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Isoliquiritigenin alleviates energy metabolism imbalance in type 2
diabetic mice

DING Wen-wen, YANG Xiao-xue, CHEN Zi-yi, WANG Dou-dou, HE Ping’, LIU Ying"

(School of Life Sciences, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: Isoliquiritigenin (ISL) is a flavonoid compound isolated from licorice. It possesses excellent
antioxidant and anti-diabetic activities. This study aims to investigate the molecular mechanism underlying the
alleviatory effect of ISL on energy metabolism imbalance caused by type 2 diabetes mellitus (T2DM). 8-week-old
male CS57BL/6] mice were used in in vivo experiments. The high-fat-high-glucose diet combined with
intraperitoneal injection of streptozotocin was applied to establish T2DM animal model. All animal experiments
were performed in accordance with the Institutional Guidelines of Laboratory Animal Administration issued by the
Committee of Ethics at Beijing University of Chinese Medicine. HepG2 cells were used in in vitro experiments.
Enzyme-linked immunosorbent assay (ELISA) and real-time quantitative polymerase chain reaction (RT-qPCR)
were used to examine the protein and mRNA levels of mitochondrial function-related targets. The levels of reactive
oxygen species (ROS) and mitochondrial membrane potential (MMP) in HepG2 cells were measured by the flow
cytometry. Additionally, the molecular docking of ISL and key target proteins was analyzed. It was found that ISL
significantly inhibited the activity of mitochondrial respiratory chain complex I and increased the protein levels of
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uncoupling protein 2 (UCP2) in the livers of mice and HepG2 cells. It also obviously decreased the ROS levels and

increased the MMP levels in cultured HepG2 cells. In addition, ISL promoted mitochondrial biogenesis by

activating proliferator-activated receptor gamma co-activator la (PGC-la) and enhanced mitophagy by

upregulating Parkin. It also improved mitochondrial fusion by increasing the mRNA and protein levels of mitofusin

2 (MFN2). In conclusion, ISL alleviates energy metabolism imbalance caused by T2DM through suppression of

excessive mitochondrial oxidative phosphorylation and promotion of mitochondrial biogenesis, mitophagy, and

fusion.

Key words: isoliquiritigenin; type 2 diabetes mellitus; mitochondrial oxidative phosphorylation; mitochondrial

biogenesis; mitophagy; mitochondrial dynamics
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R s A R 5t 9 o UL T R B A R T e 2
IR RE, M fEHE NRMERE . 2 BB IR (type 2
diabetes mellitus, T2DM) £ (4 ¥ J& 75 &2 N 22117 90%",
S d FEIBE PR A o U [ B PR B 0, A
222021 FF A4 BRASAEWE R B NB D8 5.374¢, it
2045 AR A 7421 R A BRBE R g R Y
KRR E R 2 —, MRERW EF RZ WEZK, 2021
SRR R SR R LR 1.4, RIE TS O H TR,
FRO0T 3 FR 5 24 it FRD I R 7 SR AR

H % (Glycyrrhiza uralensis Fisch.; Glycyrrhiza
inflata Bat.; Glycyrrhiza glabra L.) #& 3% [ & 5 H 1) K
FUMz —, RGO AW T RE, BN
RERIEZ ENREE  Z 2 LE AAES N
M, FH B &K (isoliquiritigenin, ISL) /& M H ¥ rf 2y
BT R R R AL E Y, BA R8BSR Bt
RUNEE . PREHTETHIRGE T ISL X i e R
7551 T2DM /)~ 53 I I I P o508 2R, i 9% [R) B
R I ISL RE % 2 35 P2 AIK T2DM /) BRI A1 Hep G2 41 it
(K] ATP /K1, $2 7 ISL A£ — € R & £ 7] L3 T2DM
SR B R Re 2 AW . 2RI, B AT o¢ T ISL A 4k
14 T e BB FCARGE AR ED, H 22 A ) A RO
R E G RLAR T T BE e, = B T T AR
JHGRAP AN o g U V58 T, % T ISL 2% T2DM 5
i 1Y) fe B AU 2R LIS B = AH ORI AT

BRLRAERE G A M A8 77 /K1 A2 A A 20 L A e
Rt & %5 7 EEAE R, B Z PN T2DM 1 K &
25 5| 2 SR A IR B AN IR 0T IR B AL D e Sz 40, 3L
7 PE4 (reactive oxygen species, ROS) i & 7= 4, 2k ki
1A JiE H3 437 (mitochondrial membrane potential, MMP)
B, 51 RGN, H A& SR bR T ReFRAT" . ik
ok, OF Z U5 R, ENERE SR, JR & R UK
41 B ) ATP & BT FE GRS GoRipR 1 BT e 2
FEAE ATPRY, X — i B2 5 B Wi AR W IR B 2 & W) 1~
VEURL K AR BE 2R H 2 (uncoupling protein 2, UCP2) K]

PR BRI A ) ] I AR RR AL AR
ATP, LAIR ) 45 Ff A= A FE2Y . UCP2 U v 3 3k v B 28
Tk R AR P T ) J5T A B K R IR BE 5 ATP A R AR
RPN BCATP & s/ o DR, 2Rk i iy i 5
E W) FI UCP2 2T 58 T2DM 51 K 19 ATP 3 £ & At (1
BEL . BEAh, 7E T2DM ki i 2 v ik vl W 5% 21 28 fir
PRTEAS B, SRR AR ) i A 1 i il /D 242, A
SR, B MRSz AP I R R RAR AR R A T R
o A Y B A S TE O 2 ARy HUE T La
(proliferator-activated receptor gamma co-activator la,
PGC-la) /& R SR K T, H T i B AE 2R 1 7 2
HH IR 1 (sirtuin 1, SIRT1) JBi £ B AL S0, 2k 1M i
T IR F 1 (nuclear respiratory factor 1, NRF1), F
W 2k ki AR B 5% I F A (mitochondrial transcription
factor A, TFAM), M 1 H ¥ 28 ki & 3 2H
(mitochondrial DNA, mtDNA) ] & il f1 38 L5, 78 28
LR E G FE H, PTEN 5 5 38§ 1 (phosphatase and
tensin homolog-induced putative kinase 1, PINK1) F17Z
FOEHLBG Parkin A2 9 H L AT, Rl I B AL ik
PRI B 52 401 B ) e 2R R (0 2 R4, AT 4 45 SR 4
TSPy FE LRk fil G /2848 1 R v LR S 3 J A oK
) GTP B K% 1 &% 0 AE R, Hoh 2 bk il & % 1
(mitofusin 1, MFN1) Al MFN2 A i #f £& ki 44 &b it fib
AP KRS JAH 9K [ 1 (dynamin-related protein 1,
DRP1) WA 5 b A A JEE AR DL )37 47 5 1 48 B A
S H AT O E 1) 2RI A1 B DRP 52 44 Al 55 4R TR
TAFELRIA /245 1 (mitochondrial fission protein 1,
FIS1) Al 284 44 2445 [K] F (mitochondrial fission factor,
MFF) 504 2k T e B e 1 Lo 242 11 @Y, i 26 A
A o R s ) o i AR L R 2R A AR P R AR
() Bl A5 A ELAE R S8 OB 28 b, AR SO O %
LRAREABERR AL E R A B R SR AR B 25 5 T
T FF JE& M S 7, R MT ISL 2% % T2DM 5] A2 f) i B4R
AL 2 L
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WM ESLWMMAER  SPF J M CS7TBL/6)
ANER, T BT DU (R ) B ARG BR A A, S5 5)
YDA P VFATE S - SCXK () 2019-0010. /) & f] 7%
T b R 2 K B R B B M) % (20~24 °C,
50%~70% A, 12 h/12 hGREIE IR, Seih 7 R4
b5 R R 2 KB IR B 2 A ik dE (%R 5 BUCM-
2022021503-1134). A A9 41 ig HepG2 % H Ak 52 B Al
[ 2 B 4 i 8 U o

IWABAMIKFE  ISL (k5 B21525, 4i)F >
98%) A PH 14 25 — H X AK (metformin, MET, it 5 :
S30880, 4l [ > 98%) I F L g JE AW FHE A R A
Hl; #E R # K (streptozotocin, STZ, #it 5 : BN30130,
4 FE > 98%) M B A6 5T I AR AR R BCA BR A T
DMEM 7 4 55 77 £ H110.25% trypsin-EDTA [ A5
Gibco 22 7] 77 ity i 25 L6 A1 75 5% 2 BE 55 2 AP N &
Corning 2 & = & ; LR R AR W W 55 5 & W) 1~V
ELISA i 7 & « £& ¥ & UCP2 ELISA i 7] & . PGC-1a
ELISA i 7l £ . MFN2 ELISA iR 7 & /% Parkin & [
(PP) ELISA ik /il & #4108 5 L BB AE M BHECA IR 2
F]; MENT A 57 &0 0 B B0 2 5 B R I 4 A R
A, —uli 2 DNA/RNA $2 BUA A &8 B 4 TAY) T
& (L) B B R A 7] ; NovoStart® SYBR qPCR
SuperMix Plus Al NovoScript® Plus All-in-one Ist
Strand cDNA Synthesis SuperMix (gDNA Purge) 4 T
TN 5 B AR RO A PR A F] ROS Ao il i 771 &
T BT 75 LI A )RR I 3 A R 2 w15 MMIP s 3 71
& (JC-10) WHAL R REERHEARAA .

LIS EE  EPOCH M #r1X (35 [H Biotek Epoch 24
#]); QuantStudio™ 6 Flex qPCR 1% ( 3& [E Applied
Biosystems /A #); Centrifuge 5424 R {75, 5 3 2 0 HL
(% & Eppendorf A 7); CytoFLEX it =0 41 fe {1 (3%
Beckman Coulter A 7).

T2DM /NRAERWE R 74 4%Z5  C57BL/6) /)
BUIE YRR R 1R, H S BEAIL A A s e s v Rk (high-
fat-high-glucose diet, HFD) M2 37 25 F11 i@ 1k} (normal
fat diet, NFD) MEFR2H . ME5% 3 J& 5, % T HFD 4/ ER,
HELE S RAEHAE | 12 h 54 STZ 30 mg-kg™; Xf
T NFD ZH /N B, D0 6 S5 AR AR AT A R 2R 22 P (pH 9
4.5). K HFD 4 /s B, 25 B8 I p% K 7, B 4E 3 Ik =
11.1 mmol-L™ Bl A& A Dy ) T2DM /I Bl o % NFD /)y
B T2DM /MR BENL 2 A 6 4, B2 6 R, 55 3 KIE
HEREZ VK, FFE3 . W KGAERINT, A
4 (CTRL-vehicle): NFD ZH /]y i+ 22 JE 5] (0.5% 32 3
28 4E 2 AN B R 2k 4% v W), T B 45 25 4 (CTRL-

ISL-H): NFD £ /) Fi+ISL (20 mg-kg™); #7420 (T2DM-
vehicle): T2DM /) s+ 22 & 51 K57 & 45 25 40 (T2DM-
ISL-L): T2DM /) F+ISL (10 mg-kg); & 7 & 45 25 4
(T2DM-ISL-H): T2DM /) i, +ISL (20 mg-kg™); AP %
2 (T2DM-MET): T2DM /) R +MET (200 mg-kg'). %
G A HE /N BR, WSCER I NE, TR AF =80 °C#& FH .

MPEIEFE  HepG2 4 i 5 9% % i DMEM i B 1%
FRIEIRIN 10% A6 24 M35 1% 5 5 &= 8 %H = 0L,
37 °C5% CO,. H440 M LA 3.5x10° AN/ L) % 5 B ol T
6 FLAR, 2441 i ik & 2R 3k 3] 80% Hif 45 25 ISL (0 5+ 10
20.40 pmol-L™") AITMET (1.2.5.10 mmol-L™"), & 24 h
JE T R8st .

RT-qPCR #& U U5 £ 41 i FF &, SR 3 — 3l 50
DNA/RNA & BUIR 771 & 52 B 40 fi 5 RNA, 10057 55
cDNA. DL g-actin {F AN 2K, 1T RT-qPCR 43 T,
RS W 2 WL A A= ) e A R R Rl PGC-10 SIRT 1 TFAM
NRF 1, 2% %7 [ Wi AH 9% 5 [ PINK 1 Parkin; 287 {4 il
A A FE K MENTMFEN2 L) J 28 Fir A 58 45 A o J2% [A]
DRPI.MFFFISI )% 5K, % 5K 51 9 7 51 0L 3%
1, L A: 95 °C 1 min, 95 °C 20 5,60 °C 1 min, 3t
40 MG .

Table 1 The primers using for RT-qPCR analyses. PGC-la:
Proliferator-activated receptor gamma co-activator la; SIRTI:
Sirtuin 1; TFAM: Mitochondrial transcription factor A; NRFI:
Nuclear respiratory factor 1; PINKI: Phosphatase and tensin
homolog-induced putative kinase 1; MFNI: Mitofusin 1; DRPI:
Dynamin-related protein 1; FIS/: Mitochondrial fission protein 1;

MFF: Mitochondrial fission factor

Gene Sequence

PGC-la F: 5-CCAAACCAACAACTTTATCTCTTCC-3'

R: 5'-CACACTTAAGGTGCGTTCAATAGTC-3'
SIRTI F: 5-TAGCCTTGTCAGATAAGGAAGGA-3'

R: 5'-ACAGCTTCACAGTCAACTTTGT-3'
TFAM F: 5'-CATCTGTCTTGGCAAGTTGTCC-3'

R: 5'-CCACTCCGCCCTATAAGCATC-3'
NRF1 F: 5-AGGAACACGGAGTGACCCAA-3'

R: 5'-TATGCTCGGTGTAAGTAGCCA-3'
PINK1 F: 5-GCTTGGGACCTCTCTTGGAT-3'

R: 5'-CGAAGCCATCTTGAACACAA-3'
Parkin F: 5-GTCCAGCAAAGCATCGTTCA-3'

R: 5'-CAACGATGGAAGGATGCTGG-3'
MFNI F: 5-GTTGCCGGGTGATAGTTGGA-3'

R: 5-TGCCACCTTCATGTGTCTCC-3'
MFN2 F: 5-CAGGTGTAAGGGACGATTGG-3'

R: 5'-CAAATGGGATGAAGCACTGA-3'
DRPI F: 5-GAATGACCAAGGTGCCTGTAG-3'

R: 5'-AGCTAGGGTTCTGCGACCAT-3'
FISI F: 5-“TGGTGCGGAGCAAGTACAAT-3'

R: 5-TGCCCACGAGTCCATCTTTC-3'
MFF F: 5-TCTCAGCCAACCACCTCTGA-3'

R: 5'-TGAGAGCCACTTTTGTCCCC-3'
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ELISA &0 40 J FE & IS8 % 4140 B, 1 PBS
(pH 7.4) H &, B FZT MM E 1x10°4, RE %
R, B0 20 min (2 500 rminY), Ut & FIE, &R &
ELISA 371 & i B 15 #AF, W e 4 b AR s 2 5
[~V [ 3% P Al UCP2. PGC-1a- Parkin. MFN1. MFN2
MR B i RS BN U IIE, R EE, 2 Ee i
PBS (pH 7.4), 7843 213, B5.0> 20 min (2 500 r-min™), Y&
FE LI, $% BR % ELISA R 71 0 1 BH 10 #A, l5E 2kt
PRIEIEE S AT~V A UCP2 B A& & .

ROS # M  * 6 FLAR H 20 fd fil 5 23k 21 80% B,
L I IR %, DU I s DMEM K 97 3£ 78 U6 3 1k,
FLIIN 10 pmol-L” DCFH-DA, 37 °CH% & 20 min, LG
1375 DMEM 5 7% B35 Be 4 e 3 X, A ISL (51020,
40 pmol-L™") F1MET (10 mmol-L™") k¥ 2 h, 3F % B =
FF A, SR U 4 B ASOR I 40 i ROS 7K T«

MMP &30 4 6 FLAR 41 i il & 6k 1] 80% I, 45
24 ISL (5. 102040 pmol-L™") 1 MET (10 mmol-L™"),
HEESAXE, E 2 h )5 E A, A JC-10 %
0 TAE, 37 °CHEE 20 min, PLIC-10 et 28 il e
3 Wi R I A 40 B ARG

5 F3H$E K Discovery Studio 2019 K #F 4T
Gy PR, IS 4y 5 9 1A B AR B A
1, % 7€ Parkin 1 MFN2 2 [ 5 ISL Z M I 45 & R,
M RCSB PDB (https://www.rcsb.org/) 34 ¢ 35 BT 75
=Xy (A

Kt 54 K IBM SPSS Statistic 26.0 4t it
Iy, LR R R T7 2 70 Bt (ANOVA) #E4T 4t it 7
Br, DO+ ARAEZE (o + 5) RoR A8 -

#HR
1 ISL A EZ 40 T2DM /) iR BT B #1 HepG2 4R B AY
LR A F AL EER 1L

/IN BRFF JIE AN HepG2 41l b 2 br 44 I IR B 52 254
I~V [ & UCP2 & H KPR 52A
A B, BT 2 /N BB I 28 0 A O R B AR S P T TS
PR SRR L, ISL VAT ) 5 3 0 2k okr
PR IR G S S TG (B 1A), B4 245 MET I A &
3N 26 R PR IR RE A ) LAV s M (B 1A
CHIE). 445K 5 14 i AH L, ISL % 3 H % HepG2
S P R R IR T B AT A T ) 3 A Ak R
(F 1A), FF7E T B 7KF (40 pmol-L) w11 1) 28 4 44
W B A ) TLAD TV (& 1B D) [ 1t ; BH % 245 MET
T AT 5% 25 0 ) 2 R IO W B A A T T ANV )3
(B 1ALC\E). DA 255838, ISL n i ik 1) i) £ R 44
PR S 0 1) P 40 ) R A R AL T TR AL, AT

/> ATP (1] G fl, 5 A4 U1 802 1T 1A 58 oo 2% 21 11
ATP & T BB S AR A1, UCP2 (144 YA I 25
RN, SRRV AL, ISL AT Al 2 25 48 /N U F
UCP2 [7KF, B4 245 MET 3¢ 3 AR UL 1) 2% 585 44 4k
For I &5 S 7R 20 wmol- L K BA_E iR B ¥ ISL AJ e 25 42
17 UCP2 17K 1, 2 BH ISL W@ i 1 UCP2 i il] ATP
16 (B 1F).
2 ISL A ZEMEK HepG2 AP ROS K FEHIESH
MMP 7k

HepG2 4t il o ROS #a il 45 2 40 ¥ 2A i 7 : ISL
(5~10.20.40 umol-L") 45 % J5, ROS /K “F 73 Il F% ik
30.20% + 4.245%.25.30% + 5.909%.23.18% + 7.463%
K 24.35% + 7.891% (P < 0.01), 10 mmol-L"' MET %5 %4
J5i, ROS 7K °F- B#AK 15.74% + 7.467% (P < 0.05), 3% W]
ISL A1 BH P 25 MET ¥ 7] i 2 [%4IX HepG2 41 it ROS 7K
S U AN P AL R . 2R kA I A B A
JC-10TE R E AW, A a ik, IR IR A L IX
(Q1-UL) 4 BB H ¥ 43 th K 7x MMP ZKF-, A&l 45 5 4 el
2B fif 7 : ISL (5.10.20.40 umol-L™") 45 % J5, MMP 7K
Ty BT 2.267% + 1.451 0%+ 4.543% + 0.414 8%
4307% + 0.663 8% J 4.430% = 1.169 0% (P < 0.05,
P <0.01), 1fi 10 mmol-L" MET %24 5, MMP 7K - [£ 1%
2.380% = 1.091 0% (P < 0.05), 4% H 2 W] ISL 7] {2 3% 2
=1 HepG2 41l il MMP 7K ~F, B A — 52 1 28 R 44 ff 47
fEH
3 ISLXf HepG2 4L hi A% H & & « B I K 2k ik
SR E S AR E A

LR S B RS 45 SR a0 B 3A BT ISL AT Al i
A8 45 14 Hh B2 57 HepG2 41 i 7F mtDNA ff) /K V-, H.7E
20 pmol L' Jz PA Fyk BEik B B E M 2 R (K 3A), R
ISL AT & 5 HepG2 41 il i &R R pA s i o 2R KL AR AR R
AR S B AR 25 SR B 3B~D fi s ISL AL EE ]
i 2 B PGC-1a ) mRNA Al 8 (1 /K7, 38 7 3 25 42
51 SIRT1 A1 TFAM ) mRNA 7K -, B X} NRF1 7¢ & 35 1%
S, FH 25 MET 3R 30 A LA 25058, DA b4 SRR B
ISL o] fig E ZR i AA AL R 2k

BRI E W AH G B R )R 45 SR 4 I 3EVF
ISL #1 BH 4 24§ MET ¥J 7] & 2 = PINK1 A Parkin HJ
mRNA 7KV J Parkin [ 2 F 7K1, 3 B ISL A fi& 1 2%
PRENE1L

S R i A R DG B A1) RS 45 5 B 3G H B
7~: 20 pmol L A LA 9 FE 1) ISL W] i 25 42 i MFNT 1)
mRNA 7K -F, {HXF MFN1 [ & [ 7K P T8 5 35 1 52
1~10 pmol L™ ISL 0] & 2 42 5 MFN2 1) % %7K, 2~
5 pmol-L™" ISL W] & 25 4 /&y MFN2 [ & [H 7K, #] L
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Isoliquiritigenin (ISL) inhibits mitochondrial oxidative phosphorylation in the livers of mice and HepG2 cells. A—-E: Relative

activities of mitochondrial respiratory chain complex I-V; F: Protein levels of uncoupling protein 2 (UCP2). n = 6 (in vivo experiments) or

n =3 (in vitro experiments), X £ s. P < 0.05, "P < 0.01 vs CTRL-vehicle (in vivo experiments) or CTRL group (in vitro experiments); P <

0.05, ¥P < 0.01 vs T2DM-vehicle

ISL X MFN2 ¥ b /E FZE KGR & T RA B A, 28
7 A S8 A G BB AT A I & SR 1] 31 R AR R &=
ISL (5. 10 pumol-L™") Fl BH 14 25 MET ¥ 1] & 3 411
DRPI (] mRNA /KF-, {5 ISL %} FISI Fl MFF [#) %% 55 7K
IR E R . DL S5 R, ISL i i 4 =y MFN2
() 36 SRR (KPR #E R R R &, JFE N A
DRPI W) 55 7K P 0 B R Ak 2445 77 A — 58 52, AT

EECEE Y IR USTIEON
4 DFRHEWIFISL 5 Parkin X MFN2 E AWML S
BE

R b kLA 5 Wk K% Rl A DG HE £ ELISA 58
o458 (B 3FH), AR 5+ T Parkin 2 MFN2 4>
K E, o o0 ek — P 5 E ISL 5 HoAH BAE
H, 45 R0 El 4 Frs: ISL Al 5 Parkin 2 (1) ALA206.
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Figure 2 ISL reduces mitochondrial ROS (A) levels and increases MMP (B) levels in HepG2 cells. n =3, x £ 5. P < 0.05, "P < 0.01 vs
CTRL group. ROS: Reactive oxygen species; MMP: Mitochondrial membrane potential
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Figure 3

ISL promotes mitochondrial biogenesis, mitophagy, and fusion. A: Relative mtDNA levels; B: Relative mRNA levels of PGC-1a;

C: Protein levels of PGC-1la; D: Relative mRNA levels of mitochondrial biogenesis genes (SIRTI, TFAM, and NRF'1); E: Relative mRNA
levels of mitophagy genes (PINK! and Parkin); F: Protein levels of Parkin; G: Relative mRNA levels of mitochondrial fusion genes (MFNI
and MFN2); H: Protein levels of MFN1 and MFN2; I: Relative mRNA levels of mitochondrial fission genes (DRP1, FIS! and MFF). n =3,

x¥+s5. 'P<0.05" P<0.01 vs CTRL group
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Figure 4 Molecular docking of ISL with Parkin and MFN2. A: Three-dimensional structure diagram of ISL and Parkin protein molecule
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