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Comparative study of Corydalis curviflorae herba and medicinal materials of
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Abstract: Objective To establish the HPLC fingerprint of Corydalis curviflora and analyze the other 14 medicinal materials of Corydalis
by the established fingerprint method. Methods The HPLC analysis was performed on a Agilent ZORBAX ExtendCis (250 mm x 4.6 mm,
5 pm) , the mobile phase was methanol-0.2% phosphoric acid aqueous solution for gradient elution, the volume flow rate was 1.0 mL/min, the
detection wavelength was 289 nm, and the column temperature was 30 “C. The combine cluster analysis (HCA), principal component analysis
(PCA) and orthogonal partial least square discriminant analysis (OPLS-DA) were used to distinguish C. melanochlora which is easy to be
confused with C. curviflora. Results The HPLC fingerprint of C. curviflora was established for the first time, the similarity was 0.853—
0.996, and 18 common peaks were calibrated. Through comparison with the reference substance, 10 components were identified:

neochlorogenic acid, chlorogenic acid, protopine, corynoline, acetyl corynoline, rutin, astragalin, nicotiflorin, quercetin, kaempferol; The

RS EHER: 2023-09-06

E¢WE: BXEAMELESTHE (82173928): EFE AW K IFRIIRET H (2019YFC1712302): [ & & 00 & oF R ¥R & 50 H
(2019YFC1712305); PU)IIAFHELT R FZERBE (2020Y10369)

EEEN: W (1997—), 4, FERFFid, W55 himes %I S &R, Tel: 18408287964 E-mail: 875962758@qq.com

HBEIEE: R (1970—), L&, #R, WAL, BFU7 ey %R S fFETT. Tel: 18980923782  E-mail: 11469413 @qq.com
FHEME (1991, 2o, Wiz, BT Ry A IS SRS, Tel: 15724764573 E-mail: 626041103@qq.com



* 1710 -

FED 20244E3 8 $55% B5H  Chinese Traditional and Herbal Drugs 2024 March Vol. 55 No. 5

similarity of the fingerprints of 14 kinds of medicinal materials and C. curviflora was in the range of 0.078—0.686. The chemical pattern

recognition can distinguish C. curviflora and C. melanochlora, with six differential markers between them. Conclusion The established

fingerprint method is reasonable and accurate, and can effectively identify C. curviflora and the same genus of medicinal materials combined

with chemometric methods to find the differential components of different Corydalis medicinal materials, which provide scientific basis and

reference for the quality control and quality evaluation of different Corydalis medicinal materials.

Key words: Corydalis curviflora Maxim. ex Hemsl.; HPLC fingerprint; Corydalis melanochlora Maxim.; Corydalis; neochlorogenic

acid; chlorogenic acid; protopine; corynoline; acetyl corynoline; rutin; astragalin; nicotiflorin; quercetin; kaempferol; chemical

pattern recognition
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Table 1 Sample information
Pi5 i SKAEH SKAE I} [A]
Ql i U148 H AR E A N e T 2019-07-22
Q2 VU8 H AR B i M A E B 2019-07-25
Q3 T G481 e JEOBE B YR M B 2020-07-12
Q4 VU148 H SR B Ia M RSB T 2020-07-16
Qs NGEE gy c g = Mg Al @I =S 2021-06-10
Q6 DY )11 BT 390580 6 1 1 96 B0 1 B 2021-06-10
Q7 DY )11 BT 390580 6 1 1 ¥ B0 1 B 2021-06-11
Q8 O )1 e S0 e s i v PN | 2021-06-11
Q9 D )11 BT 390580 6 1 1 96 B0 1 B 2021-06-11
Q10 - VU1 O R M REE T 2021-07-12
Al LEEeS FEE RO A VAN 2 H 2019-07-16
A2 VU148 H SO B E N R T 2019-07-23
A3 HE R RO VA N S R 2019-07-24
A4 A O B RN EEE B 2020-07-12
A5 B R EOE 2 E N SR R 2020-07-29
A6 HEA T REER 2019-07-16
A7 Holi s H sk g b =& 2021-07-18
A8 \ T I B B TG B S 2021-08-23
Bl DL B B HiFE RIS E Hia NS 2 A 2020-08-10
B2 VU4 B Ao B VA FEE T 2019-06-29
B3 Fai E R X A T B B 2020-07-24
B4 DU 1145 BT B E SE TR 1 9 ] BT 3 2020-07-27
B5 FIFE EMEOL 6 M T 3 S 2020-08-03
Gl GaliE 2 A4 I PR E 1R AR B 2020-08-14
G2 VU114 H A B A N RE I A 2020-08-17
G3 VU8 H SRR B Ia M 2 3 2020-08-15
G4 VU8 H SRR B Ia M FE IR 2020-08-16
G5 VU )I48 H B 5 ¥ M REE T 2020-08-18
Cl1 FH R A O B IR M B B 2020-07-11
C2 T A8 1 e JEO%E YR M SR B 2020-07-11
C3 H A RS BB i B 2020-07-29
C4 T UE RS U B 1R M0 B 2020-07-29
CS R O H A N E R 2021-07-18
M1 oy iy g VU2 H SRR B I8 MY e B 2021-07-10
M2 VY )14 B SO B 16 M RE E T 2021-07-10
M3 VU4 H B B v M e T 2021-07-13
M4 PUEL E v X R X H A= B 2021-07-15
T1 Sy HIEA R O IR M 5 B 2019-07-16
T2 VY )14 B SO E VA M A B E 2019-07-25
T3 VU148 H SR 3 ¥6 M 18 7B 2019-07-26
T4 BB T AMTS 2020-07-15
Z1 K DU 128 il Tl i f (X 2021-02-20
72 VU148 R AR T v 3 r X 2021-04-11
DL BRI T U481 e OB F YR M B 2020-07-12
BSI S5 T W T R B VR M S B 2020-07-11
BS2 T A8 1 rE OB VR M SRS 2020-07-12
CGl FEREE 75 T A4 T PR E VR N AR B 2020-08-13
CG2 B A I PRIEU% H ¥R N AR B 2020-08-14
CG3 7 T B T PR B VR N AR B 2020-08-14
H1 IR G B PO VA X 2 #R T 2 2019-09-05
H2 T A8 1 v RO E VA M 2020-07-13
H3 DY )11 48 By 05 i I e v 0 e B 2021-06-13
H4 VU148 H SR 3 ¥6 M 18 7B 2021-07-11
H5 VU148 H SO B iR iE 2 2021-07-12
CH LNy TG RIS OB B VA M0 B 2020-07-30
S1 FAbgE PaiE E 6 X B &R T 2 T3 2020-06-15
S2 A RIS 0% 6 M0 & 2020-07-29
S3 VY 1145 BT 3Lk i 1 v X RT3 B 2020-07-29
X1 NPT Pa EE X i H & 2020-08-15
X2 VY11 45 BT S0 i 52 e E ¥ M £ B 2020-09-04
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1 BhiEREH ST HPLC S8 EIE
Fig. 1 HPLC fingerprint of C. curviflora
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A ts o 0 fero 1 JUMLL
2
B 17

18
11
4 PI 13| 142
R I A [
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t/min

2R IAIR, 4-RR, 9-JRRT R, 11 H R, 12-2FE R,
13-7577, 14K B98H, 15-00EH, 17 R, 18-1h M.
2-neochlorogenic acid, 4-chlorogenic acid, 9-protopine, 11-
corynoline, 12-acetyl corynoline, 13-rutin, 14-astragalin, 15-
nicotiflorin, 17-quercetin, 18-kaempferol.

2 HIEEEXNRIBLEE (A) MRS RM HPLC

& (B)

Fig. 2 HPLC reference fingerprint of C. curviflora (A) and

HPLC chromatogram of mixed reference substances (B)
F2 HEEERYUEERE

Table 2 Comparison of reference fingerprint of C.

curviflora
95 HRABLEE 95 HHAE
Q1 0.915 Q6 0.996
Q2 0.992 Q7 0.991
Q3 0.853 Q8 0.986
Q4 0.884 Q9 0.992
Q5 0.995 Q10 0.974

222 MAESEEE R R 8 AR ZG I H8 S B AR ABLRE 4>
ro R 1 RERETE SR E AL 14 FRE &R 20
50 ftt, 4% “2.1.27 UK ik E R, Sl
25 50 R PR SR AT AR BURE LU b, 45 SR LA
3. %3, MIERESHA 14 FEKERBAME 2 4
A, ML 0.078~0.686; HL 15 Firs B RE
3t 60 #t, HATIRSUEIEARAE RS X AL, 4R EoR

e S5

0 10 20 30 40 50 60 70 80
t/min

S1-Q(R), S2~S6-B1~B5, S7~S11-G1~GS, S12~S16-C1~C5,
S17~820-M1~M4, S21~S24-T1~T4, S25~826-Z1~Z72, S27-
DL, S28~S29-BS1~BS2, S30~S832-CG1~CG3, S33~S37-H1~
HS, S38-CH, S39~S41-S1~ 83, S42~843-X1~X2, S44~S51-
Al1~AS.

3 HTEEMNRIELEIEM 14 MEZR RIEELLER
Fig. 3 Comparison of similarity between control

fingerprint of C. curviflora and fourteen species

&3 HEREXRIBLEILR 14 FEEROUELR
Table3 Comparison of similarity of fingerprints of C.

curviflora and fourteen species

95 HRABLE 95 FRABLEE
B1~B5 0.184~0.304 S1~S3 0.195~0.397
G1~G5 0.083~0.247 X1~X2  0.183~~0.553
C1~C5 0.408~0.584 Al 0.343
M1~M4 0.613~0.686 A2 0.456
T1~T4 0.257~0.636 A3 0.429
71~72 0.381~0.446 A4 0.431
DL 0.083 A5 0.481
BS1~BS2 0.422~0.453 A6 0.402
CG1~CG3  0.470~0.628 A7 0.335
H1~H5 0.078~0.550 A8 0.472
CH 0.401

FALRETE 0.021~0.849, 5B &P 2 [ 4025 o) %
SRR DL R IZAR SRS 572 mT DA A [ 2
JRE B 2, NEEEE 15 FhgifidT
W5 %5

TR 4145 B 5 il 1 48 4 SRR R 25 R 2 M IR
ERRICARAL, SURANVEN AR AE LA R ) SR
W, WO S0 AT — D SO RS AR BLRE L
BT AL R R AR AL, R ILE 4, R 3, il
TREHIRIR AR S 8 iR A 14 MLE
U, ARALEAE 0.335~0.481,
23 ERNIRS

IR 4145 B 5 il 16 8 B IR A IR A B 25 R IR
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fo 2,r3 S N 7,890 13 )

~ A8
1 A7
{ : 1 A6
N A fptas
i b b b K o dak o ok F sy A3

| ; : T W YY)

{ i ) | | Al
I [ Aoz K U\ i8] 1 L_Q(R)

0 10 20 30 40 50 60 70 80
t/min

2-MRIERR, 3-LRERR, 87T, 10-RmIuH, 11-JH46H, 13-H
B#&, 14115/,
2-neochlorogenic acid, 3-chlorogenic acid, 8-rutin, 10-astragalin, 11-

nicotiflorin, 13-quercetin, 14-kaempferol.

4 HEEREXNRIEYEIEMBEEENRIEELLER
Fig. 4 Comparison of similarity between control

fingerprint of C. curviflora and C. melanochlora

WIHARRL, HAECLSE . B 5 IRE, HOGEUE SR
AT A A R A .

2.3.1 K (clustering analysis, CA) DL 18
AR (GR 1 10 #EESS SR 8 HEIE 58 55 1)
14 MELUETEILA IR IE AR VA2 B, 5\ SPSS 26.0
BAt, KM Ward BKI7E, ~FI7ERASE SRR B
BhniE, Z B0 T EEEiR ML, 1531
RE, WE 5. 45 2KEEE R 25 B, 71408 2 2K,

ST RR AR RS
0 5 10 15 20 25

Q7 g L ! L 1 L 1
Qo
Q8
Qs
Q6
Q2

Q10
Q1
Q4
Q3
A2
A3

]
]
AS
M
A7

Al
A6

|

5 HIERERBREZERESFTHNRE
Fig.5 Cluster analysis dendrogram of C. curviflora and C.

melanochlora

2.3.2 E Mt (principal component analysis,

PCA) TR A AL R W] R R 35 A B a5 2
PIRTER S, JEI PR AR B B AL R AR T 22207
PEUSIE 18 LR Y 14 NI IR IE TR 3N SPSS
26.0 B, AT ERO b, AR WA 4. K 4 7]
A, SREBURFIEEOR T 1 89 4 N esyr, HOT £ EM
TR N 89.77%, RYJIX 4 AT REMARE 14 4

ML E N —2K (Q1~QI10), MG E R A—K  TEAS R & P R (5 2, 45 RS PCA J)
(A1~A8). Bt RARTA -
R4 FFER. BEHSHITTRER
Table 4 Contribution rate of characteristic roots and principal components
o BIURRHIEAE SEI AT T3 A
St HEEGW Y%  BRTTIRE% St TTEAT Y% FAATTHRE/%

1 6.917 49.408 49.408 6.917 49.408 49.408

2 3.335 23.821 73.229 3.335 23.821 73.229

3 1.257 8.975 82.205 1.257 8.975 82.205

4 1.060 7.568 89.773 1.060 7.568 89.773

[FINRE 18 bk e Sl EIE ) 14 N ILA tihig N ;gﬁi%

. N SN
TR SN SIMCA 14.1 A, SRAIES B R 3 ’ 1
N TN T SN S PN o 2 3 ¥
ITEATERA NN, WERERIE AR, Y /e
PCA B, M BRI M (UV) TS, 4 © 0 e T,
e R e 2 Sk 12 - N B
B4 ARG, FEIBRIREE S RN 0.89, - b AoIAS
N " . - . -3
TGE 71 2% 07 0.429, R HIFRHUK 355 T iR 4 sAT
=5

B 89.0%M i dnAc &, HRAFITIGE /1Y 49.2%.

18 HHLFE ik ) PCA 1350 UMLK 6, 45 Wb i) 73
N2K, —FOUMIERE, B RAARREE, 5§
R PP AN M 46 SRAR — 25, UEW] 2 Rk

6 18 HtEEH M PCABHE
Fig. 6 PCA score chart of 18 batches of Corydalis
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A2 B — S8 ZE 5 o

233 B/ ZAeiE-FIR A (partial least
squares discrimination analysis, OPLS-DA)  OPLS-
DA J&— Mg B A A 7 B i it 7. ¥ 18 itk
H 14 NG RGBT SIMCAL4.1 8, #
ST W B R GR VL OPLS-DA AR AL#HAT /0 #r, 3K
PSAH MR Hodh R2X AN R?Y 43 9112 0.863 A1 0.964,
FEALTIGE 1S5 07 N 0.823, FoRPTEMAIN X
FUY HFE I RERERE 5 86.3%A11 96.4%, LAY
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