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BRS04 1) R S 5 3 4 2500 A7 A i B 24 K 5 SE IR AN WA B % DL 2 R 5 PR b S8 DA i HepG2 41 A
YENSERAIE 2R, K AR EN (sodium palmitate, SP) if5 5 44 7 ik 5 2 HKPT (insulin resistance, IR) U, 5452
ISL S /I B B L 2 2 I W o I 2 2033 20788 40 10 4R A 2808, [ ) 1) A Tl K 4 9% IR B4V (enzyme-linked immune
sorbent assay, ELISA) K S %% ) %2 # PCR 7% (real-time quantitative PCR, RT-qPCR) £ ] ISL i il i X 16 5% gt 40
FUPVEEAE L, IR 231 0B R 43 7 30 ) SO0 ISL 5 B 4 AU A8 FLAE AT AL IR . 45 WK ISL T . 3%
P T2DM /AN B 205 5 LB 7K S, BER ARG e A= a8 42 0K B il T3 B R R AL I8 (pyruvate carboxylase, PC) - T & I i =X A il
IR ¥ 1L (phosphoenolpyruvate carboxykinase, PEPCK) 1S FE-1,6- B ERF (fructose-1,6-bisphosphatase, FBP) {54
AP RIS AT, N RS SR F B4R K T 4a (hepatocyte nuclear factor 4a, HNF4a) 5 cAMP J v G fF 45 &
H (cAMP response element binding protein, CREB) [f1%% s Al & [ 7K1, T 416l T2DM /) B IEARE S 4= ; ISL 7] FEAIC
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S FE R e S KT, R R G 5T A A 9% 36 IR i % SR /K 4% b, ISL B 011 T2DM /s BRI B 5 A=, 2 38 11 5 20 ik,
G BT & R, 2% T2DM 51 R g A% 1t 2l .
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Mechanism studies underlying the alleviatory effects of
isoliquiritigenin on abnormal glucolipid metabolism triggered by
type 2 diabetes
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Abstract: Isoliquiritigenin (ISL) is an active chalcone compound isolated from licorice. It possesses anti-
inflammatory and anti-oxidative activities. In our previous study, we uncovered a great potential of ISL in
treatment of type 2 diabetes mellitus (T2DM). Therefore, this study aims to reveal the mechanism underlying the
alleviatory effects of ISL on T2DM-induced glycolipid metabolism disorder. High-fat-high-sugar diet (HFD)
combined with intraperitoneal injection of streptozotocin (STZ) were used to establish T2DM mice model. All
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Medicine. HepG2 cells were used in in vitro experiments, and sodium palmitate (SP) was applied to establish
insulin resistance (IR) model cells. The effects of ISL on body weight, fasting blood glucose levels, and
pathological changes in the livers of mice were examined. Enzyme-linked immune sorbent assay (ELISA) and
real-time quantitative PCR (RT-qPCR) were applied to detect the regulatory effects of ISL on key targets involved
in glucolipid metabolism. Additionally, molecular docking and analytical dynamics simulation methods were used
to analyze the interaction between ISL and key target protein. The results indicate that ISL significantly
downregulates the transcriptional levels and inhibits the activities of key enzymes involved in gluconeogenesis,
including pyruvate carboxylase (PC), phosphoenolpyruvate carboxykinase (PEPCK), and fructose-1,
6-bisphosphatase (FBP). It also downregulates the transcriptional and protein levels of hepatocyte nuclear factor 4o
(HNF4a) and cAMP response element binding protein (CREB), the two transcriptional factors involved in
gluconeogenesis. Thus, ISL inhibits hepatic gluconeogenesis in T2DM mice. In addition, ISL reduces total
cholesterol (TC) and triglyceride (TG) levels in the livers of T2DM mice. Moreover, ISL downregulates the mRNA
levels of lipogenesis genes and upregulates those of genes involved in fatty acid oxidation, lipid uptake, and lipid
export. In conclusion, ISL suppresses hepatic gluconeogenesis, promotes lipolysis, and restrains lipogenesis in
T2DM mice, thereby improving the abnormal glycolipid metabolism caused by T2DM.
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A% LW T v MR 5 2R 23 W AN 2 9 R E™ . 2 BB SR 5
(type 2 diabetes mellitus, T2DM) 1 b fR 95 & =& B 1
A, BRI A AE e OB | e H i =R R SRR 3R
AL, H T2DM 5 £ b 7 A B 2 b i 5 A 8 I R
RE, AL FE B PR 5 R 9 505 38 L R A 48 0 AR AN 22 D
O iR IS0 o AR ] bl PR 9 10k HEL A A F) AR PR
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¥y 5 A2 7 AR oA, 3R B PR R B AR T
2021 47 A WS PR BB 1A 1,412, 20 RN T
10.2%", B pl Ay [ RAg FE i BRI -

5 H B &K (isoliquiritigenin, ISL) f& M 7 24§ H &
(Glycyrrhiza uralensis Fisch.; Glycyrrhiza inflata Bat.;
Glycyrrhiza glabra L.) H1 53 8545 31| (1) & /K B S5 40 54,
HA Z MBS, it S R Myt &5 . IR
S I S ST UE S AE IR R B & (high-fat-high-sugar
diet, HFD) 5 F I W /R i /> B, ISL AT 2% il i 15 25 41K
1 (insulin resistance, IR) A1k & ¥ HEAC i Fa A0, {8 %
ISL 4% bk 57 £ i 42 5 M5 AR AL 1) 1 Bk = & 4t
W,

B S A e AR B K AL S P S R R A U I
RE, AT 2 5 YE R LA I WE 7. 0l S A 55 0 B R AR T
#YVAA K, T2DM &3 LA MRS 7K~ 8 e, (B 4TS f
M T S A A R B, R R TR R AR,
{3 7 T2DM i 72 1 e ™, JHF I B 57 2E 52 2 A BROHE
i U8 51, 60 45 T4 | R 7R 1L B8 (pyruvate carboxylase,

PC)- i TR s i = 74 B % ¥ AL % (phosphoenolpyruvate
carboxykinase, PEPCK). $: 4 -1,6- B FREF (fructose-1,
6-bisphosphatase, FBP) 1% %] ki -6- 1 IR B (glucose-6-
phosphatase, G6P) %5 . B itk 2 4, 61 e 5 B T g -2/
b -2,6- B2 3 (6-phosphofructokinase-2/fructose-
2,6-bisphosphatase 3, PFKFB3) ] {# 1t FBP A% ) $1 l] 1)
(A B, AT TR 42240 R S A i A . RIS, B SR T
41 L #% [ T~ 4a (hepatocyte nuclear factor 4, HNF4a)
5 cAMP Jz B T/ 45 & H E (cAMP response element
binding protein, CREB) RJ I 45 b 57 A= JC B Il 1 2R ik 7K
S, AT S e 0 AR B A2

T2DM I K A K F 3 £ Bl 38 DL i A 35 6L, B
Jhe i £ W PR AR 2 B B T IR N, AR R
HEFRN i B 2R 43 W 52 BHJ2 77 AR T2DM (1) E ZE &R/,
T2DM 51 & 1 Jia A6 25 6L 32 Mg o7 8 L 70 A« 2E il e
A 2 AN R R 2wt H i =g AR S (adipose
triglyceride lipase, ATGL) 7 ¥ H i = 8§ (triglycerides,
TG) 43 fift 2 Uil 25 I Wi R (free fatty acids, FFA), ifiid
S AL BT IR 7% 36 (cluster of differentiation 36, CD36) i
NP, FEAEBESLAHES A 5 KBS (acyl CoA synthetase,
ACOS) 5 A B £ HH Bt % 7% 1§ 1 (carnitine palmitoyl
transferases 1, CPT1) MI1E H T 4k A Bt 2 5 i A
B J5, TG 4 A aE N ZRORE AR I TR, 7E KB L A T A
Jiit &% (long-chain acyl CoA dehydrogenase, LCAD)
A HEAT B W R B A A A i TR A A TR T i 4l
ity At ] £ T S i AR TR 2 T R A I A AL 1
(acyl CoA oxidase 1, ACOX1) 4L 317 I8 Wi R p 284k,
M2 5 Ja 22 15 B A 58~ IE ] B 6 1 2 Mg Dot i H
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LT A BRALTE 1 (acetyl CoA carboxylase 1, ACC1)
HHE B R A (fatty acid synthase, FAS) & fig [l B2 &5 1
AR ) K B B ; HMG-CoA & % i (3-hydroxy-3-
methyl glutaryl-CoA synthase, HMGS) Fl HMG-CoA it
Ji B§ (3-hydroxy-3-methyl glutaryl-CoA reductase,
HMGR) /2 I [i] B & Jl 38 45 1) 50 B il 5 0K A& = I H
¥ #% £ 1 (microsomal triglyceride transfer protein,
MTTP) 1% If & H B (apolipoprotein B, APOB) | &
5 R s o #RY . BRI Z AN, KRB R R Tl S AL
Wy g 1R 38 5E W) 3SR o (peroxisome proliferator-
activated receptor a, PPARa) W i 2 JIg JIij & 4 fift #H 5%
B[R CPTI.ACOXILCAD W32 ik, (S BE 15 oA 45 &
5 M lc (sterol regulatory element binding protein-1lc,
SREBPI1c¢) Flfk /K & 4 [ B o 44 45 & 5 1 (carbohy-
drate response element binding protein, chREBP) M| 1]
WA 4% 5 5 IR S B G 2k [ FAS ACCI ¥ ikt
b, AR SRS DL BB A 5 IR A SR B D s AT R
I, fi# B ISL 22 fil# T2DM 51 A HHE s A 25 6L 19 1 H
Bl .

MRS A%

SCIGENY  SPF 2% C57BL/6J /N R, M, 8 JA i,
e DUAR (A6 ) ZEMHE AR AR A A . W3R &
SPF % R B SR 55 s W 5, ¥ B - 22~25 °C, A JE -
50%~60%, Yol 12 h/12 h G2 B . /N R 4E Rt Rl
(normal fat diet, NFD) f1 HFD (1% '5: D12451) #W H
Wi AR (b m) BB ARG R AR . LR B4 =7
A[YES: SCXK (3%) 2019-0010; 5256 5 4 it & & 4% iIE
%51 110324211104663385. L5465 & 4 b 5w &
2 KFZ Yo B & 0 & #bdE (it 4E 5 . BUCM-
2022021503-1134).

HEMIRAFIE  ISL (it5: B21525, 4% > 98%,
gl # 2 a0 B 1A BT 7R) BEAE 25— B UL (metformin,
MET, fit 5 : S30880, 4l i > 98%, &% ¥4 =\ 1 & 1B it
) EE TR 4 (sodium palmitate, SP, #t 5 : S31807, 4l
B0 97%) A g i I E 2R (45 S81391, 4l 95%)
W T B R AR R A R A R BE R W R
(streptozotocin, STZ, #t*5: BN30130, 4fi f > 98%). B¢
4 2% (methyl thiazolyl tetrazolium, MTT, fit*5: BN30793,
afi B > 98%). 2F B 5 2 (L5 BN20285, 4 & > 27
USP units-mg™) F1 74 Bl BR #4 (fit 5 : BN30342, 4l % >
99%) & T b 3 B E i AE W R ECA IR A A = b
DMEM # 77 3 A1 g i 4 3% [H Gibeo A 7 77 & B4 1
TE T 5 R -5 & R WP 83K Corning 24 5] 7= i, —
i 7 DNA/RNA/E A& B0 A &0 T il A TAY T

TR BR A H]); SYBR qPCR SuperMix Plusl All-in-one
Ist Strand cDNA Synthesis SuperMix N ¥ T 5 L F7
A PR F P2 AR (GLU) MR & W T 795U ik
) TREWE 52 BT, PC PEPCK FBP 3% PE A8 M3 7] &5 0
IR Z K FEREHRAF; SH[EEE (total cholesterol,
TC) & & A & TG & &2 371 & 1 PFKFB3.
HNF4a. CREB. p-CREB i I 4 728 Wi B ik 77 &3 8 b
M IGIR A VR PR | P2

2 CO,MH i ¥ 7% # (MCO-18AIC, H &
SANYO 2 #l); & # & 0 Hl (Centrifuge 5418, &
Eppendorf 2 ®]); % Jt B #x {X (EPOCH, 3 [ Biotek
Epoch 24 7] ); PCR %= [Fl 4 844X (A300, HiH BH AL #AX
24 IR 2 @); qPCR 1X (QuantStudio™ 6 Flex, 3
Applied Biosystems /A 7).

T2DM /NRIZBBE R SEHRT 8 Ji Witk
C57BL/6J /R4 7 K& M PE A I J5 , B g 2 K oy 20
YR PGSR0 T RN 1C Fon: K/ REEAL KA,
43 792K FI NFD A1 HFD 4 8L 5% 3 J, Hf5 HFD Fi 3% /)N
BOESES R T2 12 h 5SS STZ (30 mg-kg™) ,
NFD 1 7% /I B3 D) 1 i v 565 A 5] 44 B2 B0 v 6 e 2k 42 ke
T (pH N 4.5). £ I HFD 4 7% /N & 19 723 I 1M 4 /K
*F, = 11.1 mmol-L" J9i& 12 5 I i) T2DM /M B . #4218
EIC FTR iR N 3 R 6 41 (n = 6), IR E S 45
29, FE3 R VIR, FREL3 . 4h 25 IR W I/ R AR =, I
T I A DKL, U /N B 7 e I IR K

NRBTBELELRTRIB MM A0/ RS, B HUT
JUE AR 1 R S50 40 U ST R Tl P 7R A T v
BN A AT EAYEH AR A, K OCT (optimal
cutting temperature compound) 2 F 34T A% VI A il
OG-, HiA LR It ER f, kA Case-
Viewer 2.4 B ALEE (20 £ 750K 2); A2 IR A i £
15T =80 °C# M

dHRETESIME DL 40 i HepG2 Jy SE 56 4H
L Z (0T 30 5T B 0 = 5 B 240 it 55 305 0, R e b
DMEM 5 77 3:+10% G 2F 13, T 37 °C.5% CO, K41
% SR A R B 9% . ¥ HepG2 41 L LA 2.0x10°~2.5%10°
ANIAL R B B AT 96 FLAR, 4 41 i fi & 320k 31 80%
I, 2 54525 1SL (0.5.10.20.40.80. 100 pmol-L™") 5
MET (0.1.25.2.5.5.10.20.40 mmol-L") 4b 2, £ 41 5
ANFEE, BFE 24 hJE KA MTT ik, i@ & 570 nm
(R S T 240 PR 3% iR AT A

RS RITIMAMEEIADE 1 0.25 mmol'L" SPf
T IR BN g HepG2 40 fitd LA 3.5%10°~4.0x10° />/4L
()% B R T 6 FLAR, SR H & 10% fig 248 135 & b
DMEM #5 77 5 1 7%, 157 41 f il & 28 80% K, B 4t hy
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A C “— Model establishment—|<~— Grouping —|<—— Drug treatment —
5 [<Feeding~|« Intraperitoneal —| < Intraperitoneal ——
L injection injection
1 2 3 4 5 times 1 2 3 4 5 6 7 times
s e |~ 111 L
Tsoliqiritigenin (ISL) 22 2|3 2|4 2|5 26 days zlt T 1|0 1|3 1|6 19 days
! CTRL-Vehicle (n = 6) ; i.p. PBS buffer with 0.5% CMC
N NFD ip. 0.1 mmol-L! CB CTRLASL-H (1=6) i AL
" )NJ: NH T2DM-Vehicle (n=6) | i.p. PBS buffer with 0.5% CMC
N M. ) T2DM-ISL-L (n=6) ip. 10mgkg! ISL
CH, HFD  |ip.30mgkg!STZ T2DMISLH (1=6) ip. 20 merke SL
Metformin (MET) T2DM-MET (n=6) | ip.200 mg'kg! MET
Figure 1 The scheme of animal experiments. A: The chemical structure of isoliquiritigenin (ISL); B: The chemical structure of metformin

(MET), the positive drug; C: The scheme of animal model establishment, grouping, and administration. NFD: Normal fat diet; HFD: High-

fat-high-sugar diet; i.p.: Intraperitoneal injection; CB: Citrate buffer; STZ: Streptozotocin; CMC: Carboxymethyl cellulose

TG L3 /= % DMEM 85 77 52 9 %h 78 0.25 mmol-L" SP,
H 24 h LU IR 4H A 7Y .

MPpRIEFF R G TE N IR 5 40 Mo % IR
HepG2 4 fitd #4 45 24 ISL (0. 5.10.20.40 umol-L") 5
MET (10 mmol-L™") b3, &F413 NHEE, 24 h 5 &%
LA R i, BEAT S SRR

B EIEEENE SALH 2405, AL
WREN 1 pmol- L7 (14 15 2V, W & 0.5 h 5 B E i,
GLU MG B - B b B0 & &=

MApEEEM LN E KA L M5 L #E DMEM
BRI G ZG A FR 18 h)E, I N2 9 100 mmol-L!
fty Jt v I 9% 25 A0 10 mmol- L™ () P9 BB AN I W, I B
4 hJE BB, R GLU Wik &0 I 52 55 9% 5 v 2 25 b

B,

TGHFTCHM KA TG M TC & &M & R 7 &
0 /N §RT T BE 5 5 HepG2 4 g #E & v TG 5 TC
R,

PR EEXIEREN KA PC.PEPCK.FBP &
P A& 91 3% 7 £ 5 PFKFB3. HNF4a. CREB. p-CREB
ELISA far il 77 &, A5 /)N B A o AT Hep G2 48 il
FF it OB S A A DG B TR PR R

RT-qPCR 4 WS4 & 2H /)N BRUFFIUE 5 48 B B i
PEELRNA, 105 5 1% cDNA . & B S 26 L I8 B R
G B RSORI R H OG B R TR I B SRR . A 2k A
95 °C 1 min, 95 °C 20 s.60 °C 1 min (40 1§3F). LA
Gapdh V& /)N B IERE & 23 B ) 9 2 82 B, Ll B-actin
£ HepG2 4l RUFE it 43 BT I S 55, SR A 27T ikt
SH bR A R I &, ISR 1 s .

DFMNERS FEHFEL 1 RCSB PDB
(https://www.rcsb.org/) F ¥ 2 3R X PEPCK &t [ — 4k 45
¥, 5 N Discovery Studio 2019 A4, B& i+ 75 1R 1 %
(root mean square deviation, RMSD) 1 /)N T 2.0 [ 3% 14
4%, 5 ISL #4740 1 082, il T /0 S I R,

SrBTRECAR 5 8 2 8 AR AR, ORS TR G AR R AT T
5. XM GROMACS-2021.2 #:4T 4> T8 J1 48 4, &
15 30 $h S 1 AMBER99SB-ILDN 7737 28 1%, fic 74
N SCAT B ACPYPE A8 H Amber AT 3742 o B2
FOLER (13 4b - 3E 78 TIP3P 7K AR B4 () 37 7 iR &7,
ANa BN s Pk R. B2, 57
s /ME 1000 25, JFIE T IZ 1725 A NVT R45)
AT HEAT 100 ps L PP, LIS ARG, 4£ 310 KR
FEFN 1.0 bar [k 77 F % H &5 5 & (NPT R 45) s i
47 100 ns I K (1 731 3 ) 4540,

B FE S KA GraphPad Prism 8.0 # {4 i 17
BIR 2, Seae g R DOIME + bRl % (x +5) BR, K
FH IBM SPSS Statistic 26.0 ¥4, #EAT 51 [8 2 77 2 73 #r
(ANOVA), L P <0.05 N ZEF BB G155 o

#HR
1 ISLX T2DM /)R FERERHNKRE

ISL & ¥7 H 18] 25 26 /) BR A 3 738 4015 o 35 b — 3L,
PR 8 ETHA (K 2A), B AM S A G 24 R
K T R S 2 A B 2 A AR EE A ) K
5.63% + 2.33%4.86% + 2.32%.4.20% = 1.73%.3.65%
+ 1.44%.6.17% + 1.25%.5.20% + 1.30% (P < 0.05), %
I KME L BN — B, R EIE TS ISL 5 MET KX
/N ROIE 8 AR TE AT ORAS RS2 . ISL ¥R 7 A1)/ iR =5 A8
I % A% A 47 0 40 ] 2B B s s &80 FE 4R 7 IRVE 9T, ISL
/v 7R B VR T 4 R BH P 24 240 /N BRI It A 2 S A
33.08% + 5.19%.27.52% + 2.76% J% 23.34% + 3.34%
(P <0.001), B ISL ¥ J7 7] & 3 P& T2DM /) R 25 18
I RE K

2C FiR A8 20/ BRI RE R, AT YR 97 1 )5 4
ML TC R E . SR, /N BRUFIE D) Fr il 40 0 Y £
g} (E2D) Bor: 52 A4/, T2DM /) R
JIEE g i KB R4, A4 ISL MIMET 1697 Jo g i AR B i &

/N =

=/
5
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Table 1

The primers used for RT-qPCR analyses. Pcx: Pyruvate carboxylase; Pckl: Phosphoenolpyruvate carboxykinase 1; Fbpl:

Fructose-1,6-bisphosphatase 1; Pfkfb3: Phosphofructokinase-2/fructose-2,6-bisphosphatase 3; Hnf4a: Hepatocyte nuclear factor 4a; Crebl:

cAMP response element binding protein 1; Gapdh: Glyceraldehyde-3-phosphate dehydrogenase; PPARa: Peroxisome proliferator activated

receptor gamma coactivator la; ACOXI: Acyl-CoA oxidase 1; LCAD: Long-chain acyl-CoA dehydrogenase; ATGL: Adipose triglyceride

lipase; ACOS: Acyl-CoA synthetase; CPTI: Carnitine palmitoyl transferases 1; SREBPIc: Sterol regulatory element binding protein Ic;
chREBP: Carbohydrate response element binding protein; ACC/: Acetyl CoA carboxylase 1; FAS: Fatty acid synthase; HMGR: 3-Hydroxy-3-
methyl glutaryl-CoA reductase; HMGS: 3-Hydroxy-3-methyl glutaryl-CoA synthase; CD36: Cluster of differentiation 36; MTTP:

Microsomal triglyceride transfer protein; APOB: Apolipoprotein B

Sample Gene Forward primer 5'-3’ Reverse primer 5'-3'

Mice liver Pcx GCCCAGAAGTTGCTACATTACCT CTCACATTGACAGGGATTGGA
Pckl CACCATCACCTCCTGGAAGA GGGTGCAGAATCTCGAGTTG
Fbpl GTGTCAACTGCTTCATGCTG GAGATACTCATTGATGGCAGGG
Pfkfb3 CAACTCCCCAACCGTGATTGT TGAGGTAGCGAGTCAGCTTCT
Hnf4a ATGCGACTCTCTAAAACCCTTG ACCTTCAGATGGGGACGTGT
Crebl CAGGGGTGCCAAGGATTGAAG ACTGCTAGTTTGGTAAATGGGG
Gapdh TGGGCATGAACCATGAGAAG CCACGATGCCGAAGTTGTC

Human HepG2 cell PC GATGCAGGGGTCCGGTTTATT GAAGCCGTAGGTGTTGGAGA
PEPCK AGTAGAGAGCAAGACGGTGAT TGCTGAATGGAAGCACATACAT
FBP CGCGCACCTCTATGGCATT TTCTTCTGACACGAGAACACAC
PFKFB3 ATTGCGGTTTTCGATGCCAC GCCACAACTGTAGGGTCGT
HNF4a CGAAGGTCAAGCTATGAGGACA ATCTGCGATGCTGGCAATCT
CREB CCACTGTAACGGTGCCAACT GCTGCATTGGTCATGGTTAATGT
PPARa CCTGCAAGAAATGGGAAACATC GCCAGGACAGCTTCCTAAAT
ACOXI1 TGTCCTATTTGAACGACCTGCCCA AGGTTCCAAGCTACCTCCTTGCTT
LCAD GATTAAAAGCCCAGGATACCGC AGGTGAGCAACTGTTTTGCCA
ATGL GAGATGTGCAAGCAGGGATAC CTGCGAGTAATCCTCCGCT
ACOS CGACGAGCCCTTGGTGTATTT GGTTTCCGAGAGCCTAAACAA
CPTI ATCAATCGGACTCTGGAAACGG TCAGGGAGTAGCGCATGGT
SREBPIc ATCGGCGCGGAAGCTGTCGGGGTAG ACTGTCTTGGTTGTTGATGAGCTGGA
chREBP AAGATCCGCCTGAACAACG CACTTGTGGTATTCCCGCATC
ACCI GCCTCTTCCTGACAAACGAG TGACTGCCGAAACATCTCTG
FAS CCCTTGATGAAGAGGGATCA ACTCCACAGGTGGGAACAAG
HMGR TGATTGACCTTTCCAGAGCAAG CTAAAATTGCCATTCCACGAGC
HMGS CATTAGACCGCTGCTATTCTGTC TTCAGCAACATCCGAGCTAGA
CD36 CTTTGGCTTAATGAGACTGGGAC GCAACAAACATCACCACACCA
MTTP ACAAGCTCACGTACTCCACTG TCCTCCATAGTAAGGCCCACATC
APOB TGCTCCACTCACTTTACCGTC TAGCGTCCAGTGTGTACTGAC
p-Actin GAGAAAATCTGGCACCACACC GATAGCACAGCCTGGATAGCAA

Wb RN B IE TC A TG & &, 45 3 an &
2E fiion: 525 H4LAH B, T2DM /) BUFFIE A TC A1 TG
)2 &R 35 T, ISL VR T W AT 2 2% [ I8 T2DM /) B
JFFIE TC A0 TG 1% i, BHE 25 MET B A A AL 1 FH 2%
B Mg R 5N R EY) il 4 O Gt 5 AW 4 -
25 b, ISL AT B T2DM /I R 25 I8 A0 7K T, 4006 1ok
JIG TR 2R, 2 AR JET IO g s A% 12k o
2 ISL X} HepG2 4Hfa 5 & HERE R AN E

AN [ FE ISL AL = HepG2 £ i 3% 7746 il 45 5 4
Kl 3A At 75 ¢ ISL E 5~40 pumol-L' & & 35 Fl P %
HepG2 40 M #& 73 76 % 3% 52 W, 1fij /=5 T~ 80 pmol L' ISL
) S5 25 0 1) 400 BTG 0, WCR 5 ~40 pmol - LB B VR
YENISL JG 2R SE 50 1 TAEW S o [RIBS, AHE AT T
AN [F) A< FE P4 25 MET 4b 22 J5 HepG2 41 B 75 /1 1 A8 4K,
45 B4 B 3B T 7 0 20 mmol-L & LA 3 B K T 1Y

MET X 48 Jf i /3 H Bl /E FH, %R H 10 mmol- L'
JNMET J& 225256 1) TAEWE . DL ByRE RS
SCHR'S R TE AR A

ISL AP J5 1F % 41 fd 5 TR A% 78 201 it 1) ] 267 0 V1 A6
UL 3C Fro: 5 15 40 A AR L, TR B 7R 40 il 5 9%
W B H A S REE LT (P<0.01), RIPERE
i B AT AE DL R, HepG2 41 FfS (¥ b £ UG8 77 BA 5
VR 59; [, ISL 5 MET 4b ¥ A] & 25 FA% 1E 3 4 i 5
IR R s FR v EiE h s & M & &, R ISL 5
MET 4b ¥ ) 1] 14 5% HepG2 41 i 1) HE S HLBE /7, AT 2
1 5 FACHT IR 1) S R A
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HepG2 cells. A: Cell viability with ISL treatment; B: Cell viability

ISL alleviates abnormal glucolipid metabolism in
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Figure 4 ISL inhibits gluconeogenesis in the livers of T2DM mice and cultured HepG2 cells without SP stimulation. A: Relative mRNA
levels of Pcx and PC; B: Protein activities of PC; C: Relative mRNA levels of Pck I and PEPCK; D: Protein activities of PEPCK; E:
Relative mRNA levels of Fbpl and FBP; F: Protein activities of FBP; G: Relative mRNA levels of Pfkfb3 and PFKFB3; H: Protein levels of
PFKFB3; I: Relative mRNA levels of Hnf4a and HNF4a; J: Protein levels of HNF4a; K: Relative mRNA levels of Creb! and CREB; L:
Protein levels of CREB in the livers of mice and the relative p-CREB/CREB in cultured HepG2 cells. n = 6 (in vivo data), n = 3 (in vitro
data), ¥ £s. "P<0.05, "P<0.01, P <0.001 vs CTRL-Vehicle; "P < 0.05, P < 0.01, P < 0.001 vs T2DM-Vehicle
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ISL enhances the mRNA levels of lipolysis and FFA oxidation genes, inhibits those of lipogenesis genes, and increases those of

lipid uptake and export genes in HepG2 cells. A: Relative mRNA levels of lipolysis gene (47GL) and FFA oxidation genes (PPARa, ACOS,
CPT1, ACOXI, and LCAD); B: Relative mRNA levels of lipogenesis genes (SREBPIc, chREBP, ACCI, FAS, HMGR, and HMGS); C:
Relative mRNA levels of lipid uptake gene (CD36); D: Relative mRNA levels of lipid export genes (MTTP and APOB). n =3, X 5. P <

0.05,""P<0.01,""P<0.001 vs CTRL group
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Figure 6 Molecular docking and molecular dynamics simulation of ISL and PEPCK. A: Three-dimensional structure diagram of ISL and

PEPCK protein molecule docking (PDB ID: 2gmv); B, C: Two-dimensional structure diagrams of the protoligand/ISL and PEPCK protein
molecule docking, respectively; D—G: The RMSD values, Rg, SASA, and RMSF values of the PEPCK protein and PEPCK-ISL complexes,

respectively. A/Vrepresents amino acid residues with the same effect in the protoligand and ISL. RMSD: Root mean square deviation; Rg:

Radius of gyration; SASA: Solvent accessible surface area; RMSF: Root mean square fluctuation
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