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Abstract: Objective To establish the ultra-high performance liquid chromatography (UPLC) fingerprint and multi-component
quantitative analysis method of Glycyrrhiza uralensis, and to combine with chemometrics for the quality analysis and evaluation of G.
uralensis from different origins. Methods The fingerprints of 30 batches of G. uralensis from different origins were established by
UPLC. Pearson correlation analysis, cluster analysis (CA), principal component analysis (PCA), orthogonal partial least squares
discriminant analysis (OPLS-DA), and receiver operating characteristic curve analysis were performed using OriginPro 2024 and
SIMCA14.1 software. A total of six components in G. uralensis were quantitatively determined. Results A total of 23 common peaks
were calibrated in the established UPLC fingerprint. Pearson correlation analysis revealed a complex correlation between the common
peaks. The results of the CA and PCA analyses indicated that the distribution of samples from the eight origins (cities) was relatively
independent and concentrated. Some samples from Gansu province exhibited similarities with samples from other provinces, however,

all samples could be classified into three categories (provinces): Gansu, Inner Mongolia, and Xinjiang. The 23 common peaks could
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be divided into five groups. OPLS-DA can effectively distinguish between the samples from three provinces, and 10 differential markers

were screened. The differences between the six quantitative components in G. uralensis samples from three provinces were similar to

the results of the OPLS-DA analysis. Conclusion The established UPLC fingerprint and multi-index quantitative analysis method of

G. uralensis are stable and reliable. Combined with chemometric analysis, it can be used to provide a reference for the quality evaluation

and selection of origin of G. uralensis.

Key words: Glycyrrhiza uralensis Fisch.; UPLC; fingerprint; chemometrics; quantitative analysis; liquiritin apioside; liquiritin;

ononin; isoliquiritoside; liquiritigenin; (S)-glycyrrhizic acid
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fHN 0.07%~0.54%, 30 HLFF ST S0 0 5 %) e 4
SUEE (R) MIAHLEISILE 0.947 L PA b, SHbikrt
ATEFHALETE 0.896 LA b (] 2), FEAEA BT
[ —&tE, FHAHIRFEEAE (S1~S19). N5 Al
FrEEAEASIA] (S20~S30) MM A SR, H
NFEARS NS s A A LA AR, mTRE
HE PR R & B2 A 0% AT I4REL
BV o T 0PN H B i =

17(S)

t/min

A-FTREHRER, SSH B, 8-SR 9-RHEI 11-HER: 17-5)-HHR.
4-liquiritin apioside; 5-liquiritin; 8-ononin; 9-isoliquiritoside; 11-liquiritigenin; 17-(S)-glycyrrhizic acid.
1 30 #tHE UPLC R4 EE R X RIELEE (R)
Fig.1 UPLC fingerprints of 30 batches of G. uralensis and its reference fingerprint (R)
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Fig. 2 Similarity evaluation results of UPLC fingerprints of 30 batches of G. uralensis
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Fig. 3 Pearson’s correlation analysis of various components of G. uralensis



e 2522 «

FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

IEAEG, 34 HEFAMK; HA 178 AR BENH
(P<0.05). HH AR tilkid 2 (7] 2 IEADE, W
W 2, W 3. FEREH . HEH. e, g7, 1%
100 U 120 0& 13, 0§ 15, HHERER. 1§ 19, 1§ 21 AH
Bz EEEEEME. mMEERNSZ2M RS 2
REESARG, A5 R HRE R REEIEML.

2.6.2 T HT (cluster analysis, CA)  LPL23 4
WA RN &, KA OriginPro 2024 X} 30
IEHF3E4T CA, L Ward 25775454 Euclidean
FEESTHET 30 #UH ZRE AT CA, DL Ward K
Ji 5456 Pearson AHICHEXT 23 AN JLH IEHHT RS
BT, CA G5 R UL 4. 455K, e BEE N 8 I,
30 #EFEA TS0 5 28, o Ho e A SR AR A

S1. S2 iS4 R HN—2; HilEl. BRFEASH
SREEAR S3 BN WEEMEARA I HIN=
INFEARTEN—2; P B2 I R RIS IR 2 e AR
BN—I: FIRE, HTERAEA S B2 2 AN R
ARIEONAHIT , FEHE PR B8 20 BT SRy —2K. 23
AN FUERE R S AN, V1L 20 3. 64 7. 12,
13, 19, 20, 21. 22 123 N5 1 40, 0% 18 A% 2
i FEREHEAR. SRR R 10 R 3 4 g
14, 15, 16 s, BHEH . BRIV 4 H;
HEZR A S H. NEEHREFOR, 30 #ftHEE
23 NILH IR R B — € P RBE, R
7 b H B 2y SR T O B A AR A 1 2 S AT
X 55

3.20

2.69

2.18

1.68

-1.17

- 0.66

-0.15

—0.361

—0.86

—1.37

—1.88

E4 30 EHEREDNLE

Fig. 4 Results of cluster analysis of 30 batches of G. uralensis
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EEIR (LOQ), ZERUWFE 2 Frn. FrsFHX R
(r) ¥TE 0.9992 KLl I, R 6 MU EIERRR
if

272 REEREAL  BUHERES (SD), #% “2.27 1
NSRS, 1% €237 TR Rk AR
JE 6 X, THEARRI L I AR ) RSD fH, &5 %

BN, FEHEL. HEE, TEWAET. R HEE.
HER. HEEKR 6 Mt RSD {H57 5
0.20%- 0.15%- 0.11%-. 0.09%. 0.14%. 0.23%, %
AN S R RS 25 B2 R 4T

273 EEMRAK  BCHERS (SD, #9227 10
TIOTEAT A K 6 O R VAR, % “2.37 TR
R SRR e, THE AR R & =% RSD H,
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HER 6 Mo T2 508 RSD 4071 0.69%-
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FEEM R
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Table 2 Linear relationship and limit of quantification (LOQ) of various constituents

3% [ ) 75 FE r e MEYa El/(ug-mL ™) LOQ/(ug'mL™")

FrpEH Y=7.274 X—3.408 0.999 9 8.05~322.11 0.11
HE Y=9.180 X+71.95 0.999 6 11.93~477.15 0.14
TR Y=14.208 X—3.862 0.999 9 2.05~81.97 0.19
FHEL Y=3.629 X-+9.572 0.999 7 2.26~90.50 0.08
HEER Y=22.58 X—1.054 0.999 9 1.37~54.98 0.01
HER Y=2.720 X-+12.42 0.999 8 12.75~510.19 0.49

WIZE 0. 2. 4. 8. 164 24 h JEREDHT, THEL&ARN A,

RS HWETTRL) RSD {1, G55SR b H R, T i

e e e i e e ey A,),JH ol A L .

e EIN f:*ﬁ%ﬁ\ EHE‘%\ HE‘%\ HE‘E&6/I\ (')Jw ! - ! 2'0 l‘ ! ! 4(‘)

BT AR RSD EH 2 308 1.01%. 1.13%. 0.87%- ) #/min

1.37%-+ 0.75%- 0.60%, MR SEWRAE 24h N B

e R, 1 3 s 6

2.7.5  MFEEICR R RS BRI O A B I -

ERERL (SD) 66, B2 0.1 g, IR 5 HE M 0 2 0

TR IR R, R,
WAEHE . S HREE., HER. R SIEHR
e, 7 227 WUNZRPAT 8 R 6 i i
W, F&RR “2.37 TR B SRR b, T
PEH B, HEE, DO R EHEE HER.,
HERR I IIRE IR 73 501 97.24% 99.85%
102.18%-+ 102.04%- 97.39%. 98.42%, RSD 7%~
0.89%- 1.03%- 0.74%- 1.03%-. 0.93%. 1.10%, &
B 7 iR DA Rl 2R R4

2.7.6 SEMELSER B30 HHFERE, 1% “2.27
TR 774 24 A IV, AR RERE L AT 2
By, % “2.37 TUF Bk SF AR E , TRE 6 I
IR AR S g BB 10 P, iRdE AR
HZETHE 6 M & . S50 %k 3 i, 64

LR B, 2-F B, 3-TSRIRT; 4-REEE; SSHEER;
6-H =1 -
1-liquiritin apioside; 2-liquiritin; 3-ononin; 4-isoliquiritoside; 5-

liquiritigenin; 6-glycyrrhizic acid.

El10 HE#HR A) KREXEM (B) UPLC &
Fig. 10 UPLC chromatograms of G. uralensis sample (A)

and mixed reference substance (B)
BT IR CHSMED BmRHRIKIOH HRR.
HEH . PR S HER R R
e L2 18] ) 22 By R EERUR L 11
N, 3 AU TR] R H R AP AR A
FUVEZES HREARRH . R HEH S AR,
WEERAR 2 BEEER, ASEHEAHERSH
TN BTSRRI R R R HORAEA H IR S A5
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#*3 HEGMHERSEMNEER (h=2)
Table 3 Content determination results of G. uralensis samples (n = 2)
o JiiE s #U(mg g )
FrHE B R TR AT LSS HHERR
S1 7.073 10.216 1.258 2.364 0.853 26.640
S2 7.129 15.464 1.410 3.077 0.882 29.100
S3 5.363 11.476 0.971 2.491 0.774 21.848
S4 6.476 12.965 1.169 2.292 0.648 25.550
S5 5.547 10.887 0.998 2.230 0.797 23.031
S6 4,753 12.868 0.940 2.664 0.762 26.412
S7 4918 11.701 0.929 2.441 0.719 25.713
S8 4.927 12.849 0.922 2.629 0.742 26.453
S9 4.399 14.572 0.753 2.774 0.670 26.098
S10 3.900 11.806 0.698 2.491 0.769 24.196
S11 3.556 10.717 0.656 2.317 0.758 22.030
S12 3.754 11.202 0.660 2.250 0.673 22.076
S13 7.012 24.836 1.396 3.861 0.483 43.924
S14 7.716 23.093 1.524 3.910 0.396 42.216
S15 7.904 23.197 1.452 3.650 0.363 41.030
S16 5.932 11.990 1.251 2.225 0.478 29.632
S17 6.255 14.050 1.108 2.497 0.607 27.331
S18 6.809 13.282 1.219 2.280 0.483 28.065
S19 7.453 13.264 1.287 2.245 0.457 28.886
S20 4,758 8.427 1.070 1.255 0.175 23.990
S21 3.828 7.163 0.936 1.136 0.170 21.973
S22 5.062 8.137 1.082 1.126 0.174 23.823
S23 5.307 8.757 0.985 1.458 0.302 20.901
S24 5.398 5.176 0.979 0.786 0.315 18.243
S25 5.365 8.220 1.009 1.268 0.235 20.900
S26 5.075 6.623 1.032 1.081 0.284 20.280
S27 3.823 5.750 1.057 1.653 0.452 25.586
S28 4.630 5.166 1.377 0.999 0.380 21.060
S29 5.799 7.606 1.348 1.483 0.555 23.039
S30 5.188 5.724 1.319 1.129 0.471 21.980
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Different letters indicate significant differences, P < 0.05.
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Fig. 11 Comparative diagram of multi-index components in G. uralensis from different origins
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