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Quality evaluation of Psoralea corylifolia by using chromatographic profiles
combined with chemometric methods
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Abstract: Objective To distinguish the medicinal materials from different sources and evaluate the quality of Chinese herbal
medicines by using chromatographic profiles combined with chemometric methods. Methods HPLC, similarity analysis (SA),
cluster analysis (HCA) and principal component analysis (PCA) were used to analyze the original data. The chromatographic column
was Waters X Select HSS T3 xp (150 mmX2.1 mm, 2.5 pm), the mobile phase was acetonitrile-water (gradient elution), the flow
rate was 0.3 mL/min, the detection wavelength was 246 nm, the column temperature was 30 ‘C, and the injection volume was 1 pL.
HPLC profiles of 11 batches of samples were drawn using psoralen as the reference. Similarity evaluation software of Chinese
traditional medicine chromatographic fingerprint (2012 edition) was used for similarity evaluation and analysis to determine the
common peaks, and hierarchical cluster analysis and principal component analysis were conducted by SIMCA 13.0 and SPSS 22.0
software. Results There were 12 common peaks in the fingerprint of 11 batches of P. corylifolia. samples. According to whether the
similarity index was > 0.95 or not, 11 batches of medicinal materials could be divided into two categories. Two methods of
hierarchical cluster analysis were adopted, and the classification results were basically consistent, indicating the good consistency of
samples. The cumulative variance contribution rate of the three principal component factors was 94.524%, and the S8 sample had the
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highest comprehensive score of principal component factors and the best overall quality. Conclusion The results of similarity
analysis, cluster analysis and principal component analysis of HPLC fingerprint can provide reference for quality control of P.

corylifolia samples.

Key words: Psoralea corylifolia L.; high performance liquid chromatography; similarity analysis; hierarchical cluster analysis;

principal component analysis

ARV ERHEYIAME i Psoralea corylifolia
L. [T ot ilsc. BRI 491
TR VB TR, AL 2EE e R WA AR b i 2
JR N SR RAE A DL R R A e
fJEm. FahiEglEs. s lEREm. tMEIR S
. ANE TR kb R B B SO sy, oAb
HFREMRHNEFIREEAREGME. fiam
W AEETER UM E) o B INARE S 25 B A
M, VR AN E TR 250 ot & 1 32 A As, PRt
R G S L R B B B 2 DA T 2 R S A
HRERIX 2 P i s ARl g EilE
TEAEEARE. A RO
s AR FH B — 2 R I B Tl B 2 £ 1 4 ) DA
JANE i 28— Fh e 53 1R 2 B DN 5 SR A 1) 72 it BRI
B, TEamRERERE. $TI, £58
AT 11 HERNE IR RE S, 8 S RO
(HPLC) R, Jhes &Mt B
My FERA e R BT ATV, BER
B TRAM I R EE IS .
1 MR5EE
1.1 M

11 #ANEF R M T = T LI 5E
Hh, ZVEERAFZE e AN EFHEYIANE G Psoralea
corylifolia L. [T RO SE, BARME B HER 1. %h
HEE (LS 1018444-F2290010, /& ¥ KT
98%) . SRR (k5 1017007-HO150006, /i

x1 HmiER

Table 1 Information of samples

ikl FEHL fits
Ss1 P 180501
S2 P 180101
S3 = F ER N 180503
sS4 P 170802
S5 ) 20180701
S6 FHAM 170501
S7 VAN 1806004
S8 biBlA 180701
S9 g 180903
S10 L5 180502
S11 M) 170912006

BBOKT 98%) I [ i 2 SRR A BR A
Al AMEBE SRR (bS5 112021-201601, Ji &4y
BRT 98%) ; #EELE (LS MB7009, Jii&
STHORT 98%) ¢ AhElEE (it MB6546, JiiE
SSECRT 95%) 5 HEE. ONF (i, Merck
(Darmstadt A&, #8E) , HATIE irat,
itk (Milli-Q &%) .
1.2 {43

Thermo U-3000 & = FORAH (i 4%, B+ B
S FESS . DAD A MIgs . By 7.0 TAESR (3%
Thermo Fishe Scientific A &) ; Jeks & kAL
(L ERFHE AR AR D; Dionex™ ASE™ 350
I v R R EL (£ E Thermo Fishe Scientific
7)) Millipore (Bedford A&, MA, ZEE);
Eppendorf 5804R 7 &8 ¥4 14 550 AL (Eppendorf
o], fE[E) ; Scientific Industries Vortex-Genic
2 BIAEIR & 2% (Scientific Industries A #], 2
) ; SK5200H i 754 (bRl 75 103 A R
/yw]) 3 Sartorius CPA 225D 14y 2 —HF K
(A AFE, BEE) ; WREHERNZ
AL104-01 4y —HF R (RN 2 A
H, fEBE) ; DI-04B B ZikpiEdl ( LigEiEA
FEH AR AT AFD
2 FEEER
21 BRHHE
211 XTI SVEBH S R SRR
2 10.02 mg. S#AMEAEE 10.01 mg. K G S B
17.50 mg. #MEHEZ 2 5.20 mg. #MEAEE) 6.05 mg
ST E R, O HIE T 25 mL &I, o F e S
JR B 4y )8 400.8. 400.4. 700.0. 208.0.
242.0 pg/mL X R S E o
2.1.2 ARSI K 11 #oxTEAME R
iR BN AL 1 min, 3 2 56/, 40
H R, ARECENE HEAH R £ 1.000 g, SkEdEE 1 :
1, 7RG, BRI T ASE 0L, Ik
A, PR RIS R, N IS & B AR
JEARA 25 mL &I, FEEWREL 1 mL i 50%H
BEEA 2 10 mL 2, B 1 mL Al mmig i,
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13 000 r/min &5.0» 10 min, EE .0 2K, FER
VE AL LS 3 HPLC 24T .
22 BIEEH

%k A Waters X Select HSS T3 xp (150
mmx2.1 mm, 2.5 um) , WA ALE (A) -K
(B) , WeMiEAE: 0~10 min, 5%~10% A; 10~
15 min, 10% ~ 35%A; 15~25 min, 35% ~
60%A; 25~35 min, 60%~85%A; 35~50 min,
85%~95%A, AR 0.3 mL/min, MK A
246 nm, RN 30 C, HEAEEN 1 uL. JRAXE
At FIRE i E s P L 1

2

A
3
“ I 4 5
_ L L 1-
5 5
2
1M
4
3
VA AN
0 1250 25.00 37.50 50.00

t/min

LHMERER 2-FAMENER 6-AMEMRAHIR OFMERZR 12-%ME R
1-psoralen  2-isopsoralen  6-psoralba isoflavone  9-isobachalcone
12-bakuchiol

1 RANWEME (A) MR (B) HPLC EiE
Fig1l HPLC spectra of five mixed reference substances

23 FEFER

231 HMEXRFEL O HEBI “2.1.17 W
o L RRVGE B, FH 50% FP I % 2% s R RN R g
HKEIRE SN 269.123. 134.562. 67.281.
33.640. 16.820. 8.410. 4.205 pmol/L; 5 #hE
fE & B = WKk 4 A N 268.850 . 134.425
67.212. 33.606. 16.803. 8.401. 4.200 pmol/L;
#h e I S 2 e R =R FE 4y il o 182,073, 91.036.
45518, 22.759. 11.380. 5.690. 2.845 pmol/L;
wWENE R PEWE Sy 160.311, 80.155.
40.078. 20.039. 10.019. 5.010. 2.505 pmol/L;
*hE RE Wy R R E 4 AN 235.978. 117.989 .
58.994. 29.497. 14.749. 7.374. 3.687 pmol/L;
HBERE 10 pL M o DA RS R EIREE (OO ST
FUCY) BEATERPEEDA, M AR Z M 2P B3 5 72
Y=0.493 9 X+0.068 7, R2=0.999 9; F4ME &

EHLMERE R Y=0517 1 X40.111 9, R?=
0.999 9; *MEMEF WML MERIH TR Y=
0.1815X+0.022, R2=0.9999; #M& /g2 &L
PE[EH 77 FE Y=0.058 6 X—0.006 4, R2=1.000 0;
M AR LR 5 FE: Y=0.038 7 X—0.004 9,
R2=1.000 0; Z5HEMW, 5 MLEWES H KK
FEVE I N R R A, H R2 378 0.999 9 LA
.
232 MEEAE KA EESSER (S
180101) ELEHEFE 6 IR, 06 32 B (1)U T AT,
5 MRFAEUEAXFUETH A RSD {H 454 0.552%-
0.570%. 0.735%. 0.916%. 0.486%.
233 FuEtERALe  HUE—ME RIS (S
180101, 7l =L FHE 0. 2. 4. 8. 12, 24
h BEFE AT, 0T B EIE TR, 4558, 5 A4
5 AIE U6 K o U TR AR RSD {43 1 A4 1.000% -
0.885%. 3.566%-. 1.519%. 1.154%.
234 BEEMERE  HUE—HRME RS Gt
1801011), #% “2.1.2”7 Wi F ik~ FATHI4% 6 fy, it
FEOHT, ek & R BT RR . 25K, 5
FRAE WA XTI TR AR RSD fH N 0.925%. 1.035%.
3.558%. 1.270%. 0.992%.
235 NFEEIGERTS  AEEPREL 6 4 T E AR
HHGZH ('S 1801011) My AER:, ZrAlhn AL
B 5 AR A, H%IR “2.1.27 TR R ST
(17 1) % 5 5 ) A A T A, ARIE I R T SR
FERI R, *hE R mAhElEE. (IR RE
il . #hEE 4= AN E IR W 0P 38 R R
92.32%. 91.80%. 102.99%. 104.26%. 107.79%,
RSD% 4> 5l 4 3.99% . 1.98%. 1.38%. 1.09% .
1.03%.
2.4 #EBRAM PIFIEMERR 57 B E 2N E

Oy VB [F) SRR 11 HER B G 25 04 8 S5 A
E, MRAE “2.27 miEiERME, MEEER. &7
WEER. AMEIEFEE . AR CER. AEE
Ty 2 2 L 2,
25 IEWENLERENL
251 MEEERE HBAMFIEZAM (S fil5
W, % “2.27 TUR e B 51k T I SR
6 X, RIFRSCEE, DA IRE Bk oy S R
g (S), THEZILHTRLES S IR A0 B I
(] AR X W T A RSD B34/ T 3.0%, R BIAXAR
K% R AT
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252 HEEMWRE BUE—HOREENE IR 26k
K (SD) it 6 4, 4% “2.1.27 TN R
A VA I 2% 7V A 6 RS VA TR, o R
WE, KMFES B, Do IR Gk ig 2
g (S), THEEILARRLES S IR AR IR B I
[ AAH X U T A RSD B4/ 3.0%, FREZJT
REEE R

253 foEtEilse bR (SL Al
W, 2HIAE 0. 2. 4. 6. 8. 12. 24 hiHFES#T,
KrFaacEnE, Do iRl (ki 2 g (S),
THRSILHFRGUES S W1 AH X G B3 I (8] AR X 0
A RSD {4/ T 3.0%, i BA AL A WAE 24 h
PR E PR R AT

2.5.4 IROUEBER &S AAHBUESEY OB 11 it

ANEIRFEM (S1~S11) , #%M8 “2.1.2” TRy
F AR I, R “2.27 TR il &
BRI E, KBERMEREERSAN (h2titiE
SR AL PR R4 (2012 “ERROY , BL S1
NS EE, WA 5N 0.1 min, F3)IL
B 11 #Asa B CRAZ SRIE) , @t
JIg HPLC fi5 £ B 3 1 31 A 48 0 P 3 4B 72O 5761,
R4 UG HC &5 F e 12 AN LA, JF A4 ot B 4
g, kS S HEORE S FE S0 B R AR AU
. fEE LAY, 12 SRS 545, i
IERER5 Sl N TR A8 N i = S SO i )
RIf, Mg ASWiE (S) o MU E 4 35
Al W% 3. S1~S11 4540 K3 B i 135 A0 iR 45
grETE L 2, 3.

®2 TRFHAMBRETAMT S MEERSNSE

Table 2 Contents of five main ingredients in 11 batches of P. corylifolia

P *hE R ZR 1% SN ERI% A AR S SR % WO RI% A R %
S1 0.3155 0.2454 0.1804 0.5937 12.303 6
S2 0.3537 0.3132 0.163 8 0.6189 10.487 8
S3 0.4775 0.3732 0.2141 0.3599 9.3059
S4 02317 0.189 3 0.1398 0.896 1 15.067 8
S5 0.3611 0.316 9 0.168 4 0.497 9 9.8851
S6 0.364 2 0.308 7 0.1499 0.6384 11.624 3
S7 0.3936 0.3316 0.161 2 0.479 6 9.663 7
S8 0.5056 0.354 5 0.3756 1.029 9 12.742 0
S9 0.4312 0.382 2 0.2324 0.4475 10.884 1
S10 0.2957 0.208 3 0.242 6 0.996 3 12.840 7
S11 0.278 8 0.252 4 0.126 0 0.3795 8.355 6
#3 11 #tHE&S HPLC BRERIANLE
Table 3 Similarity data for HPLC analysis of 11 batches of P. corylifolia
o FHAAE
N S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 X
S1 1.000 0868 0876 0.894 0855 0.886 0.836 0907 0.852 0920 0.794 0.938
S2 0.868 1.000 0945 0804 0811 0911 0.868 0916 0921 0.920 0.873 0.954
S3 0.876 0945 1.000 0810 0.861 0.891 0.909 0.951 0940 0.876 0.869 0.955
S4 0.894 0804 0.810 1.000 0.766 0.889 0.843 0.898 0.806 0.862 0.762 0.907
S5 0855 0.881 0.861 0.766 1.000 0.870 0.840 0.871 0.842 0.873 0.769 0.909
S6 0.886 0.911 0891 0889 0.870 1.000 0.863 0.919 0906 0.920 0.853 0.957
S7 0.836 0868 0.909 0.843 0.840 0.863 1.000 0.929 0.886 0.848 0.811 0.929
S8 0907 0916 0951 0898 0.871 0919 0929 1.000 0.943 0.933 0.879 0.980
S9 0.852 0921 0940 0806 0.842 0906 0.886 0.943 1000 0.919 0.962 0.959
S10 0920 0920 0.876 0862 0.873 0920 0.848 0.933 0919 1.000 0.907 0.963
S11 0.794 0873 0869 0762 0.769 0.853 0.811 0.879 0962 0.907 1.000 0.910
X 0938 0954 0955 0.907 0909 0957 0929 0980 0.959 0963 0.910 1.000
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Fig. 2 HPLC superimposed fingerprint of 10 batches of P. corylifolia
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L-AMEIER 2-FAMEIRER 6-AMEFIRR I O-fMERZR  12-3ME M
1-psoralen 2-isopsoralen 6-psoralba isoflavone 9-isobachalcone 12-bakuchiol

B3 *EAsH HPLC X3 BRiE 4 &L
Fig. 3 HPLC control fingerprint of P. corylifolia
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7 (950 | AMEHER (12 S8 .
2.6 HBILE SR

KM (similarity analysis, SA) 781,
THE S AR EE (A DG R E,  RPREA [P AR AL AT 22 S
PESEAT 7328, FFREEMEEER AT A, FAHR R
PN AT W3R 3, —Reki, MUE R
T 1, 2 Mk, T 10 RERAME RE AL
IIMTINEE R, KA REORT0.95 )7 W14, H
A5 A 14; BISL. S4. S5. S7. S11 412K,
S2. S3. S6. S8. S9. S10 A1,
2.7 BRESH

%2534 (hierarchical cluster analysis, HCA)
ST — W T G5 AR RS R 2 Cclusters)
MGk o Bk, WARsr 2K 50 #r Cclassification

analysis) BUEUE 72K, SR 2 4E 77 (A R A
BEAFER A, HAARRNETETEEAR S
(PR S, gL 4 SR IE010,

DL 11 HEFE S 11 12 AN A 08 (1) FF T 0 TH] AR A
JREE B, K SPSS 22.0 #f, LA Ward /)N 7
FEVE DL S 2HLTA) 1 $5) T 2 1Y) 2R 0 R R 45 6 B IR R
5D NMERAT N, SR WK 4. BmE 407
A1, FH Ward fie/hN g 21, d=25F, 11 LR AT
BH 1K d=5 W, F—RKXAERN 43K,
S2. S5. S6. S7T E AN 135, S3. S9 B A 1%,
S1. S4. S1I0E N1, S11 N1 HAGER
%, d=25mf, 11#tAEmAIE N 12; d=5HK,
Ja 12K XA %Ny 22, Bl S5, S7. S2. S6 N
—2K, S3. SO E M1k,

2.8 FERSPH (principal component analysis,
PCA)

PCA 1EA—MEIEFRAFA, BB s

Bedfe . JEI EAR TR 2 4EBUR bR AEAL, THBRAS



« 1148 «

¢8H 2020428 $52% H 48 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 4

A 0 5 10 15 20 25
55 = 1 1 1 L L

S7

S2 M —

S6

S11

S3

S9 J
S1
S10 J

S4

S8

S5
S7

S2
S6

S1

S3

S9

S11

-
i
]

o

S8

A-Ward /N7 ZEVETH P BRIREE RS B-BRJ LRSIy
WK PR FE

A-calculated through squared euclidean distance couple with Ward’s
minimum-variannce method B-calculated through euclidean

distance couple with average linkage between group method

B4 11 #HteEmBEoIRRE

Fig. 4 Dendrogram of cluster analysis for 10 batches of P.

corylifolia
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17 PCA, 133 12 Pt oy 78 11 b IRANE TR FF
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P BRI, 455K 4, 831 3 NEMSH
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AN EREFXE 1L RN B R R AT RSy, DA
T ETHRE RN REL A E 3 AEmSH
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Fig. 5 PCA analysis score plot of eleven batches of P. corylifolia samples (A) and PCA loading plot of 12 characteristic

chemical components (B)
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F4 3NERSEFRIFHEERF EZTHE
Table 4 Eigenvalue and variance contribution rate of three
main component factors

ERWO AT RFAEE 7 ETTRRR % RBUT ETTRRR %
1 7.001 58.343 58.343
2 3.155 26.295 84.638
3 1.186 9.886 94.524

#*5 LA BEHRERSEFESRHERF
Table 5 Factor scores and sorting of principal components
for 11 batches of P. corylifolia sample

G RO LA RO 2 130 EROr 3130 B LEET) T

S1 393.841 1438510 1721 1046.390 9
S2 499.108 1663.298 2,676 1161514 6
S3 681.129 2158.822 3.862 1473831 2
S4 235496 1048.659 8593 821.756 1
S5 532441 1694.727 4432 1157.854 7
S6 509.689 1691.445 4871 1176.885 5
S7 568.464 1816.473 2.858 1250.867 4
S8 554.783 2197.407 14.799 1657.423 1
S9 647.859 2051.661 15877 1387.925 3
S10 264495 1290.697 27.297 1053.499 8
S11 414413 1331.788 2407 919.782 10

T Ik FRAE R 25 52 A oy S N TR T R T O R SR A
A T Hb B BT 55 4 25 43 R R S RO, AT
W24 i 0 SRR, TE R 2 R R VT R R T
12 S, AR T Ik B SCHR TR OATIEE 1) % e
M iR HPLC B s vleT, 52 TR T 2L K
A, WMEhAE. K. RESRRRERE,
5E AR TR ISR A i A5 A

ARSI BT ST AN iR HPLC FRSUEE, mI
WOk R R AR S B R, 7E 12 Mg
o, B SRS HPLC B gl 5 Mk
g5 o SA JEFER WP YERAT 0T, KSR TSR
GREHR IO AH ¢ R B, X FE A PR AR AL AR 222 S 1tk 3
T2, AR 1 S WA KR P B2y 1EAT 58
EITHEARIC; HCA H1 PCA U2k £68E 5y v i Al
U R BEAT 0 20 My, X G ] R H AR 1
B, BEANOERELNGITTEN, BARRK
TR RE B 2 AN R O SR RN 5 . AT B 4% 7 5E
PEL SRR E B ERONEER, RE TR A
1 TE R K, AR TR A S R
EIFN I LR T — PR 25 & g, g
T 0 o s B 3t 1 v s e A AT S R A

XMW
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