR ARt
fE & HPLC il L 2. Bl 1 A1 2 T4, 26 it
AR B o s P v 2R ) SR I 14 4,
K FH 55068 HE gt PR O B I T) &5 & 58 SR o 1 1A
PR, FRIANT o 3 AN, S RNIRE (55
U8 KR FEIK A/ (9 508D, 2,4- 3 FEIK 2P (12
U,

2.4.6 HMLEVHY SR 2 Eigts SUEE AL
FEVEM 248 (2012 KO AT 26 LR BRI
(RIARALEE , 85 SN Origin 2021 #2455 &
HE (3, aaRRIEMK, BERRNHX,
PR ERTR , AHOCPERIER R, Bl (i AR E AR DG
Rl R R[5 R A O R B E R, B ORARER

. DR o papit
s g

t/min

El1 26 #tBREIXA HPLC R4 EE
Fig.1 HPLC fingerprint of 26 batches of Cynanchi Atrati

Radix et Rhizoma decoction pieces
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5-uridine; 9-p-hydroxyacetophenone; 12-2,4-dihydroxyacetophenone.

2 BREMm A) REAWRE B) SMRHEEIEE
Fig.2 Chromatogram of Cynanchi Atrati Radix et Rhizoma

decoction piece sample (A) and mixed references (B)
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"P<0.05, ""P<0.01, ""P<0.001.

3 26 BEWRAHEXREE
Fig.3 Correlation coefficient diagram of 26 batches of

Cynanchi Atrati Radix et Rhizoma decoction pieces

FHOCHER BT, P EARTRAE A DCE S . MR
26 b EBRK AR BB RS RE HIE 22 ) B AH G
REEER, 26 MU A BRR T BEAR AL TE
0.626~1.000, AHBAREAERIESNENL, KA
My ANFEHERE SRR R R AR R ZE S
2.5 EFRENIRA

2.5.1 CA i3/ Origin 2021 #4626 AR T
gt 14 MILHEIAEN CA FIVREHE S
N ATIRNE, ATARZEN 26 MR AR A
G5, BIRRZEAN 14 AN, HHoxt 3 M E
WEIEAT T HRIN, AT (B 4) RBHEH TRl
(E 5, B MaEERR 14 MU GEEHAEAR
LR CAROR T 22 R RS . S5 R EOR, 26 ik

14
2',4"-dihydroxyacetophenone
10
11

14"-Fydroxyacetophenone
13 3.16
2.51
1.86
1.21
0.56
-0.09
—0.74
-1.39
-2.04

mmmmmmmmmmmmmmmmmmmmmmmmmm
NONNDNNNNNNN

4 26 MHERBADTHRE FREKIT)
Fig. 4 Heat map for cluster analysis of 26 batches of

samples (standardization line)

4-fydroxyacetophenone
4
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2.26
175
125
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0.24
-0.27
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-1.28
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mmmmm

NNNNNNNNN
mmmmmmmm

Bl 5 26 tiEmBRSTHRE GRELTD
Fig. 5 Heat map for cluster analysis of 26 batches of

samples (standardization column)

R 3R 2 AR, i e = ) R 4
PR, BT R B e I
e, MBI RS I DX A K I Ak bR AR
2.5.2 PCA PCA il B4t ) BAR/E i R /D5
B HTHE R 2 A B O 1) A8 2= Ak e D H L
NEAM KM LB Tabr G5k, Bl 26 it
WEBIOR I 14 AN TN R G5 2
SIMCA 14.1 A1 SPSS 25.0 41T PCARY, 157
PCA 1550 (& 6), A% 26 #LHE mIITE 95%E(E
X, FoH S17~S19 ZrAitAxt&EH, S1~16+
S20~S26 - AuAHXTEE T, BT 26 LR E K )5
BAEEBRKRES, 5 CASREAR—F.

PL 26 It AR A HPLC $5 40 B ) 3L e T
FRNAR B, 81 SPSS 25.0 i it f 43t 47 A 1
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6 26 BRI ERST PHETE
Fig. 6 Score plot for principal component analysis of 26

batches of Cynanchi Atrati Radix et Rhizoma decoction pieces

SR, DA R > 1 AIRBRHESLREL T 4
MNERSY, GRWMFE 2. 3R, Kb Emy 11
FROE{E N 5.014, J7 ZTTEREE N 35.818%, FEK
BT 1~2. 5.8, 9~12 SIEMEE; E8 21
FROEE N 2.629, J7ZTTHRA N 18.780%, T E X
LT 3. 4. 6. 13 SUEMIMERE; ER 3 ML
{52354, HETHEREN 16.811%, FEXBLT
7+ 11 SUWERE R ER 4 RHIEE N 1.294,
T ETTRREN 9.244%, FEIMLT 8 SIERIE
Bo FRIEm B, TR X 3 s (1 s kS
B Z, 4 MERSPRR T ETEREN
80.652%, K HHIX 4 > F 5 RE8 Sk L FRAR 42

*2 PCAFHEERAETME

Table 2 PCA eigenvalue and variance contribution rate

¥ HIURFFIE FEHLER A T 5 Al
FHEE  TETTE % FRTT E TR/ % FRIEMH 77 72 TR/ % FRTT E TR %

1 5.014 35.818 35.818 5.014 35.818 35.818

2 2.629 18.780 54.598 2.629 18.780 54.598

3 2.354 16.811 71.409 2.354 16.811 71.409

4 1.294 9.244 80.652 1.294 9.244 80.652

%3 PCA ETFHEiERE
Table 3 PCA factor loading matrix
D% FERA 1 F sy 2 F) 3 F ) 4

U1 -0.550 -0.430 0.362 -0.093
E) -0.764 -0.254 0.173 0.434
I3 0.028 0.919 0.258 -0.119
U4 —0.466 0.490 -0.300 0.348
JRAF (185) —0.724 0.256 0.240 -0.213
6 —0.457 0.643 0.495 -0.100
U&7 -0.119 -0.057 0.870 -0.286
E33 0.566 -0.365 0.292 —0.497
WFRFIR 200 (VE9) 0.908 -0.012 0.223 0.294
10 0.828 0.392 0.076 -0.145
11 0.623 0.118 0.636 0.314
2A-ZRER LM (1 12) 0.577 0.288 0.227 0.488
13 0.202 —0.654 0.405 0.272
14 0.757 0.038 -0.465 -0.244

B R 55, BIRTBUAE 4 DN E KRB TS
B 14 DN IF N A8, R 2 A
s AR T LR .

2.53 OPLS-DA #H#:F PCA, OPLS-DA X#fx%

PRV B OARUR, 255 RKNT & PCA 45
S ¥ 20 LA 2 K3, DL 14 M IE
g A MR AR &, ASFEALKE N B E R
OPLS-DA #4770#r, &R WK 7-A, HAHKMIRS
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CA SR EA—F., FRXRHAZEELEEREHE
(variable importance in projection, VIP) fiiiik % &
B gy, VIP A2 07 1k 22 A & W) i) 2248 65, VIP
{EBR ST, 0 TR) 22 7 1) s i Rk oK 21, s VP
TEFEAT 4T, 19202 F bR L 1) VIP 4535,

W 7-B, L VIP>1 Jacfr3timikd 7 ik
W, RN RN eI 3. JLAIE 10,

HAE 6. LA (XWEEF LD, AW 2,

2 A

1.0107 6%42]

DENON B R

1.006 27%[1] B

2020 0 02 04 06 08 10
t[1]

E7 26 Ht BEHFREIERZ R/ ZFHH S HTEITS E
(A)~ VIP B (B) FIEHGLLE (C)
Fig.7 Score plot (A), VIP plot (B) and permutation test (C)
for orthogonal partial least squares-discriminant of 26 batches

of Cynanchi Atrati Radix et Rhizoma decoction pieces

HHIE 14, FHIE S R, YNGIEAFRRIRA
RO R EE RSy, B 200 K E B I
(permutation test) 22, W& 7-C, [RIJA4 5 Al
M RANTE, HIHZERAEETIE, A
R &, S 1A SRR T B Ak o
I3 o

2.6 ZIBFRER ST RUNE

2.6.1 ik A A “2.17 I,

2.6.2 M SVERINEIE [ “2.27 T,

2.6.3 XM HI& [ 9237 i,

2,64 AAMETTRERLEE] K “2.27 TR SR A
TR MR 2 S S IR BE ) 1. 4/5. 3/5. 2/5. 1/5.
1/10 15453050 54 JRFEF: 13.33. 10.67. 8.00. 5.33.
2.67+ 1.33 pg/mL, & XK LH: 117.78. 94.22.
70.67. 47.11. 23.56. 11.78 pg/mL, & 2,4-—F2HLoE
L 14.44. 11.56. 8.67. 5.78. 2.89. 1.44 ug/mL [
RN SR, FEN HPLC {488, #% “2.17 Wi~
0 5 o TR i PR D T AR o L2550 Rt o Bk
B (O SPAMIETER (V) #EATREIA4, 533 4
R A IR Rl R S e PRV L, sk 4 B,
SRR 3 AN ERRIR T B B R R I

2,65 LR S5 RERW, & IR BRI R
A3, FHEEEEINRBOGIE SRV & . & ik
SFEEBRT 15, WK 2, RFTELEERL.
2.6.6 FEEEEAL  FEEMEUE— B8ROy (SD,
i “2.37 WUR J7iE 2 sl s v, 4% “2.17 T
WEEIESERE 6 I, D& T, s
JRFF XTERFETE ZTAA 2,4-— F T 5 20T 0 T FR
RSD 18, 735N 1.3% 1.9%. 1.3%, FHLIEHEE
FE R4

2,67 HEEMRE FERIE—-BMKA (SD,

hul

0

F4 BRI HZEMEEEAGRERE SR

Table 4 Linear regression equations of three components in Cynanchi Atrati Radix et Rhizoma decoction pieces

D% B e R? LR TEH/(ug mL )
SR Y=41.408 X+10.313 0.9993 1.33~13.33
PO 8-S | Y=11.978 X—12.738 0.9996 11.78~117.78
2,4- R HER 7 Y=52.746 X—4.5051 0.9993 1.44~14.44

& “2.37 WUF 7 iEH & AR 6 1y, H% “2.17
TR il A HEREN 2, C B R, it
BPRTR . RHRIEIE Z A 2,4- "B F I 2R T Ry
B RSD 18, 05108 1.5%. 1.9%. 1.8%, =Bt
WA EE R IT.

2.6.8 M FEEHEE B (SD,
i “2.37 TN 7RSS AR, 4% €217 TR
RS HIAE 0 24 4. 6. 8. 104 12, 24 hidk
FEOTHT, 0 S R IAR, R ERTE . KRt
I TR 2,4- 32 HEIK 2 T W T AR AR B3 B (] RSD
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1B, 433N 2.5%- 1.5%- 2
TR B 24 h WFaEME R I .
2.6.9 AERICRREE RS RRIUE & Ol e &
BAMUT (S1), 3% “2.37 TR VKRR B
AT BRI, AT ) A& I AR 6 1), 1%
“2.17 TN IS AR E, OSR A R VT,
THEIRE . XRFEIR ZHAF 2,4- — 32 FE2K 20 ()7
BIINEE TR 53 518 96.4%- 100.2%- 102.1%, RSD
5N 1.6% 2.2% 1.1%, HI/NTF 3.0%.
2.6.10 FEAIE B 26 HEEBIR A, % “2.3”
TR 7 Bl A, % “2.17 TUT (il okt
FEE, 0RO, MR ETH RS HIR BT
HRIREF . SRR AWM 2,4- IR RS &, 4
RWF S, 26 AT PRETRESHAE 0.14~0.29
mg/g, RFEHR LT &5 E0AE 1.74~2.74 mg/g, 2,4-
TRHOR QTR 0.25~0.49 mg/g.

x5 HERAIENEER =3

Table S Content determination results of samples (n=3)

2.2%H 2.6%-~ 0.3%- 0.2%,

Ji 5 H(mg g ™)

B R AREELE 24— BHRE LW
S1 0.24 2.12 0.32
S2 0.27 1.94 0.34
S3 0.25 1.74 0.29
S4 0.29 2.29 0.35
S5 0.25 1.81 0.27
S6 0.26 2.24 0.36
S7 0.22 1.91 0.29
S8 0.25 2.15 0.29
S9 0.21 2.36 0.39
S10 0.21 2.11 0.37
S11 0.24 1.80 0.25
S12 0.24 2.12 0.31
S13 0.17 2.19 0.43
S14 0.22 2.11 0.33
S15 0.22 2.01 033
S16 0.25 2.08 0.34
S17 0.14 2.69 0.38
S18 0.15 2.74 0.49
S19 0.14 2.67 0.36
S20 0.28 2.27 0.48
S21 0.28 2.11 0.34
S22 0.26 2.23 0.38
S23 0.22 2.19 0.38
S24 0.22 2.15 0.43
S25 0.26 2.19 0.39
S26 0.17 2.62 041

3 g

AW FERTUCEER) 26 AR A 3847 T HPLC
Te GBS A 2 By S e AL, [FIER T B4R )
a3 W i S RS A 5T 2% B4 TR o AT R R AE LA
KF, BT CA. PCA & OPLS-DA 1
At E S ONEN AR R BT AV . SRR
BT AR (LK. AR CRE. HEE . $EHL
75 3% GEB P R0 B0 « A ] %o $2 B 4 SR 5
Wi, F&i AR 30 min AbH, HEHH R
FOR LR G i R MR KAE 270 nm 72
iy ABB R KABUEAE 270 nm I, (0 B AR i G
b, JB’\Wﬁ/Wﬁiﬁ R T T AR KA T

I 26 T EERROT T 3 MRS S ER
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