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Abstract The anti-adipogenic activity of Glycyrrhiza uralensis was investigated by
examining the effects of its ethanol extract (GUE) on a mouse model with a
high-fat diet (HFD) and 3T3-L1 preadipocytes during adipocyte differentiation.
GUE administration for eight weeks significantly reduced weight gain in mice fed
an HFD. GUE effectively inhibited 3T3-L1 preadipocyte differentiation and lipid
droplet accumulation. This inhibitory effect is associated with the downregulation
of key adipogenic regulators, including PPARy and C/EBPe, and the modulation
of adipose metabolism regulators, such as Fasn and Fabp4. LC-Q-TOF-MS analysis
identified twelve phenolic and flavonoid compounds, including liquiritigenin and
licorice saponin, in the GUE. These findings demonstrate that the anti-obesity
effect of the GUE is attributed to the biological activity of its phenolic and
flavonoid compounds. Therefore, the GUE has potential anti-obesity activity.
Moreover, further studies on the isolation of bioactive components from the GUE
and the investigation of the underlying molecular mechanisms of the GUE are
required to establish its efficacy in metabolic disorders, including obesity.
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1. ME

S5 Afsl AlEo] A7kEe] mhet vlgk BX7 S7KSH Ao 9low, ol Al AR
of A7te o AAET Yk Williams 5, 2015). H[Ehe WAl Agzalo] 9 2717}
S7ksto] Aol ZA5 Al ofulsie, ofuix) gaiek aule] 7Y, fHH, WA, B
2ol 491 5 BT A5Ago] GRS Wol WATITHVisscher® Seidell, 2001). o9}
of Hleke A2 Wi, AT ARG vET ThR A AR Uglow H8sie, ot
2o WAse) Wy NE 2719k Pelo] gl ACR 2¥A AtkBuettner 5, 2007).

HEte] 28 991 AWAIE A4 adipogenesis)®] BT 1) A W EdolF Azt
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(Chenl—]- Farese Jr., 2005). A% &Y
M| ®E(undifferentiated preadipocytes)7} 3
HE(mature preadipocytes)® E3}E= J—P‘éoﬂ/ﬂ Elgtiss
™, o] CCAAT/enhancer- binding protein(C/EBP)
9 peroxisome proliferator activated receptor-y
(PPAR-7)2} -2 AAF QlAKtranscriptional factors)&
o] A4t M B F2 FXIsto] ETfo|FYAEelE &
g FEoHA HoiWhite?} Stephens, 2010). o8 A
ARQIALS] Aok R|HbAE M4 G A(fatty acid synthase),
fatty acid-binding protein 4(FABP4), A5} Egto|Zg]
HMgtol= glatotA|(adipose triglyceride lipase)Q} -2
AAA D ZAGAE 7153 BAE F8 FAAe] ddS
Z7FA 71t Rosen® MacDougald, 2006). ESE AHFA|
X ottjZEUEl (adiponectin)S H]53E thoFst ot x7}
%(adipokine)& 2H|ote] led WA/ 2 2H
FFe 7, 453 AAE oA A 2EE A A
3 Aat Abel 9w thAre] 240 7]ofsto] Xk

T 7 9 ded geAol 9F2 vt lakota 5,
2012). WA, AGAE ZokE 285ke B2 BTk
EoRRE AV A o] EJ}&J Hefo] & =+ Sl
YoM 2ol QT 255 EeARt B Y29 FiAdol
B2 H|ek Epof A felet ic’&é I 9lou, ofet
5824 HokE AdiAE o8 T 2dE A5 74

5t7] ojg7] 2ol $F & Aol 8 FHKTruong &
2019). @A coheFet vlet AAA7E ARGE AL QAR A7
7 B8] wE Aagt FARgo] EJ—’-E] AH(Kang¥}
Park, 2012; Li®} Cheung, 2011). © Qrd /g3t A3
254 7154 7H HAaA 9] A Fet ‘ﬂ]‘?l e = e
ks A 7] HAAE dSohe Aol NP

ItHKim 5, 2023; Lee £, 2021; Lee £, 2022a). AA|
2 Garcinia cambogia, Momordica charantia =&

S HE Al 2 AeSs 93 o diAAE 284

3 QJTHAL-Snafi®t Aluraiji, 2023). &3t olsdI} 242
Alo)df= A8-E Aol Hl =20l HH, 7| AN 2
Hlolto 22 452 A4 £ AY g5 Xﬂﬁ}

T2 Zn, 712=9] 7MAJo]Al

of A A 285k H =
L

3 =310] 7171 5 Aol A SEsio] A
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HAE 24ote Holk aad o g Z-g3hrhal gA gl
THlee &, 2008). 2023¥ 7|02 AEOJFEFAA
(MFDS)OIAME A TAE Eo5e IAE 1737164
£ 7154 98E ZEAYot HRA o} 2E2E, TH Z=
g4t =31 225, 7|EAY7IEZTado] 555 2
o, o]t A& Tﬂé—%—% AGAIE B3t A, A9 T4
oAA, Oﬂﬁ A At 11 5 TR 718 Bl AR AA
o =& & 4 Aoty B HloH, A= A AP

A 52X FF3] o]Foix| 1 JUEHMEDS, 2023).
Zrz(Licorice, Glycyrrhiza uralensis)= 3= 4 &=
<= ZOISE ofAJo} A QoflA thd 2EC R F= He| 9
£7] 2AZE0| AFAE AR Eo] goH, d2HE =,
o+ olgh, ol ZHE, I g tgt B5o] A AU
thKarahan %, 2016; Lee S, 2019). T3, Zx= 7w
/30| ot AwH(Park, 2008), EF(Kim 5, 2008), FHF
(Park &, 2012) 5oz 9 AFEELL Jlom, %5 sia
S7 9 SE duagr Iy Qtilee 5, 2022b).
Az9 F2 7164 LS R+ licoricidin, glabridin &
O|AZTH 0| =(Gafner 5, 2011), glycyrhizic acid

4 olycyrhizinate®t Z+-2 triterpenoid saponin A€ 4

o] Z3glE|o] QIcHFenwick 5, 1990). o]&3t A=EA

JE

L 4

=

E4S 23l Qv A= A 2-8(Kim 5, 2018),
3} A7 (Jang 2019), AIE RS G7HCao &, 2017)
o] HuE1 gloH, H-tx B3 2589 A7 o

)

15 &3t HIgEESAd A WA a7t EaE vt 9l
E]-(Ahnl—]- Kim, 2019). 234, =9 g8t &3t= Al

ST ofy e FERHA Y] A7 BES Aol
‘:}. mtA 2 AtoME B2FAFEE(Glyeyrrhiza
uralensis ethanol extract, GUE)Q] 1A%} Ao|2 f=
g Rk kA mE 2 3T3-L] A AA|E HEof A9
23 2 AGEA 0 nX= ¥ A5, olF B9l
Az T 754 AFE AR &8 73S gRlst

1A} i}

<

2. Mz & UY

2.1. 8= FHFEE9 A=

2 A7olA AHEE GUEE =415+ it

Lo
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BEIGAD) A% 5AE 35% 2uonty ARE 4T
wol AAglolh. Az A ¥, Axdte] BastAct 4
2 B2 706 BEFA100 1€ Al 50T
59 23] UHE 23390t

oAz, A 5% L BAAZARCH, 3 +8
o o)
o

2.2. Ag Al%f

LC-MS/MS #Aof AMEH 23 We&2 MerckA
(Darmstadt, Germany)ollAl #+43t LC-MS 53< A&
stk mReA fE 3T3-L1 A AA|Z= ATCC
(American Type Culture Collection, VA, USA)OIA +
Q15199 th. Bovine calf serum(BCS), fetal bovine serum
(FBS), penicillin-streptomycin, phosphate buffered
saline(PBS), Dulbecco’s modified Eagle’s medium
(DMEM)2 WelgeneA{Gyeongsan, Korea)ollA] <Falio} ALt
3-Isobutyl-1-methylxanthine(IBMX), dexamethasone
(DEX), insulin, Oil Red O(ORO) A|2F Sigma-Aldrich
Chemical Co.(St. Luis, MO, USA)OllA F%Jsto] AL8S
At E3H western blot B4 AH&H 12} A4 C/EBP
a(#8187), PPARy(#2443), B-actin(#sc-47778) L 23}
FA|Z rabbit, mouse= Santa Cruz Biotechnology
Inc.(Santa Cruz, CA, USA) @ Cell Signaling Technology
(Beverly, MA, USA)IA +dsto] AR&5GITt

23 HFt SE E245

BE 537 $7 C57BL/GJ PH-AE ()2 EH O]
2(Seong-Nam, Korea)ollA] -t o™, 12A]7F F/0F
7t #7)(light/dark cycle), 2% 24+1T, 5% 55+2%2]
= A ARSI BHY &, oA 139719
<3 9 2 A3 & Ao ARGESIT vheAE Ayt
AFE(10 %kcal fat diet, D12450B, Research Diets,
New Brunswick, NJ, USA)S A3t At (normal diet,
ND), A% 4]0](60 %kcal fat diet, D12492, Research
Diets)& T3 Rt (high-fat diet, HFD) & A4}
2]0]+GUE Alo|t2 & y+ro] AAIskith. GUE: AAls

of =9l &, IAR Ao]Z H7te] FEF= 85 < 100
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o

mg/kg of body weight®] 52 ¥ F1Fo] oA
H, A47(ND) & IAY Ao](HFD)2 5¥et &
ATE BFFoIstith. ASHI= 85 &< w13 o
et ARt A0 ASE ST EN FRlsiGinh 2
< AY A4 FEHYES E5olsio, 2 A §
TAFATYE F=AY £2998]9 SATACUC-KFRI-
M-22039)sto] == ATt

19
o

it

24 373-L1 ME B 2 23f 2F

3T3-L1 AlZeiE A3 AR&_t BiAl= 10% BCSSF 1%
penicillin-streptomycin &9°] #7}d DMEM< ARE5
At 3T3-L1 A9 E3HE RE5H7] 98] 6-well plate
o 1x10° cells/well2 seedingdt &, MZ7} 80% 0]/‘(}
confluent AH7} E 717 WigZ APt o] 4

A7F B9t 10% FBSSH MDI(0.5 mM IBMX, 1 #M DEX
2 1 pg/mlL insulin)7} 23 DMEMOZ A|2E A 2|5}
of B35 FEotglrhday 0-2). 2 THEE 10% FBSe}
1 pg/mL insulin®] %3 DMEMOZ 2du}t} 33] uij%]
£ wAisH, AMAIE W AdEFHS FEskh

2.5, ME S5Z}

GUES] NEZ=AL MTT assayS ARE-sto] H7kslict.
3T3-L1 AlZE 96-well plateo] 2x10* cells/well9] &
T iRt tha, 48A17F Fof 71E WiRXE AlAT %,
GUEE &=(0, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 50
mg/mL)EE Aot} 48A17 Ft Bt A=t
Az ofgt MEELS Brlely] Yo 5US ¢Fo2
96-wellof] AL 235 okl FUS == GUE
£ Asioih AMAE E3E E Al A7 g
=, HiAE AASKL MTT €42 0.5 mg/mL 5=& 7}
St 2A1%F &<t F7F B Felgith. o]% P4 formazans
dimethyl sulfoxide(DMSO)Z &3gt &, 570 nmolAl
microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E AR&ste] AlZ2=/dE B7lskeith

2.6. Oil Red O(ORO) Z4
3T3-L1 AAIENN GUES] X854 o] fskg 54
571 9181 ORO QAL Agsisich. A Boit e

il

(i
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A|ZE DPBSZ 23] A|4et & 3.7% EZSLH5|E &A=
304 ol A3 178 Al2+= DPBSE 23] AHgt &
60% ote|AZZILTE(PAR 107 Bt AT &, 30
£ 5<% ORO €9o2 A(lipid droplet)E FA5}
o JAE A d@u)AE Eof kL ojv|XE g
Fom, 100% IPAS AREsH] dMd 9=E &sft
505 nmoA &L= (Molecular Devices)S &4}t

3R

ot 4

2.7. Western blot 24

3T3-L1 APFAIZol A Aty o e dd S 24
5t7] 9ol western blot& $3otAch &
7} &= ¥ NMEZZEEE phosphatase inhibitor®} protease
inhibitor7} 7Fe RIPA bufferg o]&sto] ThifdS
o1t AlE= ISolA 2087 HAgE F 13,000 rpm
oA 30& &<t U Esto] AFAoREE ThAS &
g5ttt wlA A2 BCA assay kit(Thermo Fisher
Scientific, Sunnyvale, CA, USA)E o]&olo =45
o oA 30 pge 8-12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-PAGE)°] &
71952 B9l 2t &, dAE PVDF WEHQI(Roche
Diagnostics GmbH, Manheim, Germany)©ll tranfer
Al7]13L, everyblot blocking buffer(Bio-Rad, Hercules,
CA, USA)E ol-&sto] 42004 308 53t blockingAl1F
t}. 12} antibody+= 5% BSA €90] 1:1,000°0.2 3|45t
T 4TolA 12417 o WHEAIFH ©o]%, TBSTE 33] A
23t & 22 FAQF 2ol A 1417 F<F BRSAIF T HHS

Table 1. Primer sequences used in RT-PCR analysis

o] &u¥ WHHQJL TBSTZ 33] A|ATt & enhanced
chemiluminoesence(ECL) €(Thermo Fisher Scientific)
2 AREsto] st b} AH|(chemiluminescence)s -4

sho] ghud W HEE BAsc

2.8. Real-time reverse transcription—-polymerase chain
reaction (RT-PCR) 24/

A 23 9 GUE A&7t S5 AMAZ=RE A%
A7 582 H7et7] Yol RNAE &5t RT-PCRZ
ol AR HAFS IRkt A& trizol-agentE
H7kstol RNAS 225131, 1 pg® RNAE ©]83}o]
cDNAE &dst¥HToyobo Co., Ltd., Osaka, Japan).
RT-PCR #A4& SYBR Green(Roche
Biochemicals, Mannheim, Germany), primer, cDNA,
Rnase free waterg 2¢sto] b3} 22 2710 =E A|Y
5l tHBio-Rad CFX Connect RealTime PCR Detection
System, Bio-Rad Laboratories, Hercules, CA, USA).
PCRE 95ColA 108 &2t 27] &43t 9AE Aysta,
o|F 95T A 15% 5% & &4 &4, 60ToIA 18 &<t
metolw] AY ©A, 65Tl 5% 5t S @A} 45
AtolE SoF HHEE QI 7 fAARe] Hd R RPLPO W
A2 7o ® A FFstoict. & Aol Abed et
ol B Table 13} Zt}.

Molecular

2.9. LC/Q-TOF MS 24

FE20] EActke 2 AEEY 24 B42 SCIEEX

Origin Gene Direction Sequence (5'-3)
Mouse Ppary Forward GCGGGCTGAGAAGTCACGTT
Reverse CCATCACGGAGAGGTCCACA
C/ebpa Forward TACCGAGTAGGGGGAGCA
Reverse TCATTTTTCTCACGGGGCC
Fasn Forward AGAAGCCATGTGGGGAAGATT
Forward AGCAGGGACAGGACAAGACAA
Fabp4 Forward GGGAACCTGGAAGCTTGTCT
Forward ACTCTCTGACCGGATGGTGA
Rplp0 Forward AGGTCCTCCTTGGTGAAC
Reverse GTGCTGATGGGCAAGAAC

https://www.ekosfop.or.kr
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ExionLC®t 2337t Q-TOF AFEA7I(X500R, AB SCIEX,
Concord, Ontario, Canada)E AF8-oto] EA4s1ct 28
2 Hypersil GOLD™ VANQUISH™ €18 UHPLC column
(2.1 mmx150 mm, 1.9 gm; Thermo Scientific)= A}
831911, electro-spray ionization(ESD) B2 C.F negative
ion MS scan mode® EA45}9t} o]=AR2 &0 A0.1%
formic acid in water) @ &9 B(0.1% formic acid in
methano)2 F4g=0] 9.327H0-1%&, 5.0% B; 1-3%&,
5.0-25.0% B; 3-4.8%, 25.0-35.0% B; 4.8-5.8%, 35.0%
B; 5.8-6.8%, 35.0-45.0% B; 6.8-7.8%, 45.0% B;
7.8-8.8%, 45.0-60.0% B; 8.8-9.3%, 100.0% B) 0.45
mL/min &2 EASI9Ith MS 4 7L mass
range 50-1,100 m/z, collision energy -10 V, ion spray
voltage: -4,500 V gas temperature 500C, declustering
potential -90 V, curtain gas 30 psi, nebulizing gas
50 psi, drying gas 60 psi® ZACZE EA5Hct.
MS/MS #42 7H¢ =2 m/z82 7= 5719 peaks
ZZ'+& information dependent acquisition(IDA) ¥
MY ARESI, collision energy -30 eV 275} 4345}

(Y
© Normal diet (ND)
B High-fat diet (HFD)
50 [ ] HFD + GUE (GUE)

Body weight (g)

Weeks

glor, FlolE A2l SCIEX 08 1.6.28 53] Jyst3irt.
A&9 AAF= GUEY HegEs H7ketd s=8 8
mg/mL2 248 ¥, 147k 5 28w Hejstack. 1 3,
39 SRTE U1 1A Bt 237 A5t 0.2

o
pm PVDF BE|2 ofatsto] GAlstel HAle] A-851%ich

T4 O & Tukey's multiple range testg AAIFTH I
E BEA 4L GraphPad Prism(##A 8.0, GraphPad

Software, San Diego, CA, USA)S AT

3. Zit ¥ 1¥
3.1. ZXE 40| R O/~ 2

JAG Ao] f=/g H|gh 2EoA 2] GUE 4o]of w2
A%E WslE 43 23 Fig. 13 2o, 83719 4=

(B)
30p
a
°
= b
£ 20}k
]
[#)]
S 1
°
D
= 10 ¢
T
0

ND HFD HFD+
GUE

Fig. 1. Effects of Glycyrrhiza uralensis ethanol extract (GUE) on body weight of C57BL/6J mouse with HFD. (A) Body weight was
measured once a week for 8 weeks. (B) Weight gain was calculated as the difference between the initial weight before the HFD
supplementation and the weight at the end of the experiment. Data are expressed as the meantSD (n=3). Means with different
letters (a—c) indicate significantly different (p{0.05) as determined by one-way ANOVA followed by Tukey's posthoc test.

720

https://doi.org/10.11002/kifp.2023.30.4.716



Korean J Food Preserv, 30(4) (2023)

717ollA BE g4 9491 AlF 370 HEE A
(Fig. 1(A)). 85719 H|[TF f= &, A4(ND) 7.1 g,
A Alo]HHFD)OAE 23.8 g2 A% 717t &9y
AUchFig. 1(B). ¥, A Ao]l+GUE AFHTolA+=
16.2 g9 AF 7H Uepi o, 1A% Alo|A(HFD) Hf

W] 9olet A% Aavt BEE. oleie Anany

GUES] AF71 1A 4lo] f2/g vlvh A8 gtz o=
AAIsH= AL ERIT 5= 9o, vt o 754 A&
AR 7S It Az wE
32 MEZHY I}

GUEY] Al Z=AS 3l

3T3-L1 A A4 3o ot
5171 Yol MTT assays o9, 1 A=
Zatr A AFAE] GUES w22 A3t
3& Hrkstgler, 0, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20,
50 mg/mL2| A FLoflA AEE] 23t Apo|7}h
X AokthFig. 2(4). olo] &E3FE 3AA o] Tt
GUES] == B7I6l7] sl 899 £3k &<t GUEE
SR AEsta Alx=4dS gRlstld. 1 4, 71
=2 559 50 mg/mLolA 90% oJste] AEE&S Ko
o, 71 o|5} FEoA= AE BEE] K3 Zol7} T
= A] o¥okth(Fig. 2(B)). kAL, 3T3-L1 B3 id A
o4 GUE= 20 mg/mL ©J5te] w04 =/do] Ueht

A

NS
3100-:-_:.:-11111_-.-__
z
E
=
> 50f
3
o

0
0 00100501 05 1 &5 10 20 50

GUE (mg/mL)

Cell viability (%)

E‘ =
st gl A& JAEs B7he st wdEE 10
mg/mlL ©]3}9] BxolA AdL 3t

3.3 XNEZE Hrzs BOf
3T3-L1 A2 AYAIE 23} g4 GUES] AlE W
AAEH dA avE A A¥= Fig. 33 £t &St
53 Hwste] 2ehFdFEole A2 ] dA3]
S7F8t% e, GUE A2 w7t S7heto] wet X454
= A= Yegth GUE AY %=1, 5, 10
Z

o] st

mg/mL)E& 27t 4.0%, 23.1%, 39.8%°] BA -2
AdEH A 2IE HERITHp0.05).

3.4. XEME 22 22 HHE L RFXf B

GUEY AA&A A 714 gst7] flste], A<
A AARRIZIQl PPARy 9} C/EBPe2] B3 WISHE western
blot ¥4 & &Rl on 11 Ayl= Fig 49 Atk 23}
& AEoA S71s PPARyeF C/EBPe+ GUE(L, 5, 10
mg/mL)2] Helo] 98], PPARyE= 227 1.8%, 16.9%,
33.1%% T4, C/EBPas 28.7%, 44.6%, 50.1%%
o] Akt mRNA 52 &1915H7] flsf RT-PCR
35t A3KFig. 5), Pparye Cl/ebped] WdzFo]
Sk Y& 0w Fasho] RIS A &

—_

o

o
T

[92]
o
T

0 00100501 05 1 5 10 20 50

GUE (mg/mL)

Fig. 2. Effects of Glycyrrhiza uralensis ethanol extract (GUE) on viability of 3T3-L1 adipocyte. (A) 3T3-L1 preadipocytes incubated
with different concentration of GUE for 48 h. (B) 3T3-L1 were differentiated with MDI-contained medium in the presence of different
concentrations of GUE for 192 h. Cell viability was measured by MTT assay. Data are expressed as the meantSD (n=3). Means
with different letters (a, b) indicate significantly different (p{0.05) as determined by one-way ANOVA followed by Tukey's posthoc

test. NS, no significant.
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Q) (B)

ORO (%)

Fig. 3. Effects of Glycyrrhiza uralensis ethanol extract (GUE) on lipid accumulation in 3T3-L1 adipocyte. 3T3-L1 cells were seeded
and induced to differentiation in the presence of GUE (1, 5, or 10 mg/mL) for 8 days. (A) Cells were stained with Oil Red O to
observe lipid droplets. (B) Oil Red O stained cells were extracted by isopropanol, and lipid content was quantified by
spectrophotometric analysis at 505 nm. Data are expressed as the meantSD (n=3). Means with different letters (a—d) indicate
significantly different (p¢0.05) as determined by one-way ANOVA followed by Tukey's posthoc test.

(] (B)
NT MDI

GUE: 0 0 1 5 10(mgml) LINT

R L)
— .’. ‘ PPARy

100} 100}

w
(=]
T
w
o
T

L B R

Relative protein
(PPARY/GAPDH, %)
Relative protein
(C/EBPa/GAPDH, %)

[ — 0
RSN | GAPDH 00 1 5 10 0 0 1 5 10

GUE (mg/mL) GUE (mg/mL)

Fig. 4. Effects of Glyeyrrhiza uralensis ethanol extract (GUE) on adipogenesis in 3T3-L1 adipocyte. 3T3-L1 cells were seeded and
induced to differentiation in the presence of GUE (1, 5, or 10 mg/mL) for 8 days. (A) Protein expression levels were analyzed by
western blotting. (B) Bar graph indicates the densitometric quantification of PPARY/GAPDH and C/EBPa/GAPDH bands, respectively.
Data are expressed as the meantSD (n=3). Means with different letters (a—c) indicate significantly different (p{0.05) as determined
by one-way ANOVA followed by Tukey's posthoc test.

Ppary Crebpa
a
< 101 < < <
=z =z = =z
[ 4 x [
£ S [S £
g 2 g g
5 09 5 k- E:
@ [<7) @ @
[ia 4 x [ia

0.0

0 0 5 10 o] 0 5 10 Q 0 5 10 - 0 0 5 10
GUE (mg/mL) GUE (mg/mL) GUE (mg/mL) GUE (mg/mL)

Fig. 5. Effects of Glycyrrhiza uralensis ethanol extract (GUE) on adipogenic regulator in 3T3-L1 adipocyte. 3T3-L1 cells were seeded
and induced to differentiation in the presence of GUE (1, 5, or 10 mg/mL) for 8 days. mRNA expression levels were analyzed
by RT-gPCR. Data are expressed as the meantSD (n=3). Means with different letters (a—c) indicate significantly different (p{0.05)
as determined by one-way ANOVA followed by Tukey's posthoc test.
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AAF1 Fasn ¥ Fabp42] mRNA

o 23} fof| wEt SUkstgl o, o|gY HdH

UE #2] 5=7t 57t whet dagho] ERl= gl
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Fig. 6. Base peak chromatogram (BPC) of the Glycyrrhiza uralensis ethanol extract (GUE) by LC-Q-TOF-MS in negative ion mode.
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Table 2. Identified compounds in ethanol extracts of Glycyrrhiza uralensis using LC-QTOF-MS in negative ion mode

Rt" Identified compounds Formula Molecular ion ~ MS? fragment ions References
IM-HI" (m/2)  (m/2)
3.524 4-Hydroxyphenylpropionic acid CoH1003 165.0562 59, 65, 93, 119, 121, 165 (Liu et al., 2012)
4190  lIsoviolanthin CosH30014 577.1578 353, 383, 457, 473, 503, (Zhang et al., 2018)
577

4.259 Isoliquiritigenin—4'-apiosyl (1—2) glucoside or ~ CasHz0013 549.1624 255, 429, 549 (Zhang et al., 2018)
its isomer

4.321 Liquiritigenin—-4'-apiosyl (1—2) glucoside or CosH30013 549.1623 119, 135, 255, 297, (Zhang et al., 2018)
its isomer 417, 549

4.397 Liquiritin (liquiritigenin-4'-O-glucoside) Co1H2209 417.1203 119, 135, 255, 417 (Zhang et al., 2018)

5.065 Liquiritigenin-4'-apiosyl (1—2) glucoside or CasH30013 549.1622 135, 255, 417, 549 (Zhang et al., 2018)
its isomer

5.171 Isoliquiritigenin-4'-apiosyl (1—2) glucoside or  CpHz0O13 549.1624 135, 255, 429, 549 (Zhang et al., 2018)
its isomer

5.268 Isoliquiritoside Ca1H209 417.1205 119, 135, 148, 254, (Zhang et al., 2018)

255, 417

5.384 Neoisoliquiritin Ca1H2209 417.1206 119, 135, 255 (Zhang et al., 2018)

5.757  Liquiritigenin CisH1204 256.0673 91, 119, 135 (Zhang et al., 2018)

7.223 Licorice saponin G2 or its isomer CaoHe2017 837.3928 837 (Ye et al., 2007;

Zhang et al., 2018)
7.781 Licorice saponin G2 or its isomer Ca2Hs2017 837.3933 351, 837 (Ye et al., 2007;

Zhang et al., 2018)

YRetention time (min).
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