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Predictive analysis of Q-marker of Glycyrrhizae Radix et Rhizoma based on
network pharmacology combined with qualitative and quantitative research
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LU Tu-lin, XIE Hui
College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To make a preliminary prediction of the Q-marker of Glycyrrhizae Radix et Rhizoma from the perspective of the
effectiveness and measurability of chemical components based on the concept of Q-marker of Chinese materia medica. Methods
Based on literature integration and data analysis, the source range of Glycyrrhizae Radix et Rhizoma Q-marker was screened, and the
effectiveness of the ingredients was analyzed through network pharmacology. Qualitative and quantitative analysis of 15 batches of
Glycyrrhizae Radix et Rhizoma from four places of origin was performed by HPLC. The pattern recognition method was used to screen
out the main marker components that caused the differences between groups, which were combined with network pharmacological results
to further determine the Q-marker of Glycyrrhizae Radix et Rhizoma. Results Literature studies had determined that flavonoids and
triterpenoids were the main source of Glycyrrhizae Radix et Rhizoma Q-marker; Network pharmacology results showed that liquiritin,
glycyrrhizic acid and other components had high connectivity in the “component-target-pathway” network and were the main active
components; The fingerprints of 15 batches of Glycyrrhizae Radix et Rhizoma samples were established, and five components,
including liquiritin and liquiritin apioside, were identified as the main marker components by PLS-DA analysis; The content
determination results of liquiritin, liquiritin apioside, glycyrrhizic acid and glycyrrhetinic acid showed that there were significant
differences in the content of ingredients among different production areas. The qualitative and quantitative research on pharmacology
combined with network pharmacology revealed that liquiritin, liquiritin apioside, glycyrrhizic acid and glycyrrhetinic acid can be used
as Glycyrrhizae Radix et Rhizoma Q-marker. Conclusion Taking flavonoids and triterpenoids as the source of Q-marker for

Glycyrrhizae Radix et Rhizoma, the qualitative and quantitative (measurability) study of Glycyrrhizae Radix et Rhizoma herbs from
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multiple producing areas combined with network pharmacology (effectiveness) revealed liquiritin, liquiritin apioside, glycyrrhizic acid

and glycyrrhetinic acid as the potential Q-marker of Glycyrrhizae Radix et Rhizoma are scientific and reasonable, which provide

reference for quality control of Glycyrrhizae Radix et Rhizoma.

Key words: Glycyrrhizae Radix et Rhizoma; quality marker (Q-marker); network pharmacology; qualitative analysis; quantitative

analysis; liquiritin; liquiritin apioside; glycyrrhizic acid; glycyrrhetinic acid

HERIET GRH )R Glyeyrrhiza L., 2J&%)
20 F, FREH 8 B, FEHAM T RIS A
X, ANHFN T = rE AR, H AN KR,
AAEAMERSR . ERE. kb, Z2000E.
VAR 2452 D) AR FE R A HAL = B PR 24
BFE =R EER. 2. AR A E SRR
HR3, BAEPURE. PR, MWW, bus. PrElk.
PLEE . IR EERSC, (REZH) 2015 4F
e —EB s H 2588 H 5 G. uralensis Fisch.. K5
H¥ G. inflata Bat. BOGCRH AL G. glabra L. 3 M3
JRO, HA DI HRERX —BE AR rERA,
e A 82 FH 3¢ 493 3

hZj i E bR EY) (Q-marker) /& 2016 FEXI| 52
BeHBUR R 2 R B A, T E . B
A AL SR RTIAN ALy BC AT TR ) 7 80,
BT Z N TR ENT IR, S 2R
P A EEE . AR ET Q-marker #i,
12 4 2250 H R T A ORI AT, R Sk
AR ARST 4 A= 15 fbHFZp e Aoe &
PIRTIUPEREFT, M AEYE BFEE A FE oA 00
[FETE Q-marker, NFHEEUR R RI=HIFRESHKIE.
1 #R
1.1 A5

15 HEHEZM K ET TE (S1~S4). W
SR L2 (S5~88). HRFEFE (S9~S12).
BrIEPTEIZR (S13~S15) 4 N7, K aihEZ
RFEHFRGERF R EENERED H 5
Glycyrrhiza uralensis Fisch. [T JEMRAIR

SRS HEE (LS G-009-181216). S H
H (LS Y-120-181216). HEHR (#t5 G-036-
180507). S HHZE ('S5 Y-008-181216). /7HE R
HEH (S Q-093-190812). FFpiHEE (it5
G-061-180108) . HEH A H M B (k5 G-034-
190903). HIHEFEAHE (f#it'5 C-050-180426) Al
HERR (5 G-032-180301) ¥ [ i 25 &
EFHEAER AR, HER 5 P29M6RT) THH
FEIEH AR EARAR AT (S
486-62-4) W H FHgRFPHEAYEARARA R, Fr

AR E S EIIRT 98%. LI BRI E
WAl KONIERG IR Al K AR A A ati.
1.2 {X&F

By LC-20AD Rm G G (H AR
N7, DGC-20A RUFEL AR SE, SIL-20A T H 5)
BERERGE, CTO-20AC MUALIRAH, SPD-M20A
W FEFIRIND; MS-105D BT R T it
MR Bh-E R 2 A F1); FA1104N B E 7 RF (B
T AR AT
2 FEEHR
2.1 HEZETE Q-marker HIKIREL

HH 2R 245 BEAJE 5 3% B o ) 2 A0 =il SR U0 H B
BV RIETEA . IR PUWR S E R 22
Ry Hsat, BET 3B RS
B, FHEE. HREEMRHERS RN
PERC 4T PERRR B AR FIARES AR SRR 2 W) (1) 22
ST, AEHEFEH R TR 12/G2 M
FEH R D EE b bmd i U8 JEE 0 FEr
AN P b e 13 A A A R R AT I E 1Y,
Jiang SEOVAR B Y =ik 38 pi oy H B R A H IR
RERIF I X 3 H s e A S H s DL ERF AR
BARIEER . Bl w7, e e
bR B 52 S 2 e =i SRRy R, R B 2
K =i N H RO AE Q-marker HISRIETE
2.2 ETMEHEZFHITHE Q-marker TN
221 HETEEREA =i RGP e AT
iz /] TCMSP ( http://tcmspw.com/tcmsp.php ) -
BATMAN-TCM (http://bionet.ncpsb.org/batman-tcm/)
M TCMID Chttp://119.3.41.228:8000/tcmid/) #4k 2
KR H R A =i 2R &, DO IRAEYA A
fE (OB) =30%. Ktk (DL) =0.18 ik
i, SEECE] 27 AN TEEAZE R A 10 > =i KR
gt 37 MEHERS GR Do KU R o
A Pubchem (https://pubchem.ncbi.nlm.nih.gov/) %
FMN ) 7545, dsk SMILE 1H.
222 HEATENAERADME (PPD MZERE  BH
SwissTargetPrediction Chttp://www.swisstargetprediction.
ch/) %54 BATMAN-TCM & DrugBank(https://www.



2682 ¢ ¢ED

Chinese Traditional and Herbal Drugs

F51% F 1038 202045 4

*1 HEPRER=ELXFUAD

Table 1 Specific information of flavonoids and triterpenoids active components in Glycyrrhizae Radix et Rhizoma

'S EY AT | w5 EY Y
1 H¥EHE (iquiritin) C21H2209 20 HHEFEE (licoricone) C22H220¢
2 HFHEFH (soliquiritin) C21H2209 21 H¥EEHEE (licochalcone E) C21H2204
3 HEZE (iquiritigenin) Ci5H1204 22 TEM{EZE (formononetin) Ci6H1204
4 S HEZR (soliquiritigenin) CisHi204 23 HHEH T A (gancaonin A) C21H200s
5 FH BT (neoliquiritin) C21H2209 24  H¥E+5 B (gancaonin B) C21H2006
6 HiFHEH (neoisoliquiritin) C21H209 25  H¥5 G (gancaonin G) C21H200s
7 HHEEEIEE (licoflavonol) C20H1506 26  H¥T H (gancaonin H) C25sH2406
8 S HWIEEIEE (isolicoflavonol) C20H1806 27  KRE5¥ME (licoagroisoflavone) C20H160s
9  FPEHEAF diquiritin apioside) Ca6H30013 28  HE® (glycyrrhizic acid) C42He2016

10 PR HEH (isoliquiritin apioside) CasH30013 | 29  HHEIREE (glycyrrhetinic acid) C30Ha604
11 HEEHE A (icochalcone A) C21H2204 30 SHi/RHERET B (uralsaponin B) C42He6014
12 HEEEEE (glycyrrhiza flavonol A) C20H1507 31 Sh/RHEREY C (uralsaponin C) Ca2He4O116
13 S$i/REE (uralenol) C20H1507 32 BHi/RHEHEEFF (uralsaponin F) C44He4019
14 EHi/R7 (uralenin) C20H150s 33 HEEFH A3 (licorice-saponin A3) CasH72021
15 HEAHE B (licochalcone B) Ci6H1405 34 HEREFH G2 (icoricesaponine G2) C42He2017
16  HEEHRE C (licochalcone C) C21H2204 35  HERH 12 icoricesaponine J2) C42He4O16
17  HEEHE D (licochalcone D) C21H2205 36  HEREI K2 (icoricesaponine K2) C2HeO16
18 AL Cononin) C22H2209 37 HEREIRER-3-B0T b A b A R C41He2014
19 FHEEHE (echinatin) Ci6H1404 (araboglycyrrhizin)
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Fig.1 PPI network

BTEE A SCHE R e H BB S e I 1Y
W2 2 BEA BT FE RS A R A R H R 1
B, R, R HEE. B, PR
Gy AEAH FVETE Q-marker HEATIRZXH 7T

response to vitamin A
linoleic acid metabolic process
cytosol .
. - athways in cancerry
retinal dehydrogenase activity P 4 0 P
positive regulation of vasodilation Lo . .
acting on single donors with incorporation of molecular oxygen neuroactive ligand-receptor interaction; .
arachidonic acid metabolic process 3X10
hepoxilin biosynthetic process Jak-STAT signaling pathway- [ 2%X1075
DI,[ delayed rectifier potassium channel activity 1X10°5
o integral component of plasma membrane estrogen signaling pathway [ I
iron ion binding %
aldehyde dehydrogenase (NAD) activity ) . . .
- teroid hormone biosynthesis{ %
response to drug steroid hormone biosynthesis . HEPH
steroid hormone receptor activity L .
lipoxygenase pathway arachidonic acid metabolism{ e *10
enzyme binding 05
plasma membrane prolactin signaling pathway- ®20
steroid binding 0
. ogldoreductgse activity ovarian steroidogenesis{ «
oxidation-reduction process
0 20 40 60 80 0.075 0.125 0.175
I -
FRE AR T
= Y =
E2 GO EESH (120 &%) & KEGG EES#
Fig. 2 Enrichment analysis result of GO (top 20) and KEGG
IL2ALDH1 N
T et
=
PRKCH AKT2 EGFR ALDH1L1 T
REDH ~  rgms L5 7ppy - @ 0
uralsaponin PRKCE  HsD1782 == ALOX15B KCNA4 et
icoricesaponin
licochalcogeinatin- ¢ o P F2 BoL2L1  TYRP1 TYR TRRVI ESR1  KCNA6
E gancaonin G FFAR1 AKRTA1 PTPN2 KCNA2
: CBR3 PTPNG
gancaonin A ——— e ALDH1BT TCERBTGER1
iSoigutn licoricone PGR AKR1EZo 0 RARAALOX12KCNAS Ovarian
gancaonin B apioside licochalcone PISBRS MTTP AT steroidogenesis
licoricesaponine b FADSHISDI781, o, ALOX1HCNAS Jak-STAT o Estrogen
20NN iquirigenin isoliquiritin e MMPy SOATZ .o, SOAT1pspaoaliMP signaling signaling
uralenol Nosz AKR‘IB1§SR2 pathway pathway
- DRD2 AES2 HS@me1
neofgpRin iza ELOVL4 Gl ADORAZA PDPK1
g . giyonifiza PTGS1 Sicsat JUN AKR1B1
licoricesaponine .
P flavonol A ADORA3 CYP1A1 E Neuroactive Arachidonic
J2 liquiritin isoliquiritigenin, pESRS HSEEmB1L HSEB2 < ligand: 1 id
licochalcone ACHE STAT2 AUDH2  AKR1B10 llgand-receptor 224
licoagroisoflavone B PAWR ALDH1L2 CYP1B1 GPER1 interaction metabolism
licoricesaponine licochalcone  ppfYP17A! AT?,L A MERT GLISPPAR NR3Gso1786 - )
G2 liquiritin glycyrrhizic A ABCB1 BR1 Prolactin Steroid
: in  apioside S = i CFTRPRLR Cvamat PTGSZRBR4 signaling hormone
ormeggnein _ glycyrrhetinic Sorge ! SLCSABCL2 CA7 GLRA3 SLC5A4 GLI2 NOS%YPM%LOXTPARD pathway  pahavs in Diosynthesis
uralsaponin acid licoflavonol MMP2 cancer
B ; o SLCSA1 TATHCACE CRYZ POESA RDHg>7gER7 OPRK1
uralsaponin neoisoliquiritin ERBB:A AR
c SLC28A3gTAT1 ACVR1 LOX12B MAOB kconA1 BGE2L2
araboglycyrrhlznp gancaomn H 51 MAOA
cochalcon% SLE28A1 GABRB3 SLCBAY G BACBAS PDET1A NR3C2
SLC28A2 MBNL3 KCNA0  ANXA1
OAl cro wgNLt MEMIZ PTRNTY
ALOXE3

ESRRQCN%51ERBB§KR165’°RN

B3 HERS-HLR-BEMNGE

Fig.3 Network prediction of compound-target-pathway of Glycyrrhizae Radix et Rhizoma
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2.3 HE Q-marker FIEMHERAR
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Fig. 4 HPLC fingerprints of 15 batches of Glycyrrhizae
Radix et Rhizoma
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reference fingerprint of Glycyrrhizae Radix et Rhizoma (B)
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Fig. 6 PLS-DA score plot for 15 batches of Glycyrrhizae
Radix et Rhizoma
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Fig.7 VIP plot of PLS-DA of Glycyrrhizae Radix et Rhizoma
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2.4 HE Q-marker ZEME
241 @IEEM F “2.3.17 TR G,
2.4.2  TIREVARIOE] R BUERT R RO B R E
N 70% CEEFIAF 5 0 H R 25.28 ug/mL. H
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X HE ARV, A LR R 7592 A 70% B R R B
XTHR I, % “2.4.07 TN EREARERE, 43I
SE TR H AT A, R BRI,
DU IR EENREASRE (X0, WETTA NOALAR (),
ITLRPEIR A EmIbRE LR, RN 2.

®2 ANMREMERSHEMEEYASE

Table 2 Linear regression equation for four labeled components

A VPR e LR/ (ng-mL )
JrdEH R Y=53 615 X+6961.7 0.999 6 1.58~25.28
A Y=31493 X+43 337 0.999 9 0.83~33.00
R Y=10 956 X+894.75 0.999 7 3.59~57.50
HE IR Y=8925.8 X+2191.7 0.999 8 1.91~30.60
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(2) FEE LR : BOHRLRES (S, 4% “2.4.3”
TR T3 A i im i, % “2.4.17 TR A
SAFIELEFE 6 K. THEAR S R A
. HREE . HEERAH IR ER AN RSD 4y
BN 0.46% 1.00%- 0.01%- 1.63%, %HIXZSHE
R

(3) EEMRLE: HEFS (SD %61,
% “2.4.37 T )7k & A TR, 12 “2.4.17
TR i 2 AT, TSR S i b T
FOH L RS HERERAH R IR RSD 7
BN 1.55% 1.20%. 0.96%. 1.04%, %52
(1) B S E R AT .

() e PEaEe : BOH BFE 50 (S, 122,437
R J7 i 28 AR a1, 3l T 04 24 4. 8.
12, 24 h % “2.4.17 B0 FOREAHEATE, Tt
AL SR OB R R, H R A
H R (I T AR RSD 23518 0.36%- 0.54%-
0.32%-. 0.65%, FKAH FAKMIERAE 24 h W
M R

(5) fIAEEICRRES: B RS R H ER R
(S1) 93, 43 3 41, 40 3 Oy MR AoblH Ty
HRE . WA H SRR & 8% 105,18
11D LS ERNINH A, HEER, 7R,
H AR XS IR, 4 “2.4.37 TR 745 stk
MR, % “2.4.07 TR AR E, i
WETAR, TR TR R B,
PR R H B IR IR BT 38 I I 2653 008 99.76%
100.03%- 98.97%-. 101.97%, RSD %354 1.35%.
1.93%-. 1.99%- 1.19%, FZITIERIHERFE R 4F .
2.4.5 FERIE  OBU1S #HEHEREN, 1% “2.4.37 T
NI S PR, R 2417 UMt g%
PEEATIE , W EEmAR, THEATREH R, HE
. HHER. HEXERWEE, JHsH SPSS 22.0
AT RENE T, SR WNE 3. E 8.

SERRW, ARFEHOE L 4 AR R
T, FERH R H R R S S DU R
FhZR e, e E R A IKIR S B AN
HEURZHRAR, HEHFAHRERS &8N T E iR
fiX, HEESEUANSZE TR 2 HRm, 7] WAE
HHE RS S B SA =G BRRHAR SN EE
SRR ZHETHE H B BrsER AR S HR B ra e
. TERENFEHREZIEHRER G E LR E
PEZERAN, S retilEfE 4 Mo EIEE R

=3 BSHHEHEEREENEER n=3)
Table 3
Glycyrrhizae Radix et Rhizoma (n = 3)

Determination results of 15 batches of

JRE ¥/ (mgg ™)

.
W mieE  wew gwm Hem
S1 4.98 6.61 19.10 3.80
S2 5.55 7.42 20.39 3.97
S3 4.84 6.47 17.88 3.40
S4 5.18 6.47 18.31 3.24
S5 4.99 14.21 23.67 241
S6 3.63 14.93 20.87 243
S7 3.86 13.75 20.84 2.16
S8 3.68 15.33 20.35 2.33
S9 4.74 11.25 24.46 4.59
S10 4.08 10.67 23.86 4.14
S11 4.17 941 23.22 4.44
S12 3.85 11.91 29.93 5.81
S13 7.28 11.22 34.26 7.66
S14 7.41 11.27 35.39 8.04
S15 8.26 11.98 37.54 8.63
07 mmgy abe
D NE SRR N
304 o Hilp ab
A HITESES I

B HU(mg-g ™)

i ab ab
104 abc ”m g abc
a a ab§
a
LAEMN ZHIN JETN sl
FrREH HEH HER R

HTHEWEE: P<0.05; SAZEIMRLZHE: °P<0.05; S5
HBETELLEL: <P<<0.05
2P < 0.05 vs Ningxia °P < 0.05 vs Inner Mongolia Ordos  °P < 0.05

vs Gansu Longxi
E8 TE~MHEREFRINERIN (X £s,n=3)

Fig. 8
Glycyrrhizae Radix et Rhizoma in different areas (X s, n =3)

Analysis on differences of index components of

ZErte 4 N EREA, BN FAREY BN
ANFEFEHH R E R BA BT, i, H4
HEHE, i EE . B ke EAH
HPEAE Q-marker.
3 it

A TG X E 2 Bt £ 3 H BT Q-marker FE4%,
T SCERI DB e H R Q-marker [R5 Y
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RNEEAEA =AY, HET L 22 A AL
PR A B AT A, I H B S S — i
R 37 NSRRI AKT1. HSD11B2,
MAPT ZH58 G/ EH THAE . R S RS il
PRI PAE R o vt — 2 B H H ) Q-marker,
SR F 1 B8O A DT U A RS0 A [R] 7 e
1TV EEMT, S REAE =1 H Frp
B R H R H A FIRIR 4 8 S
sEERRS T HEGREER; &EMEAHY
ST EE R EIX 4 MR A A B (R 22
() BRRICTE RSy, SO H B R Im PR DR TG
By, IR 2 H R . B R . H R
HE Ry H LR Q-marker, JyH BB E
(RIFEAR BT I B i 1 S0 Ak

Q-marker M EAE RS IIVE . B REE T K
SHIA R s PTINME A SR T BCARIRER 5 5 TN
H1 2 Q-marker HEATERIT, AN IE BN B S AT
DE A BE )20 PO S8 AE Q-marker. H T, A#HIC
BIF TR B AR it FHA [ L 1] ot Ao o 380 A H R
HHRRR . b RE S o b T 021221,
HEMRERIE N “ 250 7 (AR s AR e . B T
BTSRRI AP, AR [
VS 2 8 07 Do IR A o H R
FERRAE N HbR EVE RO 0 2 5 AT R ], 7EDY
BFHEIT SRR Q-marker BFFTHRIEFH &
. HER. HERRRIE T HE R Q-marker 2,
BETEHRAMES, AMUEH 7 HREp R, |
BRI A 1, BRI T MR -2 077
A IE RN YE . 256 BN AN T E— B ME 1 AR
WAYPE N H B iR HER. B
KRB H HIEAE Q-marker 1941

HERZIEE R, HAAEAFMREW 2 B
ARM, WAHE R WOHE KH RS L
ai, HEME A SIRL £ 7650 R A A .
R, X H ¥ E4T Q-marker [Hf € A F T H A&
H R TR 0 5 A TR T A A PR
AN PAH BRI — 3 5 A 3 R A6 R A0 T
7F Q-marker, MAXTZIREE . ARSI FEET
S HARURT AT AR AL, JE 8 RS Q-marker
AR T, BRI . AR IR
EHERTVRHARE N H B 2 PR S A 3R 24544
Ml LT AR PP TIRAT T, N HE
(1) 5T BB WAFI PN 1A R R AL TE S A i )R Ak o
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