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Abstract: Objective To explore the chemical profile variations of Glycyrrhiza uralensis from different origins and screen
origin-specific characteristic markers by using UPLC fingerprinting integrated with chemometrics. This approach provides a

scientific basis and reference for the quality evaluation of G. uralensis with unified attributes. Methods This study established
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UPLC fingerprints for 30 batches of G. uralensis collected from five origins and validated the analytical method. The quality
consistency of the samples was preliminarily analyzed through similarity evaluation. Subsequently, chemometric methods such
as principal component analysis (PCA), hierarchical cluster analysis (HCA), and orthogonal partial least squares discriminant
analysis (OPLS-DA) were used to identify the patterns and differences of G. uralensis samples from different origins by SIMCA
14.0 software. Further, the key discriminant markers were identified based on the variable importance projection (VIP) values.
UPLC fingerprints of 30 batches of G.

uralensis samples were established. The similarities between each sample batch and the reference fingerprint varied but all

Finally, the contents of the five characteristic markers were determined. Results

exceeded 0.849. This indicates that while the overall chemical profiles of the samples were generally consistent, quantitative
differences existed. Chemometric analysis showed clear clustering trends for samples from different origins, and the consistent
results of PCA and HCA confirmed the presence of chemical differences among the origins. The OPLS-DA model effectively
distinguished different origins, and the permutation test confirmed the reliability of the model. Five key characteristic markers
were selected based on VIP > 1. The content determination results indicated that the contents of the five characteristic markers
in G. uralensis from different origins varied significantly, further confirming the differences in chemical components among the
origins. Conclusion The UPLC fingerprint combined with chemometrics (PCA, HCA, OPLS-DA) analysis method established
in this study can effectively distinguish G. uralensis from different origins, and glycyrrhizin, glycyrrhizic acid, liquiritin
apioside, glycyrrhizin B, and violanthin can be used as key characteristic markers for origin discrimination. This analytical
system provides a reliable strategy and data support for objectively evaluating the quality differences of G. uralensis from
different origins, identifying their origin sources, and improving future quality standards.

Key words: Glycyrrhiza uralensis Fisch.; characteristic markers; fingerprint chromatogram; glycyrrhizin, glycyrrhizic acid; liquiritin

apioside; glycyrrhizin B; violanthin; chemometrics; quality difference
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Fig.1 UPLC superimposed fingerprint spectra and control spectra of 30 batches of G. uralensis samples (A), and common

Table 1

pattern diagram of G. uralensis fingerprint spectra (B)
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Similarity evaluation results of 30 batches of G.

uralensis samples with reference chromatogram
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S9 0.989 824 0.874
s10 0.989 825 0.972
S11 0.986 826 0.972
S12 0.988 S27 0.967
S13 0.937 S28 0.968
S14 0.938 829 0.972
S15 0.941 S30 0.973
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Table 2 Linear relationship investigation of five chemical components in 30 batches of G. uralensis samples

37 E)Epg R? 2R M /(g mL )
= Y=21164 X—3909.4 0.999 3 1.56~50.00
FrREH B Y=37980 X—11 058 0.999 8 1.56~50.00
HEL Y=11553 X—1918.9 0.999 9 3.12~100.00
HEAEHA B Y=18 064 X—5 568.2 0.999 9 3.12~100.00
HHER Y=6542.1 X—2 8412 0.999 8 6.25~100.00

Bl B H SR U TH AR RSD 70 A11H 2.24%1.26%-
2.63%- 0.34%. 0.10%, FHUEFESE RLIT,
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TR J7i AT £ 6 il Vs, 1% “2.1.37 Tl
SRS R ARSI 6 IR, CSRIETIAR T RSD.
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2.76%- 0.76%- 0.80%. 1.86%, FHIHILEEEM
RIf.
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THIAA RSD 43514 0.97%. 1.21%- 0.81%- 0.76%-

0.28%, B ETRTE 24 h WARE .
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M T A E M E R RS ERR . H A
. AT, HREEEE B i H S H 3w,
& “2.1.37 TR R, THE R R R A DA
J RSD. —EEWH . FiEHEE. HEE, HE
EEHE B. H HER 0P 3500 R 1R 5 5N
99.63%- 99.32%- 97.53%- 101.33%. 99.73%; RSD
3N 0.43%. 0.55% 0.66%- 0.28%-. 0.74%.
2.3.8 FEMEENE SN REEFRI 30 fbHHR
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Table 3 Determination results of contents of five components in 30 batches of G. uralensis medicinal materials

JE B (ugg ™)

£ 07

ENEE g B HEAY HHEAHE B HER
S1 3.652 2.066 9.638 1.268 14.078
S2 4.025 2.226 7.072 1.476 14.542
S3 3.170 1.917 7.345 0.951 9.648
S4 3.642 1.739 2.909 1.559 11.772
S5 2.448 2.609 11.169 2.681 21.989
S6 3.947 2.495 6.741 2.225 18.989
S7 3.668 4.207 23.525 1.761 30.321
S8 3.836 4.250 25.073 1.446 31.138
S9 3.968 4.664 26.414 1.940 33.439
S10 3.628 4.184 24.074 1.753 30.038
S11 3.774 4.219 23.492 1.675 29.781
S12 3.898 4.267 24.626 1.554 31.152
S13 3.181 2.635 6.790 1.099 13.932
S14 2.954 2.398 6.655 0.886 14.361
S15 2.984 2.373 6.215 0.784 13.598
S16 3.274 2.663 7.238 1.102 15.337
S17 3.067 2.661 6.793 1.026 14.773
S18 3.114 2.583 7.064 9.071 15.366
S19 3.969 2.857 22.810 2.959 20.829
S20 3.864 2.703 20.870 2.446 19.714
S21 3.947 2.902 22.372 3.698 20.669
S22 4.009 2.851 22.278 2.694 20.596
S23 3.946 2.896 21.961 2.703 20.844
S24 3.874 2.770 2.147 2.616 20.325
S25 2.382 5.294 3.939 3.762 41.124
S26 2.210 5.768 1.776 3.387 41.974
S27 2319 5.871 2.037 3.793 41.378
S28 2.184 5.160 3911 3.661 40.648
S29 2.258 5.055 3.818 3.631 39.427
S30 2.186 5.478 1.625 3.274 38.969

H R 0 5 & 4 B3 L O 2.184 ~4.025 .
1.739~5.871.1.625~26.414.0.784~9.071.9.648~
41974 ng/g. ZRE LA EAHT, 30 fHEANE i H b
5 MR SRR, RO B R AR
sy R, AP SRR R LS R S
BB, B A EAG AR — BRI A s 4
B A FE =R RIS R S EES . 46
2T 4 5 (PCAL HCA SR kE S %7 1
B, RPHIRH F LW H EF Ry & 'L
T EEREZ —.
3 Wig
HEAER—F & Z R 2, HRER
AR, SAEK SR R R A, KRB R
E CEHME” ZER. BHET, RTHE it

ZE R T MATE . NARGHRRAF = H
L R 2 I OB R IEAR A, TN RV
PEALE AR, AHF 7R A UPLC R4 EIE 4 &4k
B (PCA. HCA. OPLS-DA) W& mirsk
WS, WEAEFEHUH A S B e A AT T RS
ST, IR SRR 2 AN E IR T E
ZE SO

%%, UPLC fagUE B AR E 7 b 45 SR o,
FrA R b 5 5 HR RS A AL 4 T 0.849. R4
AR S AL A7 AE — 58 I 3l , (i Rk
SE AN [ PR RETE B AL R R — 3R
P, HREZER FEERIES RS NS EZH.
PCA 5 HCA WITE I B/ i At — B HRR 1 axf
ZE S EERITERFE . 45 FIEoR, 30 HURE S 20
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X153y 9 3 B ZH  Hor, NS PR (S 19~
S24) JhE T3, TP BB AL S AL g ST
P, IX T RE N S R BRI B A OC . B
§E (S1~S6) HHif (S7~S12) i R AN—
e, HEMZ i T B b g 401 (47 T PE b X))
AIREIR T 7 AU B 251, AT 1 1 AHIE (4K
SR TE (S13~818) S5#PHr (S25~
S30) e H EL RO — 2, X — g R EE S &, R
B A B AHPR G, {H 2 AT BEAEAE T LA ALY
WEER ¥ (CAngh . RBEEVERED, Mfisem 7 H &
T ZED R I S 2R

Fk, AT REHEE I8 bR 2 S i OB
Bgr, BRI T A M) OPLS-DA %Y, %4
BRI R Al 7 20 0] 22 5, FLP™ R 1) B e 5
R TR B B R S S e ) . s
VIP ik, MIh% e B = s rplE R,
HHEE, HREEEN B H RN X 2 A FE = H
BB R S . 3X 5 Rl R Yo R e
(R PE =i 28 R R A&, H vIP T CF
FHSHES FREHRET > HEEHHN B> 0%
T N, R HEE R, H R A R R I T
BREE B R . X — RIS 258 DU H g A H R E A
JREE TR B R G, P e
1R 2 2 b e AR

BJh, LA S MRHIEAR S E BT R, N
2z AL R AL T RS Bk YR . S ENE
SGERRE, AE A & o s v B . i,
HEBISEAE 9.648~41.974 pg/g W&, HEE
G ETE 1.625~26.414 pg/g Hi5h. XEREAEYIIR
MEEENEENRENZE R, MUBEEIESE T
Hi PR 22 s R TR T ) Sk, R R
FEAN [) 72 1 10 H 5 g o] 78 24 38 % PR R0 i R B F 3%
R EFTREE A

ZE LRk, AHEFUEE “BAARTR S RIS A LR
PO — T I B AR SR T 0 43 28 — A M B Xk
HETR 1 As BV — ZARAR L5 € BRI B 7T BR
12, BEHRNMAR R T AN 3 A A i i A
JRZE R 5 IAI 7 a0 SRIBTLAERSR H HPLC HF#1IE
IR O AN ] 7= B H B3R AT o = PPN AN, JRAT TR
T UPLC a8 54k 28T B 2 AR 45 6 1 T v R T
T, FEHTEOR LA T 07 W) E#A B A R 3X
FhJETF UPLC fagU o 54k 251 A 45 & 1T
B, AR RLE. ARSI H R, R

BAP e~ B LR EY) . FF, R4E viP>
1 NikdE, SEaMAMARNAL, AREHE (h
2580 ) 2025 FFRRH HL BT EARER A 30 T 3
k2= B e, 3R T AR A
G, HOR TERMNAMESSENE. Hik
H) S FRFEAR S EA P iR B X, O “iEHh
HE” MR PR R T 4k S o S A 2 T () e
Fro XUEMEFREMIRIL, 7T AR HEZM 1
JRE S Wb HER SRS, e (hE 2 )
DUATHREETEAE b, n] 25 AR AN [ 7= MR A AR 54
(1) By Bl L bR, BURBRHIERR SN
HUVR I R BN R R TSR IR, AT
REINF—F=HAFEEG . AFERUGH. AFENT
T REREM RGN, RUIEAGE5E & HERR HAR K
FITH . BEETIEEE, 7T LA =K &= A
HE RS A EEm, FEmaat—>
b 2R, WA HEREZE SRR .
HBFAR PAEEHFEFARFEAZFR
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