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(T2DM). In the in vivo study, 8-week-old male C57BL/6J mice were fed with a high-fat and high-sugar diet and
injected intraperitoneally with streptozotocin (STZ) to establish a T2DM model. LCA (5 and 10 mg-kg"') was
administered at an interval of 3 days for 3 weeks with metformin (MET, 200 mg-kg™") as a positive control drug.
The animal experiment protocol was reviewed and approved by the Experimental Animal Ethics Committee of
Beijing University of Chinese Medicine (approval number: BUCM-4-2021061701-2060). Human hepatoma cell
line HepG2 was used as the experimental cell line for in vitro experiments. Sodium palmitate (SP) was used to
induce the insulin resistance cell model and tunicamycin (TM) was applied to establish the ER stress cell model.
Real-time quantitative polymerase chain reaction (RT-qPCR), enzyme-linked immunosorbent assay (ELISA) and
Western blot (WB) were used to detect the mRNA and protein levels of gluconeogenesis and ER stress-related
targets, respectively. Molecular docking and dynamics simulations were used to verify the interaction between
LCA and key targets. The results showed that LCA inhibits gluconeogenesis by reducing phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase (G6P) and increasing 6-phosphofructokinase-2/fructose-2, 6-
bisphosphatase 3 (PFKFB3) at both the mRNA and protein levels, as well as suppressing the activity of pyruvate
carboxylase (PC). Additionally, LCA alleviates ER stress by downregulating the transcription of eukaryotic
initiation factor 2 subunit a (elF2a), inositol-requiring enzyme la (IREla), X-box binding protein 1 (XBP1), c-Jun
N-terminal kinase 1 (JNK1), and activating transcription factor 6a (ATF6¢), inhibiting the transcription and protein
expression of glucose-regulated protein 78 (GRP78), and suppressing the phosphorylation of protein kinase
RNA-like endoplasmic reticulum kinase (PERK). In conclusion, LCA alleviates abnormal gluconeogenesis and ER
stress, thereby ameliorating the abnormal metabolism induced by T2DM.
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90%"'. T2DM [ i BLREAE 2 i % 5 2 #KPT (insulin
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(liquiritigenin)+ & H # # (isoliquiritin). 5 H & %
(isoliquiritigenin) A1 H ¥ 7 /R il A (licochalcone A,
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il D9 R 2 pEE R KA

MRS R

SCISEM  SPF 2% C57BL/6) /N L (8 JAWE, i),
o DUAR (Abn) EMEARGIR AR . LRV
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KF  LCA (ZEFF: 99.92%, #It5: 151015, K # &
BRI R A B A A)); 4-2K T 1R (4-phenyl butyrate
acid, 4-PBA, 40 J% > 99%, {lt 5 : P132032, b#gf 4 T
AR AR B R A0 A TR 4 A&, B R 1A B & (streptozotocin,
STZ, ta i 4k, k5 : BN30130, Jb 5T & 5tk AL MR A
PR 72 ®]); MET (40 £ : 98%, fit 5 : S30880). &K % &
(tunicamycin, TM, 4l & > 98%, It 5: S17119) I & L
W UR I AE VRN IR A W] DMEM & b 55 77 2 L &
B R PO G N 3% [E Gibeo 77 i iR 2 ML IE
(fetal bovine serum, FBS) 243 [H Corning /™ fin; — i X
DNA/RNA/E F #2 Bl & e A vh A4 A T
(i) B4 A R A & ; NovoScript” Plus All-in-one 1st
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F1 NovoStrat® SYBR qPCR SuperMix Plus & 7| &5 4 H
v [ T AR R PR A A R S R (R R AR
AT ) A ) S 0 T R R AR ) R TR
2-NBDG #] % #% 55 ORI 1877 5 09 5% [5] APEXBIO 2 7]
72 it Bl TR A e X TR B PR 2 R (phosphoenolpyruvate
carboxykinase, PEPCK). 4 [l B8 ¥ 1t B (pyruvate
carboxylase, PC).  ¥¥ 1, 6- — % 2 & (fructose-1, 6-
bisphosphatase, FBP) F1 7 % # -6- % FR B (glucose-6-
phosphatase, G6P) ¥ ¥ il i 771 & P & BCA # K
J& W 52 377 & SDS-PAGE #E 1% il 4 i 77 & A PVDF
JE e b RO R A PR A )5 61 R R A I
Pt -2/ 9% B -2, 6- — % B2 I 3 (6-phosphofructokinase-2/
fructose-2,6-bisphosphatase 3, PFKFB3). % %] ## 1 15 &5
1 78 (glucose-regulated protein 78, GRP78) Fl C/EPB
[ Y & H (C/EBP homologous protein, CHOP) fiff Ift 4
AR S B BRI AR A R A A EBECL
2 R GRS B A 5K R A A R A A
f-actin, & [ i ¥ B RNA Ff 35 38035 T (protein
kinase RNA-like endoplasmic reticulum kinase, PERK)
A1 phospho-PERK (Thr980) X & — 4t 14 [ 3& & Cell
Signalling Technology 2 7] ; GRP78/BIP X % —$t )it F
2 [F Proteintech A 7 .

EF A (EPOCH, 3 [E Biotek Epoch A #);
RT-qPCR 1% (QuantStudio™ 6 Flex, 3 [E Applied
Biosystems A #]); K iff: 51 % & o ML (Centrifuge 5424 R,
18 [ Eppendorf 7 #]); CO, 18 i £ 7% 5 (MCO-18AIC,
H 4 SANYO 7 7]); Mini-PROREAN® Tetra Hi, jik #ti
(1658004) PowerPac = 7ift i Uk 1 (1645050). % T fig 7
F 1% 24t (ChemiDocmp), 3% [ Bio-Rad /A ] »
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A, 53 o) K B v i R & (high-fat-high-sugar
diet, HFD) #1518 4E K54 £} (normal diet, ND) ME5%, #F
423 . 2212 h, HFD 41/ I8 i 3 5 STZ ¥
(30 mg-kg™"), ND 4/ 53 56 S5 AR BB BE (i 1R 28
eI, pH = 4.5), Fr2l 5 Ko K2 7 7 hofiopE K7,
43K > 11.1 mmol-L, Bl NS BRI . W3R 1 Fr
7N, K i B R Th /) HED 21/ BB HL 2 o AR R
(T2DM-vehicle). LCA 5 J7 41 (T2DM-LCA-L #l
T2DM-LCA-H) #1BH 14 24 40 (T2DM-MET)”; 4 ND
41/ R B ML 5 2 [ 41 (CTRL-vehicle) F125 H 45 2
#1 (CTRL-LCA-L). #A#j 4G, MIRBRALTE, 4 25 1T
Ik, F-80 °CLRAF# FH

Table 1 Grouping and administration of experimental animals

(n = 6). T2DM: Type 2 diabetes mellitus; LCA: Licochalcone A;
MET: Metformin; ND: Normal diet; HFD: High-fat-high-sugar diet

Group Diet Drug Dose/mg-kg’!
CTRL-vehicle ND / /
CTRL-LCA-L LCA 5
T2DM-vehicle HFD / /
T2DM-LCA-L LCA 5
T2DM-LCA-H 10
T2DM-MET MET 200

WAIEF R ERY  RH DMEM K 97 25+10%
FBS+1% 7 % 2 —#E % 2 W P15 7% HepG2 41 (37 °C,
5% CO,)o FRIRA RUFHIAHAFER T 6 FLIR (3.5%10°1MAL),
LA MRS 5 B 80% AT 4R 2, W E LCA WK
B 0.5.10.20.40 pmol-L"; LA MET (10 mmol-L™)
ARk I B S5 A A O HE A 1R BH 2 245 5% HE U5 DL 4-PBA
(1 mmol-L™) A A I P i 99 S5 R G 8 A 1 BH 4 24
X HEUS,

R EMMERLE RHAGHEEM (sodium
palmitate, SP) 15 3 IR 8, >R FH MM (methylthiazo-
letetrazolium, MTT) Lt (735 747 SP 771 & VUl i %k, %
B SP Kk R E N 0.0.125.0.25.0.5. 1 mmol-L", 41
61N TAT .

MEEEFEEFEME KH 025 mmol-L"' SP&
9 & HepG2 41 fitd 24 h, DA 2 IR 4l R B AL ; 45 F
LCA (0.5.10.20.40 pmol-L™") I MET (10 mmol-L™")
ARFE 24 h, RN N 1 pmol L 1S RIEW, W H
0.5 h, B 3AFAT; B3, SR F 7 &7 0% & 2 A
T AT I 5 25 5% 77 5k v (14756 27 B 7K P, LSz B 44 e 1)
1 BRI ARG O



+ 3294 - #2224k Acta Pharmaceutica Sinica 2024, 59(12): 3291-3303
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IR 40 ff A5 784, 1 5 o H G % DMEM #% 9% 2545 7 LCA
(0.5.10.20.40 pmol-L™") #1 MET (10 mmol-L") X- ¥ 18 h,
IINZEHRPEH 1 pmol L R 28, %5 0.5 h, [ 34
AT, FF B, IINGE & 2-NBDG, 37 °Ci#¢ i & 20 min,
K FH 2 ' T A 4SO I % 2H 240 B A & 7E Ex/Em = 485/
535 nm FIIRUSCAEL, LA Bt 200 e P 7 26 4 25 L RE 77

MW EEERENE KA R A E D7
IR 2 R 7Y L J o PG UL 3% G DMEM 15 97 3645 7
LCA (0.5.10.20.40 pmol-L") A1 MET (10 mmol-L™)
ARFE 18 h, N 29K A 100 mmol- L™ ik v i 4 2 Al
10 mmol- L' N B PR AN AW, % 6 4 h, &F2H 3 AF47; B
I, SR P A S R I KR A I - 4 B IR A
(107581 267 B 7K, LA S IR e 1) 1 6 B i e

YR R B B AG I K HepG2 4H 42 i
F 6 FLHR (% FE: 3.5%10°4N/FL), R H % 10% FBS (1 5
B DMEM $% 7%, 4 41 f fill & 2 18 2 80% i, ot H 7%
2% FBS [1) = ¥ DMEM % & , & B 25 14 AL A
LCA %4754 (5.10.20.40 umol-L™") LA K BH14: 25 4-PBA
H (1 mmol-L™"), M & 24 h )&, IIANZHKIE N2 ug'mL’
™, F¢ & 4 h, iF5 5 P95 R Y

SRR Y S AL AN RE S, SRR R
RNA, ¥ #% 5% & cDNA. LA B-actin NN Z 5L K], 4T
RT-qPCR 73 #r, #& Wl B 5 4= AH 5% 2& K G6P. PC.
PEPCK. PFKFB3. FBP F1 N Jii W N ¥ A ¢ 2%
GRP78+CHOP - c-Jun & % K i B4 B 1 (c-Jun N-terminal
kinase 1, JNKI) . X-HEZ5 & 2 H 1 (X-box binding protein
1, XBP )i L5 3% [ F 6a (activating transcription factor
6a, ATF6a)~ PERK « . 1% 8 % 2 46 K -~ 2a (eukaryotic
initiation factor 2 subunit a, elF2a)- Jl ¥ {K ¥t B la
(inositol-requiring enzyme la, IREla) F) %% 3% K1, 5l
Y 5 W2 2, )BFE 95 °C 1 min, 95 °C 20 s,
60 °C 1 min (40 MEFF).

ELISA #&0  =% H ELISA i 77 & il 52 /N 5T W
Al HepG2 4H g ¥ i o PFKFB3 . GRP78 il CHOP [f &
HE&E.

BEEARIM R FH i M A AR5 A /) B
H1 HepG2 41 f £ i # PC.PEPCK .FBP 1 G6P [ 4

EHRENTE R (Western blot, WB) #5014 &%
SN A &b, SRENAI ISR (1, BCAVED & B R IR .
- FLEL 20 pg 25 H A, il SDS-PAGE Bk HL K HEAT
EAESE, B EA A% E PVYDF . 5% it g 47
W/5% 2 ILTE (& R E ), 54 R —$14 °C T i
B, RH, BEAWE WS, WK %5 G #%
ECLRF & TR B . INSEA f-actin N

Table 2 The primers used for RT-qPCR analyses. GRP7S:
Glucose-regulated protein 78; CHOP: C/EBP homologus protein;
JNKI: C-Jun N-terminal kinase 1; XBP/: X-box binding protein 1;
ATF6a: Activating transcription factor 6a; PERK: Protein kinase
RNA-like endoplasmic reticulum kinase; e/F2a: Eukaryotic initiation
factor 2 subunit a; /REla: Inositol-requiring enzyme la; PEPCK:
Phosphoenolpyruvate carboxykinase; PC: Pyruvate carboxylase;
FBP: Fructose-1, 6-bisphosphatase; PFKFB3: 6-Phosphofructokinase-
2/fructose-2,6-bisphosphatase 3; G6P: Glucose-6-phosphatase

Gene Sequences (5'-3")

GRP78 F: GCACAGACGGGTCATTCCAC

R: CAACGATGGAAGGATGCTGG
CHOP F: TTGCCTTTCTCCTTCGGGAC

R: CAGTCAGCCAAGCCAGAGAA
JNK1 F: ACACCACAGAAATCCCTAGAAG

R: CACAGCATCTGATAGAGAAGGT
XBPI F: ATGGATTCTGGCGGTATTGAC

R: GAGAAAGGGAGGCTGGTAAGG
ATF6a. F: AGCAGCACCCAAGACTCAAAC

R: GCATAAGCGTTGGTACTGTCTGA
PERK F: CTCGGGAAAAGGTAATGCG

R: ATCCATCTTTTCTTGCCACTTC
elF2a F: TAGCCTTGTCAGATAAGGAAGGA

R: TTTGGCTTCCATTTCTTCTGC
IREla F: AGAGAAGCAGCAGACTTTGTC

R: GTTTTGGTGTCGTACATGGTGA
PEPCK F: AGTAGAGAGCAAGACGGTGAT

R: TGCTGAATGGAAGCACATACAT
PC F: GATGCAGGGGTCCGGTTTATT

R: GAAGCCGTAGGTGTTGGAGA
FBP F: CGCGCACCTCTATGGCATT

R: TTCTTCTGACACGAGAACACAC
PFKFB3 F: ATTGCGGTTTTCGATGCCAC

R: GCCACAACTGTAGGGTCGT
G6P F: GGATCTACCTTGCGGCTCACT

R: TGTAGATGCCCCGGATGTG
[-actin F: GAGAAAATCTGGCACCACACC

R: GATAGCACAGCCTGGATAGCAA

Z 6, K GRP78 1 PERK 1] £& 4 7K 7= LA )2 PERK [}
WEIRL /K, F Tmage J81F 73 #T 455 K B

F3HHE  7E PubChem %4 & R4 LCA (PubChem
CID: 5318998) [1] 2D 45 #4), f# F§ AVOGADR 1.2.0 %}
HE4T 3D @4, H/E MMFF94 7137 N 3HT fg & & /ML
7£ RCSB #¥& i T %% PEPCK .G6P . GRP78 Al PERK [f]
3D 45 #4); % 1 AutoDock Vina 1.1.2 844 347 4> 7 %
B, Wi T 58 AR A AR 8T, 5w k8
EHSLCAZAIMSEERE ST .

DFNHFREI A 5T 3 775 A gromacs
2021.6 FE4T AL, A Multiwfn 522 &80/ 1 1)
RESP2 i faf , /£ GAFF J1 ¥ 4= i 40 # C #F, 1
AMBER14SB_PARMBSC1 /737 4 ik B 2 5046 S A1
PLE AW 090, BN SPC/E /KA RL 731+, A2 AT J7 4
IKET, AWK T B INAH B & 7 R R B 4
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JJi7: 80 pmol-L™ Jz BA_F ¥ FE 1¥] LCA %f HepG2 4 il A
AAMEE. &6 CHRRIE, f5 2k g0 e B

Cc -

A ; -
O 40
110 g
&n 304
,\
= g
E 5100 =
= & —
g o 3
= © k% °
S 2 104
O S 80 3
=
70 O

LCA/pmol-LM 0 20 40 60 80 SP/0.25 mmol-L™!

LCA/ pmol-L"!
MET /10 mmol-L™!

100

B D 200-
150
o ~
n ERCRE
= Ei0o 5 g
< 5 2 51004
.E 8 sk A
B ok m ©
= © Z ©
S 550 SRS
01— r T r
SP/mmol-L'! 0 0125 025 05 1 SP/0.25 mmol-L-!
LCA/ pmol-L™!
MET/ 10 mmol-L"!
w08
£
g)o.s-
Sy
S 0.4
)
Q
2 0.2-
Q
=
© 0.4 A 2
SP/0.25 mmol-L! - -
LCA/ pmol-L! 5 10 20 40

MET/ 10 mmol-L™!

0-

o
1

(=]
1

0-

LCA 6 I JE 4 5.10.20.40 umol-L"'. SP TAEIK &
e 25 B B 1B Fr 7 0.5 mmol-L 2 P ¥ 1) SP
Xf HepG2 4l g A 4u e B 45 & SCHRPO kA, B
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Fran: AT 16 4B, TR OB 7R 41 40 3% % 2 13
R KT 2 T, R IR 580 Hep G2 4H i 1) 53 31
FEU /b . LCAFIMET 4b B J5 1F 5 2H A TR A5 784 20 24 ifg
R IR 3 B3 bR AR K T 1 B 35 BRI, W] LCA Al
MET R £ i £ it 114 7] 25 0 315 FE e

ik I 2 K P 20 T 2 W R ORI 45 SR o 1 1D
o s FRT 1E & 40 i, TR B AL 20 40 il % 2-NBDG [
W USCAE 5 3 R B, 2R B IR 5 2 Hep G2 41 A 11 4 55 B A
JI N FE. LCARIMET Ab 2 J5 1F 5 41 J %5 754 2H 41 Jfa
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Figure 1 LCA stimulates insulin sensitivity and inhibits gluconeogenesis in HepG2 cells. A: Cell viability with LCA treatment; B: Cell

viability with sodium palmitate (SP) treatment; C: Insulin-induced glucose consumption of normal and insulin resistance (IR) model HepG2

cells; D: Insulin-induced glucose uptake of normal and IR model HepG2 cells; E: Glucagon-induced glucose production of normal and IR
model HepG2 cells. n=3-6, ¥+ s. 'P<0.05,"P<0.01 vs CTRL group; "P < 0.05, P < 0.01 vs model group
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2 M, TR RSS2 20 e s 7R 2 3 o A R KR
FEr, 22 05 IR 3 E040 M 1) b S AR KCE T, AR 2
BRI 753 . LCA FMIMET AbFE J5 1E 5 40 S A5 A
S 5 7R L R A B KT 2 WS RIS, SRPTLCA
FIMET T B4 i 11478 47 B 3 H /K, S fdhil 2

2 LCA 7] 2Z %) T2DM /) iR BT BE #1 HepG2 4 B
ERE

PEPCK ] f# 1k Bl 2, 1% 5 A8 i R 4 Wt =X 1A T
1%, GOP T fH 1k, 6-Tf 1% ] 21 0 7K At o ] 261 B, LG 20 )¢
ISR W S A AR A 11 O PR D RO AR R 2 T A
WF ¢ K B, LCA 5 J7 ] & 3% % (% T2DM /) 8T I
PEPCK F1 G6P [l 75" . ALt — LI T PEPCK
HTGOP (1) 47 A1 s 3% 7K 7 Bl 3% R D0, 485 51 23 391 [
2ABflin: 5 EAXTIBAM L, LCA 4P 2 3 T 1
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Figure 2 LCA inhibits gluconeogenesis in the livers of T2DM mice and cultured HepG2 cells. A: Relative mRNA levels and enzyme
activities of PEPCK in HepG?2 cells; B: Relative mRNA levels and enzyme activities of G6P in HepG2 cells; C: Enzyme activities of PC in
mice livers; D: Relative mRNA levels and enzyme activities of PC in HepG2 cells; E: Protein levels of PFKFB3 in mice livers; F: Relative
mRNA and protein levels of PFKFB3 in HepG2 cells; G: Enzyme activities of FBP in mice livers; H: Relative mRNA levels and enzyme
activities of FBP in HepG2 cells. n = 6 (in vivo), n = 3 (in vitro), £ s. P < 0.05, "P < 0.01 vs CTRL group; “P < 0.05, P < 0.01 vs model
group
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Figure 3 LCA inhibits endoplasmic reticulum (ER) stress in the livers of T2DM mice and cultured HepG2 cells. A: Protein levels of

GRP78 in mice livers;

B: Relative mRNA and protein levels of GRP78 in HepG2 cells; C: The protein expression of GRP78 in HepG2 cells

analyzed by Western blot (WB); D: Protein levels of CHOP in mice livers; E: Relative mRNA and protein levels of CHOP in HepG?2 cells;

F: Relative mRNA levels of ER stress-related genes, including PERK, elF2a, IRElo, XBP1, JNKI and ATF6a; G: The protein expression
and phosphorylation of PERK in HepG2 cells analyzed by WB. n = 6 (in vivo), n = 3 (in vitro), £ s. "P < 0.05, "P < 0.01 vs CTRL group;

"P<0.05,"P <0.01 vs model group. TM: Tunicamycin; 4-PBA: 4-Phenyl butyrate acid
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Figure 4 Molecular docking and dynamics simulation of LCA vs PEPCK and LCA vs G6P. A: 3D molecular docking of LCA-PEPCK; B:
2D molecular docking of LCA-PEPCK; C: Molecular dynamics results of LCA-PEPCK; D: 3D molecular docking of LCA-G6P; E: 2D
molecular docking of LCA-G6P; F: Molecular dynamics results of LCA-G6P
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Figure 5 Molecular docking and dynamics simulation of LCA vs GRP78 and LCA vs PERK. A: 3D molecular docking of LCA-GRP78; B:
2D molecular docking of LCA-GRP78; C: Molecular dynamics results of LCA-GRP78; D: 3D molecular docking of LCA-PERK; E: 2D
molecular docking of LCA-PERK; F: Molecular dynamics results of LCA-PERK

BRI R T B A AR U, SR ORI R PERK 1 ATF6 i 6 B 5", 76 T2DM &3 m] W 42
JoR AT B T BOE UPR ROBE, 5 80 53 9 R [ B #| GRP78.CHOP.PERK.XBP1.IREla fll ATF6 [{] %% 5%
F T 05 2R 10 R SR 4 K R TE N TR T B, K A HEAKTBE TR @R R A iAW A
I I 4 B e i A B, HET SR S AL B IS4 REE AR 2 AR EUY) (50 F1100 mgkg)
P, DA IH 24 3 P 5 DX Py R 2t 4 R 0 A i I A UL F 8 PERK ATF6IRElaXBPI 1 CHOP {4 3
AU T 006 B L AN, e A S SN, IREL. JKOF, 300 IRE1a-XBP1 38 B, 22 fif 4 5 I 7 38, 3



Ny

3302 - #2224k Acta Pharmaceutica Sinica 2024, 59(12): 3291-3303

JoR 5 AR, AT RIS = IR T & A STZ B & 15 2 1
T2DM K B 7 JI I 0% A IR 7K PB4 PRt AR St gt
X DL b P R RS R %l i, HE— 2P 2 BT T LCA X
T2DM 5| & 1 A J5E 9 238 R 2 4, B 9 K B LCA
7] "~ il PERK. elF2a- IRElo XBPI. JNKI. ATF6a.-
GRP78 )% /K, FEAK N 51 I RE s & 5 1 GRP78
(1) 5% 5% I B KP4 PERK 1) 25 (3R I8 FBE R 1L,
T 52 A P9 53 X R385 g, R A ol P AR S o

TR AT BARE 9T OO 82 3 LCA 1] 2 2 PR AR =1 b
I B 175 5 1K T2DM /) BRI 2 1 IR 7K P, A it
JF B8 5 A, % A PR VR DT AR A, I R B 2R R AR R
B, ARSI AT AR RESE, PR T LCA X T2DM 35
FEC FA) S5 o5 W S A A DX N B ) % i ROR, e — 2P 58
¥/ LCA A 17 1 1L, y LCARYT T2DM I
N BE5E T BRI AR A

e TUBK: VFSCREA K A3 S ST LR AT S ORI S ik
3, TN RIS TR, XU BE Bt S0 R B BRI A T R
FHAB R 3C; VEIZIZ L T SO SORBR 2 A7 Bl AT S0 B R
L5701 WSR2 58

FUFEEE: A A F B AT A28 05

References

[11  Zheng Y, Ley SH, Hu FB. Global actiology and epidemiology of
type 2 diabetes mellitus and its complications [J]. Nat Rev
Endocrinol, 2018, 14: 88-98.

[2] Bao H, Liu YM, Zhang MG, et al. Increased f-site APP cleaving
enzyme l-mediated insulin receptor cleavage in type 2 diabetes
mellitus with cognitive impairment [J]. Alzheimers Dement,
2021, 17: 1097-1108.

[3] Li LM, Rao KQ, Kong LZ, et al. A descrtption on the Chinese
national nutrition and healthy survey in 2002 [J]. Chin J
Epidemiol ("PE AT IR % 2% &), 2005, 26: 478-484.

[4] Chinese Diabetes Society, National Office of Basic Public
Health Service Program for Primary Diabetes Care. National
technical guidelines for the prevention and treatment of diabetic
kidney disease in primary care (2023) [J]. Chin J Intern Med (*
PR ), 2023, 62: 1394-1405.

[5] Wang LQ, Yang R, Yuan BC, et al. The antiviral and antimicrobial
activities of licorice, a widely-used Chinese herb [J]. Acta Pharm
Sin B, 2015, 5: 310-315.

[6] Yang L, Wang DD, Zhang ZX, et al. Isoliquiritigenin alleviates
diabetic symptoms via activating AMPK and inhibiting mTORC1
signaling in diet-induced diabetic mice [J]. Phytomedicine, 2022,
98: 153950.

[7] Wang DD, Yang L, Ding WW, et al. Licochalcone A alleviates
abnormal glucolipid metabolism and restores energy homeostasis

in diet-induced diabetic mice [J]. Phytother Res, 2024, 38:

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

196-213.

Chen ZY, Yang XX, Ding WW, et al. Mechanism studies underlying
the alleviatory effects of isoliquiritigenin on abnormal glucolipid
metabolism triggered by type 2 diabetes mellitus [J]. Acta Pharm
Sin (24522243, 2024, 59: 105-118.

Ding WW, Yang XX, Chen ZY, et al. Isoliquiritigenin alleviates
energy metabolism imbalance in type 2 diabetic mice [J]. Acta
Pharm Sin (£57%27%4}k), 2023, 58: 3339-3348.

Legouis D, Faivre A, Cippa PE, et al. Renal gluconeogenesis: an
underestimated role of the kidney in
metabolism [J]. Nephrol Dial Transplant, 2022, 37: 1417-1425.
Liu Y, Deng JJ, Fan D. Ginsenoside Rk3 ameliorates high-fat-

systemic  glucose

diet/streptozocin induced type 2 diabetes mellitus in mice via the
AMPK/Akt signaling pathway [J]. Food Funct, 2019, 10: 2538-2551.
Madiraju AK, Qiu Y, Perry RJ, et al. Metformin inhibits
gluconeogenesis via a redox-dependent mechanism in vivo [J].
Nat Med, 2018, 24: 1384-1394.

Marchi S, Patergnani S, Missiroli S, et al. Mitochondrial and
endoplasmic reticulum calcium homeostasis and cell death [J].
Cell Calcium, 2018, 69: 62-72.

Liu M, Weiss MA, Arunagiri A, et al. Biosynthesis, structure,
and folding of the insulin precursor protein [J]. Diabetes Obes
Metab, 2018, 20 Suppl 2: 28-50.

Yoo J, Park JE, Han JS. HMC ameliorates hyperglycemia via
acting PI3K/AKT pathway and improving FOXO1 pathway in
ob/ob mice [J]. Nutrients, 2023, 15: 2023.

Feng WJ, Lv CH, Cheng L, et al. Targeting ERS-mitophagy in
hippocampal neurons to explore the improvement of memory by
tea polyphenols in aged type 2 diabetic rats [J]. Free Radic Biol
Med, 2024, 213: 293-308.

Yi HH, Gu CJ, Li M, et al. PERK/elF2a contributes to changes
of insulin signaling in HepG2 cell induced by intermittent
hypoxia [J]. Life Sci, 2017, 181: 17-22.

Wu ZM, Wang HE, Fang SY, et al. Roles of endoplasmic
reticulum stress and autophagy on H,O,-induced oxidative stress
injury in HepG2 cells [J]. Mol Med Rep, 2018, 18: 4163-4174.

Si HF, Xu CY, Zhang JL, et al. Licochalcone A: an effective and
low-toxicity compound against Toxoplasma gondii in vitro and
in vivo [J]. Int J Parasitol Drugs Drug Resist, 2018, 8: 238-245.
Zhang Y, Yan LS, Ding Y, et al. Edgeworthia gardneri (Wall.)
Meisn. water extract ameliorates palmitate induced insulin
resistance by regulating IRS1/GSK34/FoxO1 signaling pathway
in human HepG2 hepatocytes [J]. Front Pharmacol, 2020, 10: 1666.
Zang YF, Fan L, Chen JH, et al. Improvement of lipid and
glucose metabolism by capsiate in palmitic acid-treated HepG2
cells via activation of the AMPK/SIRT1 signaling pathway [J]. J
Agric Food Chem, 2018, 66: 6772-6781.

Onken B, Kalinava N, Driscoll M. Gluconeogenesis and PEPCK
are critical components of healthy aging and dietary restriction

life extension [J]. PLoS Genet, 2020, 16: ¢1008982.



VFSCHESE: T A KA A G 2 TR B P S50 B 2 R A S 2y LR T 7

3303

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

Chen Y, Cheng FB, Wu XR, et al. Flavonoid derivatives synthesis
and anti-diabetic activities [J]. Bioorg Chem, 2020, 95: 103501.
Kerr AG, Wang ZN, Wang N, et al. The long noncoding RNA
ADIPINT regulates human adipocyte metabolism via pyruvate
carboxylase [J]. Nat Commun, 2022, 13: 2958.

Cappel DA, Deja S, Duarte JAG, et al. Pyruvate-carboxylase-
mediated anaplerosis promotes antioxidant capacity by sustaining
TCA cycle and redox metabolism in liver [J]. Cell Metab, 2019,
29:1291-1305.e8.

Huidekoper HH, Visser G, Ackermans MT, et al. A potential role
for muscle in glucose homeostasis: in vivo kinetic studies in
glycogen storage disease type la and fructose-1, 6-bisphosphatase
deficiency [J]. J Inherit Metab Dis, 2010, 33: 25-31.

Jones BC, Pohlmann PR, Clarke R, et al. Treatment against
glucose-dependent cancers through metabolic PFKFB3 targeting
of glycolytic flux [J]. Cancer Metastasis Rev, 2022, 41: 447-458.
Droppelmann CA, Saez DE, Asenjo JL, et al. A new level of
regulation in gluconeogenesis: metabolic state modulates the
intracellular localization of aldolase B and its interaction with
liver fructose-1, 6-bisphosphatase [J]. Biochem J, 2015, 472:
225-237.

Xia SK, Duan WZ, Liu WW, et al. GRP78 in lung cancer [J]. J
Transl Med, 2021, 19: 118.

Lei Y, Wang SL, Ren BS, et al. CHOP favors endoplasmic
reticulum stress-induced apoptosis in hepatocellular carcinoma
cells via inhibition of autophagy [J]. PLoS One, 2017, 12:
¢0183680.

Almeida LM, Pinho BR, Duchen MR, et al. The PERKs of
mitochondria protection during stress: insights for PERK
modulation in neurodegenerative and metabolic diseases [J].
Biol Rev Camb Philos Soc, 2022, 97: 1737-1748.

Malhi H, Kaufman RJ. Endoplasmic reticulum stress in liver
disease [J]. J Hepatol, 2011, 54: 795-809.

Chen Y, Wu ZY, Huang SJ, et al. Adipocyte IRElalpha promotes
PGClalpha mRNA decay and restrains adaptive thermogenesis
[J]. Nat Metab, 2022, 4: 1166-1184.

Lin JH, Li H, Yasumura D, et al. IRE1 signaling affects cell fate
during the unfolded protein response [J]. Science, 2007, 318:
944-949.

Lumley EC, Osborn AR, Scott JE, et al. Moderate endoplasmic
reticulum stress activates a PERK and p38-dependent apoptosis
[J]. Cell Stress Chaperones, 2017, 22: 43-54.

Cheng YH, Zhou JP, Zhang HB, et al. Activating transcription
factor 6: a new potential target against type 2 diabetes [J]. Prog
Pharm Sci (252438 ), 2014, 38: 349-354.

Sharma R, Tiwari S. Renal gluconeogenesis in insulin resistance:
a culprit for hyperglycemia in diabetes [J]. World J Diabetes,
2021, 12: 556-568.

Petersen MC, Vatner DF, Shulman GI. Regulation of hepatic

glucose metabolism in health and disease [J]. Nat Rev Endocrinol,

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

2017, 13: 572-587.

Guo X, Jiang X, Chen K, et al. The role of palmitoleic acid in
regulating hepatic gluconeogenesis through SIRT3 in obese mice
[J]. Nutrients, 2022, 14: 1482.

Madiraju AK, Erion DM, Rahimi Y, et al. Metformin suppresses
gluconeogenesis by inhibiting mitochondrial glycerophosphate
dehydrogenase [J]. Nature, 2014, 510: 542-546.

LaMoia TE, Shulman GI. Cellular and molecular mechanisms of
metformin action [J]. Endocr Rev, 2021, 42: 77-96.

Bhattamisra SK, Koh HM, Lim SY, et al. Molecular and
biochemical pathways of catalpol in alleviating diabetes mellitus
and its complications [J]. Biomolecules, 2021, 11: 323-349.

Ilyas Z, Perna S, Al-Thawadi S, et al. The effect of berberine on
weight loss in order to prevent obesity: a systematic review [J].
Biomed Pharmacother, 2020, 127: 110137.

Lao-On U, Attwood PV, Jitrapakdee S. Roles of pyruvate
carboxylase in human diseases: from diabetes to cancers and
infection [J]. ] Mol Med (Berl), 2018, 96: 237-247.
Novellasdemunt L, Bultot L, Manzano A, et al. PFKFB3
activation in cancer cells by the p38/MK2 pathway in response
to stress stimuli [J]. Biochem J, 2013, 452: 531-543.

Li P, Li K, Yuan WH, et al. 1a,25(OH),D, ameliorates insulin
resistance by alleviating gammadelta T cell inflammation via
enhancing fructose-1, 6-bisphosphatase 1
Theranostics, 2023, 13: 5290-5304.

Zhang CS, Li MQ, Wang Y, et al. The aldolase inhibitor

expression  [J].

aldometanib mimics glucose starvation to activate lysosomal
AMPK [J]. Nat Metab, 2022, 4: 1369-1401.

Salvado L, Palomer X, Barroso E, et al. Targeting endoplasmic
reticulum stress in insulin resistance [J]. Trends Endocrinol
Metab, 2015, 26: 438-448.

Li J, Inoue R, Togashi Y, et al. Imeglimin ameliorates beta-cell
apoptosis by modulating the endoplasmic reticulum homeostasis
pathway [J]. Diabetes, 2022, 71: 424-439.

Xourafa G, Korbmacher M, Roden M. Inter-organ crosstalk
during development and progression of type 2 diabetes mellitus
[J]. Nat Rev Endocrinol, 2024, 20: 27-49.

Yong J, Johnson JD, Arvan P, et al. Therapeutic opportunities for
pancreatic beta-cell ER stress in diabetes mellitus [J]. Nat Rev
Endocrinol, 2021, 17: 455-467.

Ji C, Kaplowitz N. ER stress: can the liver cope? [J]. J Hepatol,
2006, 45: 321-333.

Lenin R, Sankaramoorthy A, Mohan V, et al. Altered
immunometabolism at the interface of increased endoplasmic
reticulum (ER) stress in patients with type 2 diabetes [J]. J
Leukoc Biol, 2015, 98: 615-622.

Tang D, Liu L, Ajiakber D, et al. Anti-diabetic effect of punica
granatum flower polyphenols extract in type 2 diabetic rats:
activation of Akt/GSK-3beta and inhibition of IRElalpha-XBP1
pathways [J]. Front Endocrinol (Lausanne), 2018, 9: 586.



