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Abstract: Objective Based on the method of HPLC fingerprint, multi-index component quantification and chemometric analysis,
the quality of Yanhusuo (Corydalis Rhizoma) from different habitats was evaluated to provide a basis for its further development and
utilization. Methods HPLC method was used with acetonitrile-0.1 mol/L phosphoric acid water solution as the mobile phase for
gradient elution. The column temperature was 30 C, the flow rate was 0.8 mL/min, and the detection wavelength was 280 nm. The
fingerprints were established for 14 batches of Rhizoma corydalis from different habitats and contents of five effective components of
protopine, tetrahydropalmatine, jatrorrhizine hydrochloride, palmatine hydrochloride and dehydrocorydaline were determined. The

hierarchical cluster analysis (HCA), principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis
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(OPLS-DA) were used to analyze the stoichiometry of Corydalis Rhizoma. Results The fingerprints of 14 batches of Corydalis
Rhizoma were established, with similarity ranging from 0.739 to 0.991. A total of 16 common peaks were identified, and five
components were identified. The results of content determination showed that there were significant differences in the content of
chemical components in Corydalis Rhizoma from different habitats. HCA analysis showed that 14 batches of Corydalis Rhizoma were
clearly divided into two categories. PCA obtained four principal components with a cumulative contribution rate of 86.751%. OPLS-
DA indicated that tetrahydropalmatine and dehydrocorydaline may be the markers of quality difference of Corydalis Rhizoma.
Conclusion The established HPLC fingerprint and content determination method of five components of Corydalis Rhizoma had
strong specificity, accuracy, and reliability, and can be used for identification and quality control of Corydalis Rhizoma by combining
chemometric analysis.

Key words: Corydalis Rhizoma; fingerprint; multi-index components; chemometric analysis; quality evaluation; protopine;

tetrahydropalmatine; jatrorrhizine hydrochloride; palmatine hydrochloride; dehydrocorydaline
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Table 1 Source information of medicinal materials of

Corydalis Rhizoma
R 77 IS KA ]
S1 LR B AR T =P 2023-05
S2 WL ZRBH 5= EPS 2023-05
S3 /AR N R EPS 2023-05
S4 WL 22K EPS 2023-05
S5 Wi 222 J5 il SRS 2023-05
S6 Wi 22 SRS 2023-05
S7 W LR ARl SRS 2023-05
S8 WAL BRI EPS 2023-05
S9 WL B EPS 2023-05
S10  BRFEIE S =P 2023-05
S11  BrFEsE ek =P 2023-05
S12  BRFEIME s EPS 2023-05
S13  BRFAmE =& EPS 2023-05
S14  BANAKX =P 2023-05




* 6732

FEH 2024107 $55% B 198  Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 19

2 FHEEHR
21 BIiEEHG

%4 Eclipse Plus Cis (150 mm X 4.6 mm,
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22 BIERHE
221 MEAMEEIE 2% (R EZ ) 2020 4F
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Fig. 1 HPLC superimposed fingerprint of 14 batches of Corydalis Rhizoma and control fingerprint (R)
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TRATEUE 500t B (il AT B, AT B g
ke 4R, 14 HUIEFIRFEG PIARE T 16 36
AU L5 R A R I EE X, FRIA TR s A
55, SRR R (7 i), R LR (8

S, ERRAMRIL (9 T, HMRE LT (125
), PR E (13 508, A% 5 B % e 4R
S BE AU N 0.739~0.991, TR 14 LAEH] &
FEA R A R E A, ML 45 3R 3K 2.

#2 14 MERRMS HPLC 5 BB IETFNER
Table 2 HPLC fingerprint similarity evaluation results of 14 batches of Corydalis Rhizoma

e HEHALE
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 R
S1 1.000
S2 0933 1.000
S3 0774 0.88 1.000
S4 0955 0926 0.832 1.000
S5  0.664 0.752 0.892 0.795 1.000
S6 0965 0.894 0.731 0.976 0.739 1.000
S7 0951 0.869 0.674 0.947 0.770 0.978 1.000
S8 096 0.909 0.807 0991 0.706 0983 0.942 1.000
S9 096 0.871 0.763 0.955 0.763 0.989 0.986 0.961 1.000
S10 0969 0902 0.799 0976 0.759 0968 0.959 0971 0.954 1.000
S11 0906 0913 0905 0953 0.840 0910 0.845 0.960 0.862 0.922 1.000
S12 0.899 0.892 0.838 0.968 0.748 0.938 0.903 0.965 0.904 0937 0.954 1.000
S13  0.882 0909 0.837 0.873 0.728 0.848 0.827 0.859 0.812 0.859 0.859 0.849 1.000
S14 0.756 0.888 0.940 0.843 0.827 0.753 0.791 0.819 0.792 0.778 0.896 0.886 0.826 1.000
R 0978 0948 0.834 0.991 0.726 0.983 0.960 0.989 0.963 0.982 0.953 0.962 0.898 0.838 1.000

24 EENIRZ

2.4.1 EZ5Hr (hierarchical cluster analysis, HCA)
KHZ LA AT SIMCA-P 14.0 XF 14 HEFE 5
H16 N ILEIERIFREGIETTAR HCA, S5 I 2.
FEMBEAY 2 28 28 1 38R S1~S9, Wiilf=IX; 22
5N S10~S14, BRPUFZIX. HCA 455K AT
I VG SAE 5 2R 240 1) I SR AE — o I 2 Sk

1.8‘-l

1.6 -

—_ = = =

2 14 HITEARAMERNB XD HE
Fig. 2 Cluster analysis of 14 batches of Corydalis Rhizoma

2.4.2 FER45r5r#T (principal component analysis,
PCA)  #E—3B4RW 2 D IXEA RN
[ ZE 5T, B 14 LR 16 AL IR IE AR
SPSS.26 #AHEAT PCA, THHUAH AR FRARRAE K

H7ZvmkFR2, DIRFIEE > 1 5einiE, 13214
PR TRSUEIEILAIEREE (R 3), 4 NFER
) BAR T ZE TR ERIE R 86.751%, I 4 N1
S 3 AP HUE SRR I B R RS 3
ER. HAFE 1~4 NFERD TR S0 AN
52.342%- 17.648%- 9.422%F1 7.339%. HH=E R
(R ) IR 4 A TR R EA ST 7 2
DUMRER, 25 1 T FEAR T 8L 11, 135 52
TR TFERETIE 1. 9, 10; 53 TRMLE TIE
15, 16; 54 TR T 1, 2.

2.43 OPLS-DA 7£ PCA [RFERl FiF—B ket
BN OPLS-DA XIAFEFZIX 14 4y iE S 2R itk
FTo3HT, Jiide O 5 AR 2H R 22 57 DR R BRI R 4

#z3 UMEPREERERDFHEERTEE
Table 3 Characteristic value and concentration rate of 14

batches of Corydalis Rhizoma

ERsy FFAEAE J7 ETURE/ % FARTTHR A%
1 8.375 52.342 52.342
2 2.824 17.648 69.990
3 1.507 9.422 79.412
4 1.174 7.339 86.751
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Table 4 Component matrix of common peaks of 14 batches of Corydalis Rhizoma
o " ES )
W5 AU ’ 5 3 p

1 HKIEIA 0.376 0.406 -0.513 0.553

2 RN 0.565 -0.688 0.015 0.396

3 HKIEIA 0.837 0.189 -0.057 0.400

4 RN 0.798 -0.418 -0.317 -0.021

5 RN 0.822 —0.400 -0.139 -0.187

6 ERRN 0.713 —-0.227 0.110 0.198

7 JE B 0.669 -0.186 -0.433 -0.192

3 AR LT 0.914 0.134 -0.082 0.012

9 N 0.801 0.418 0.185 -0.305

10 RIEIA 0.449 0.816 0.153 -0.139

11 RN 0.852 0.229 -0.380 —0.157

12 TR YT 0.826 0.385 0.230 -0.032

13 JU R TR 0.890 0.341 0.114 —0.144

14 RN 0.685 -0.539 0.169 -0.310

15 (AN 0.597 -0.501 0.449 —0.043

16 REIN 0.493 0.109 0.645 0.429
TEFEAL ) OPLS-DA #i8dt, R ERERE 1S4 Ry 007 T . ' _
1 R2y 435 0.860 1 0.955, TiillaE /1545 (0 g}j' B
590,863, JURASIATEL . OPLS-DA BUR IR = 05 IIII...........
M K T e 1%t . i OPLS-DA 750 3 ] %01, S 05 _ !
FERBES A 2 25, WVt B N—2%, 5§ HCA 4 O 0T i s o e 5 142 47 056

R, Bepi=shd S10 (BRPGIRE 1D B
K, Z& RS HCA 1—E £ 5, FTRHEKE RS
e 5 R R bR Ao S AE B T P B

K, BARERARE BRI o LB 2
PE3E AT BE AR o A Ar B B MR R B2 {H (variable
importance in projection, VIP). VIP 1% ki
PITTRREE, (EBOKR, TTRRESERCR. 7E 0.95 I E(EX
N, $EBUEMh 16 NMEER VIP, WA 4. 3L

|

61 @510
4.
! s1@gs6
= 24 g;
g 0 ffés 51105‘2.
@ ' S14
s 2 539s2 813..
= -4 Oss
76,
s+ >

5 4 -3 2 -1 0 1 2 3 4
1.004 24%[1]

3 14 HIEEAZR M OPLS-DA 7341557 B
Fig. 3 OPLS-DA score plot of 14 batches of Corydalis
Rhizoma

Var ID (Primary)

4 14 HURIEIRE 16 PMELFE VIP &
Fig. 4 VIP value of 16 common peaks of 14 batches of
Corydalis Rhizoma

VIP>1 1) 7 MEEIE 2w s £, #& VIP K
INHEFAR IO 3 FiE>10 Sig>1 S1E>12 (EhR
BT >13 50 (HEAKER >8 5 (I
ROF) >11 T, IXEERE & X 70 AN [H] 72 H 4E
RIEEF TR EREND.

25 BEMNZE

251 HEMRE E “22.17 WURH AR
T VRER HR SR DL S S VS, 0.45 pm JEEE
o, it <207 UR AR T, iR
R ERKRH, EZEIEAMFT, WA RNE
ORI ISR R SRR i, ZEHR O R FhIREY
MR, #HER YT SR FE Y il Ig 5 AH AR 6
U B] PR 2 B EE KT 1.5, DA R0 T R FE 1 B L
¥I7E 8 000 LA L, H= o e o, B
WL R R . IR HPLC tik &
Kl 5.
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T-JRB i 8-IE AR 23K O-ERIRZIMN; 12-ERIRIL YT 13-
Jot S 5
7-protopine; 8-tetrahydropalmatine; 9-jatrorrhizine hydrochloride; 12-
palmatine hydrochloride; 13-dehydrocorydaline.
5 RAMBMEAER (A). #HiXRAR B) RAMTR
(C) By HPLC
Fig.5 HPLC chromatograms of mixed substance solution

(A), test solution (B) and negative control (C)

252 ZMERFRFH FEFEWI “2.227 UFHR
AT SIAROE R, P R R R B P RV
BREEUEM 10 uL, F2 “2.17 TN tilh S HERE 0 HT
TSR IETIAR . DAHERE AR AL ER (X0, WETIRUNA
AFR (YD), JHHATERMERDE, S53, SRR T
FOAH R B S IR MR R R AF (r
PIARMET 0999 1), W 5.

253 MEERLE DURSXIRMMERER, %
“2.17 TR gL EFEIE 6 IR, SRIET
o WHEASRER AR, IER LR SRIRZGARML .
BREDYT. BALERETIAN RSD 45K
0.81%- 1.37%- 0.96%-. 1.01%-. 1.09%.

25.4 HEEMRE  RERIUE 71 (S9) HILE
TAZRMAK 1.0g, 4% “2.27 Wi N i FAT#14 6 4t
BV, PR €217 R g SR ARESEIIE 6 IR,
0037 UG THI AR Fe b o HHY ZR92 01 SR b 5 Bl 40
B, 4R, EFTA. EHRLR. R,
ERTR TG YT | it S0 55 S s 0ee 1 AR ot & 53 ) RSD 43
BN 1.01%. 1.41%-. 0.91%- 1.19%. 0.93%, FH
TrEEE M R .

*5 WEHMEDMP S ITRIEMEXRER

Table 5 Investigation of linear relationship of five components in Corydalis Rhizoma

D% EVEpiyE r LNEVE /g
JER BT Y=11.96 X—12.477 0.999 4 0.05~1.00
EHRLR Y=11.023 X—118.12 0.999 1 0.50~2.20
ERER AR Y=45.736 X+654.87 0.999 1 0.25~2.00
BT Y=27.385 X—72.158 0.999 5 0.025~2.00
JIid 5% Y=38.61 X—15.838 0.999 9 0.02~2.00

255 FEtEidis BUESARMKMER (SO &
&, 1% 9217 DUF B3 &0 T 04 24 4. 8. 12,
24 h BN E, sk ETAR . A, R BT .

A0 R I TRAW . 4 0.45 um TFLIERE e S,

TR LK BRI B E ST, AR E
Bl 04 T B 9 RSD 435114 0.98 % 1.73%-+ 1.45%.
1.11%- 1.47%, RS AE 24 h AR E M
R4t

256 MEMEEINE FEREL 14 #OAFE~HE
AR A ik 60 Hf) 2.0g, /3li% “2.2.17
TR 7SR a1 “2.17 TR (i o Rk
FEMSE, BHEE 6 vI%0, 14 AR HEH R+ 5 F
W seESRRE. K6 MELEEMW, EHRF S

Pk & BT I B R R IKUONIE AR 23 > LA
SRR > Eh IR T ST > R IR 2 ARG > BBl . 3
i BT B T AN B 74 AEE 2R o 5 o S
0.1215~0.397 1. 0.056 5~0.402 0 mg/g, Wil =i
BRI TR R ORI E S TEMN
PR S R LTAR S, U DI 2R (S6)
AIBRPEIRE S| (S10) Ji By By, — & 93 0ilik
4.6509. 4.1544. 1.0225. 0.837 I mg/g: BRI~ X
Py R 24 AR B S T X5 A DX
SREWE BV R TR X Bk i, Bk
Ji BRI B S5 B A I LS S 2R b A B
IR 2 ARBCAT VD Bk P SE R (KR AR TR Sy s SE
R CFRMERIR I Sy TR AR G 1E B R b o B 2
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Table 6 Contents determination of five components of Corydalis Rhizoma
o RS E/(mg-g™")
]
JEBR] Tk EWROER FRR 24 ARk HRE ST i 5K
S1 0.3971 39811 0.2250 0.638 4 19178
S2 0.216 7 24018 0.156 1 0.384 0 1.2439
S3 0.167 1 2.8575 0.5692 0.198 3 0.809 7
S4 0.186 7 2.5898 0.161 4 0.363 4 1.6770
S5 0.1215 2.468 7 0.111 4 0.366 7 0.8516
S6 0.206 7 4.6509 0.9397 1.022°5 2.1456
S7 0.2222 29182 0.6733 0.6411 1.860 6
S8 0.167 1 1.2253 0.179 6 0.504 8 1.5881
S9 0.1672 2.8670 0.245 8 0.5879 1.033 8
S10 0.402 0 4.154 4 0.5201 0.837 1 1.078 4
S11 0.056 5 3.5790 0.406 4 0.474 4 1.329 1
S12 0.1848 22101 0.607 2 0.3551 1.160 2
S13 0.148 7 2.1549 03396 0.6322 1.4270
S14 0.068 3 2.806 7 0.2357 0.2210 0.9310
0.5 ~ 3 ~ 10
T, 04 S 4 2 038 T_
2 03 HT% 3 £ 06
Z 02 g0 2 § 04
i A :
= 01 B ! }é 021 ==
= 0 . - "0 " T 0 r .
T (il e[ Bkt WL il
~ 15 ~ 25
e ® 20 T
g 1.0 & 1s
= 2,
o 05 B ==
g 1 ‘f{_‘% 0.5
Z oo = .
= T ks WiT bk
El 6 HPLC iE4ELE 5 #iRIRmM 2 & ENEMELE
Fig. 6 Box diagram for determination of five index components of HPLC fingerprint
FESt o PEID L V5 K ARRE HRE IR [ 4, B BRI
3 itie IR PR 25 AR IO, SR E ST AA R

IETHRA A R 2%, KBRS A
R, DRI 2y, (H HATHE R 2544
L AR RS2 Al 751K 2 AR P i/ B i R A B )
R OFAN N FEEbR, AR LIRS RMIEH R
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