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Abstract: Objective  To establish UPLC fingerprint for different regions of Cyathula officinalis and analyze them with C. officinalis
in different parts and adulterants. Methods The UPLC analysis was performed on a Waters ACQUITY UPLC HSS T3 column (100
mm x 2.1 mm, 1.8 um) by using a mobile phase of acetonitrile-0.1% phosphoric acid aqueous solution in a gradient elution at a flow
rate of 0.3 mL/min, with a detection wavelength of 210 nm, and a column temperature of 30 ‘C and the injection volume of 4 pL.
Similarity evaluation, cluster analysis (CA), principal component analysis (PCA), and orthogonal partial least squares method-
discriminant analysis (OPLS-DA) were utilized to compare the differences among different regions and parts of C. officinalis and its

adulterants. Results The UPLC fingerprints identified 19 characteristic peaks for C. officinalis, including four specific compounds:
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2-hydroxy-3-[(4-hydroxy-3-methoxybenzyl)oxy]

succinic  acid,

cyasterone, scoparone, and 2-(benzoyl)-3-[(4-hydroxy-3-

methoxybenzyl)oxy] succinic acid. Similarity analysis revealed distinct differences among samples from various origins, parts, and

adulterants of C. officinalis. CA, PCA, and OPLS-DA could differentiate 62 batches of samples according to their primary regions,

parts, and botanical origins, and OPLS-DA identified nine differential markers through the variable importance in projection (VIP).

Conclusion The established fingerprint method can accurately and effectively differentiate between various sources and parts of C.

officinalis, as well as its adulterants, which provides reference for quality evaluation and identification of . officinalis.

Key words: Cyathula officinalis Kuan; UPLC fingerprints; chemical pattern recognition; similarity evaluation; quality evaluation;

cyasterone; scoparone; achyranthes saponins I; achyranthes saponins II; chikusetsusaponin IVa
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Table 1 Information table for 62 batches of samples
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C3  JIFBR MR Widess Bt dn BB R =2 GJ7 1A AR ZE I RO M AR SRR = 5Kk &

C4 IR widess B 2 4n BB I BUE ISR GI8  JII7F I HRZE A Rt AR R AR 5 83 11

C5 NI AR Wb B e 4n BB T B A R GI9  JII7FE HRZE A Rt AR R AR 5K 8 11

Co NI AR WAL R AR A BEUR A GJ10 114+ AR 25 1L U M AR SR AN = 5K &

C7 NI AR WAE R AR UK A 5Kk 2 GI11 JIAEE ARZE DU A A i g ] XK 2 RSP A
C8 NI MR b R it P AR AR AR S GI12 JIAFE ARZE DU A8 A i < ] DX KO 2 T A
CO AR MY A Rt P AR AR PR S GI13 JIAF I ARZE DU A8 A i g ] XK 2 RSP A
C10 JIFBE AR b RSt PH ABROBF SO + 50k 2 GI14 JIZFE ARZE DA SR i g T XK 2 IR EEA
CIL N AR DU)HAE SRl < 9 DK EE 2 AP GI15 JIAFE ARZE DU A8 A i g ] XK 2 T A
C12 NI AR DY)AE SR i < 1 XK EE 2 R A GI16 JIZFE ARZE DU A AR iz g T XK 2 IR A
C13 NI AR DU)AE SRl < e DK EE 2 AP GI17 JIAEE ARZE DA A i g T XK 2 B Ay
Ci4 NI MR DY)AE SRy < 9 DK 2 R GI18 JIZFE ARZE DU A i JH H s Bty S

C15 NI AR DU)AE SRl < 9 XK EE 2 IR A GI19 JIAFE ARZE DU A il H s B i 4
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GI1 IR HREE b B M s an B R B SR M7 BRZFRE AR EE RSO P 24 kT

GI2 I/FHE HREE b B M s B R B R A M8 FRZFHE AR AR AR R 254 kT

GI3 IR HRZE W1 B M an BB s = A M9 BRZFRE AR DUV B T R A R 2

GI4 I7FRE HREE IE s B M an B W B T A M0 FRAFRE AR DYJIA 78 B i oKl ]2 55 11T
5, B 25 mL BITPIN 50%F IR EZ 23 BIEFH

I,
2.2

L], 15 3R AN R AW

i iR A &

HWFERR AR (G 3 505 29 0.5 g KEHFRE,
B HEHIET, K%M 50%H B 20 mL, %%,
FREF &, A 30 min, IHZE 500 W, HUH,

A, FEARERE, I 50% BRI O R

RA, 2022 um TALIEMEEE, HXERpE, RI1S.

% F . Waters acquity UPLC HSS T3 (100
mmX2.1mm, 1.8um); WMaMALE (A) -0.1%
WERR A (B), BEEEYEE: 0~22min, 5%~35%
A; 22~30min, 35%~38%A; 30~40 min, 38%~
60% A; 40~45 min, 60%~80% A, 45~60 min,
80%~95% A; AR EN 0.3 mL/min; fllEK K
210 nm; KRN 30 C; #EFEEN 4 ul.
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Fig. 1 UPLC fingerprints of 27 batches of C. officinalis and its reference fingerprint (R)
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Fig. 2 UPLC fingerprints of reference fingerprints of C. officinalis (R) and rhizomes of C. officinalis (A), C. officinalis x C.

capitata (B) and C. capitata (C)
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4-2-hydroxy-3-[(4-hydroxy-3-methoxybenzoyl) oxy] succinic acid; 8-cyasterone; 9-scoparone; 14-2-(benzoyl)-3-[(4-hydroxy-3-methoxybenzoyl) oxy]

succinic acid; 21-achyranthes saponins I; 23-achyranthes saponins II; 24-chikusetsusaponin IVa.

B3 JNIFBNRBIESEE R JIFBRRE. RER. REBFRIIEE
Fig. 3 Comparison of the reference fingerprints of C. officinalis (R), C. officinalis rhizome, C. officinalis x C. capitata and C.

capitata samples

®2 62 itAFRIBINE
Table 2 Similarity of 62 batches of samples

% 5 HHABLEE % 5 HHABLEE %5 HHABLEE
Cl 0.947 C22 0.901 Gl16 0.766
C2 0.948 C23 0.939 GI17 0.770
C3 0.962 C24 0.860 GJ18 0.589
C4 0.967 C25 0.862 GJI19 0.759
Cs 0.948 C26 0.973 GJ20 0.842
C6 0.935 C27 0.938 GJ21 0.553
C7 0.964 GJ1 0.859 Z1 0.780
C8 0.925 GJ2 0.815 72 0.856
C9 0.941 GJ3 0.875 73 0.818
C10 0.934 GJ4 0.838 74 0.799
Cll 0.901 GJ5 0.751 M1 0.756
C12 0.966 GJ6 0.634 M2 0.525
C13 0.951 GJ7 0.638 M3 0.681
Cl4 0.925 GJ8 0.689 M4 0.514
CI15 0.938 GJ9 0.594 M5 0.498
Cle6 0.921 GJ10 0.682 Mé6 0.611
C17 0.948 GJ11 0.885 M7 0.773
CI8 0.938 GJ12 0.840 M8 0.402
C19 0.972 GJ13 0.762 M9 0.738
C20 0.776 GJ14 0.865 M10 0.760
C21 0.963 GJ15 0.846
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Fig. 4 Cluster heat map of 62 batches of samples
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Fig.5 PCA score plots of different regions (A), different parts (B), adulterants (C)
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Fig. 6 OPLS-DA score plots of different origins (A), different parts (B), adulterants (C)
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Table 3 Interpretation rate and prediction ability of OPLS-

DA model in different regions, different parts, adulterants
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Fig. 7 Permutation test of OPLS-DA for different regions (A), different parts (B), adulterants (C)
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