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# E: B BEPXWEFEZR (dihydroartemisinin, DHA) 547 2 BUBEJRIH (type 2 diabetes mellitus, T2DM) /)N iR AT HEAE
AL RIESE BAEANLE . ik RIS IRTEIRIRERS ip SEIRIEE = (40 mg/kg) W53 &7 T2DM /h
BUBEEY, BT, BRI, —HIT (200 mg/kg) A DHA K. B, &7 (30, 60. 120 mg/kg) 4, FH6 R. %4
FHWTT 4 G, Kl BRI (fasting blood glucose, FBG). il & R K52 (homeostatic model assessment
for insulin resistance, HOMA-IRD. ILAEIUIL. FFThAEFEAR: KA ELISA VR4 B4/ -1 (interleukin-1B, IL-1B).
IL-6+ JMJRIRFEEF -0 (tumor necrosis factor-o, TNF-a) 7K RATFARZE-HF4 (hematoxylin-eosin, HE). PAS. 4L O %%
EEEE N . FFAFE SR EE AL, R S ARG AT ZH 2 F4/80 BH 2R 1E; K F Western blotting #6: iT 20 4UR#AC 1 A1 4
SEIEEE AR B ARIE . R EIRER S R FS @IS ZHPT (insulin resistance-human hepatocellular carcinoma, IR-
HepG2) 1574, %57 DHA FIC KBS (hexokinase, HK) #il71) 3-I N EHEE (3-bromopyruvic acid, 3-BrPA) F-TiJ5, il
G R B AR, &R SEAAHIE, DHA BERIC/NR FBG (P<0.05. 0.01), StEM &85 (P<0.05.
0.01), /> HOMA-IR (P<<0.01. 0.001), Jim% 4 a8 A HREEE (high-density lipoprotein cholesterol, HDL-C) 7KF (P<
0.05. 0.01), FE=FEHM C(triglyceride, TG) /K°F (P<<0.001), FKHEBREFFEHF (alanine aminotransferase, ALT).
REAMRBILEEFSHE (aspartate aminotransferase, AST) &M (P<<0.05), /D FFIF & ERE F7KF (P<<0.05. 0.01. 0.001),
FREIYL 45 R IR, DHA BERSIIN/N R S E A (P<<0.001), B3 B 4UMui G R A i 248, w0 FFAE B BRHEAR, 389 hn AT
PR SR, RRALE R EIR, DHA REfS 80 BT IF F4/80 PHIERIL . Western blotting 25 7R, DHA &35 AT SCLAE
# A 1 (forkhead box O1, FOXO1). ] %] #i-6- B B i ( glucose-6-phosphatase, G6PC) BE#: 43 1L AT 88 (myeloid differentiation
factor 88, MyD88). 1%[XT-kB (nuclear factor-kB, NF-kB). F4/80 FHH#iE (P<0.05. 0.01. 0.001), _Fiff HK2 HHFKiL
(P<0.01). MEsEess R BN, 1 umol/L JiE &2 AN HepG2 41/ 36h, AT IR-HepG2 #%, 455 DHA T-Hij5, #
HHEEAEE R ERIN (P<0.05. 0.01); 44T DHA fl 3-BrPA [FIFFTTi)5, 3-BrPA u#4> | DHA X & b # 2 LK
EM . 45 DHA @i FOXO1/HK2/G6PC 1 MyD88/NF-«kB iffi % [ FBG, 5035 I &y S HCHURIBEM 2, 4557 5% 5 A jF
SHM, HETT S T2DM /) BT IEWE A 2500 98 5 S o

K WAHFER; 2 BHR%; HepG2 41/i; FOXO1/HK2/G6PC jEi; MyD88/NF-«B il 4
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Abstract: Objective To investigate the effect and mechanism of dihydroartemisinin (DHA) on hepatic glucose metabolism disorder
and inflammatory reaction in mice with type 2 diabetes (T2DM). Methods A T2DM mouse model was established by feeding a high
sugar and high-fat diet combined with ip streptozotocin (40 mg/kg). Control group, model group, metformin (200 mg/kg) group, DHA
low-, medium-, and high-dose (30, 60, 120 mg/kg) groups were set up, with six mice in each group. After four weeks of drug
intervention, body weight, fasting blood glucose (FBG), homeostatic model assessment for insulin resistance (HOMA-IR), blood lipids,
and liver function indicators of mice were measured; ELISA was used to detect the levels of interleukin-1f (IL-1p), IL-6 and tumor
necrosis factor-a (TNF-a) in liver tissue; Hematoxylin-eosin (HE), PAS and Oil Red O staining were used to observe pathological
changes in pancreatic islets and liver tissues; Immunohistochemistry was used to detect F4/80 positive expression in liver tissue;
Western blotting was used to detect the expressions of glucose metabolism and inflammatory pathway related proteins in liver tissue.
An insulin resistance human hepatocellular carcinoma (IR-HepG2) model induced by high concentration insulin was established, after
intervention with DHA and hexokinase (HK) inhibitor 3-bromopyruvic acid (3-BrPA), cell survival rate and glucose consumption were
measured. Results Compared with model group, DHA significantly reduced FBG (P < 0.05, 0.01), improved glucose tolerance injury
(P <0.05,0.01), reduced HOMA-IR (P < 0.01, 0.001), increased high-density lipoprotein cholesterol (HDL-C) level (P < 0.05, 0.01),
decreased triglyceride (TG) level (P < 0.001), decreased alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
activities (P < 0.05), and reduced inflammatory factor levels in liver of mice (P < 0.05, 0.01, 0.001). Pathological staining results
showed that DHA could increase the pancreatic islet area in mice (P < 0.001), improve beta cell damage and liver cell atrophy, reduce
lipid accumulation in liver, and increase liver glycogen content. Immunohistochemistry results showed that DHA could reduce the
positive expression of F4/80 in liver. Western blotting results showed that DHA significantly down-regulated the expressions of
forkhead box O1 (FOXO1), glucose-6-phosphate (G6PC), myeloid differentiation factor 88 (MyD88), nuclear factor-xB (NF-xB) and
F4/80 protein in liver (P < 0.05, 0.01, 0.001), and up-regulated the expression of HK2 protein (P < 0.01). The cell experiment results
showed that treating HepG2 cells with 1 umol/L insulin for 36 h could successfully construct IR-HepG2 model; After DHA intervention,
glucose consumption was significantly increased (P < 0.05, 0.01); After simultaneous intervention with DHA and 3-BrPA, 3-BrPA
partially inhibited the up-regulation effect of DHA on glucose consumption. Conclusion DHA reduces FBG, improves insulin
resistance and glucose tolerance, protects pancreatic islets and liver cells by regulating FOXO1/HK2/G6PC and MyD88/NF-kB
pathways, thereby improving hepatic glucose metabolism disorders and inflammatory responses in T2DM mice.

Key words: dihydroartemisinin; type 2 diabetes mellitus; HepG2 cells; FOXO1/HK2/G6PC pathway; MyD88/NF-kB pathway
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EERS, WREL E, M, HHIRE, BABEE
B WIMBRZR . g BUEM IR, FHE R 2EF



F8 B 20255108 $56% B208  Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

* 7397 »

T BAeE T N EER A, HATAE -
BAREEIEME. STE. S OMANEATEH R
(dihydroartemisinin, DHA) %5. 50K, & &8
BEIE 4] NOD FE2 AR A4 B E E 3
(NOD-like receptor thermal protein domain associated
protein 3, NLRP3) /[t 2l K & 2 IR &5 H B -1
(cystein-asparate protease-1, Caspase-1) /{HJZ % D
(gasdermin D, GSDMD) i, #ifil/HAR B 40 fk
T2, AR IEDURE RO I PE Y, 558 e i 1
FERFEZARE M 1 Csirtuin 1, SIRT1) ik, it
TG NF-«B 3 H, PRI B4 5 52 40 X 5175
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FEMAEIEFREL S ip BERIE R & (streptozotocin,
STZ) i3 ¥) T2DM /) USRI i v 5 Tl 5 3 15 5
(1) JHF 40 B il 5 R AR HTRZY (IR-HepG2), MR | 4b
SIS LA VY DHA 2528, JFit— DR DHA i
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1 #H
1.1
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1.2 4
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HRETT R AFRAR s FhER = XU
(fit5 ABL9881) W H 3 Filghtivr = Hl 25 A R A
Fl; STZ (#it5 WXBD448). & R (#t5
SLCL6490) W H 3£ Sigma A F]; HK2 #Ifil5] 3-
R ABHE  (3-bromopyruvic acid, 3-BrPA, L5

HY19992) HH3EE MCE 2#; MHMEEE (total
cholesterol, TC) Rifl& (it'5 20231202). =EiH
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10 RAEART A, MRFRIa@ Rl HAR/NERMRTR
W REL 4 S, 258 CRZ5K) 12h, %E%E3d
ip STZ (40 mg/kg), XFHZH/NER ip SEAFAM 0.1
mol/L AT IR-FT R IR NG (pH 4.2~4.4) . it
T2h M1 S, SR 2 ORI 7 I IR fasting blood
glucose, FBG) >11.1 mmol/L Bl NGB ). ¥ i&
LR () /N BRBE ML 2 B RYA  — FSUIE (200
mg/kg) 4 DHA K. . m=ifl&E (30, 60, 120
mg/kg) HU5), F41 6 H . DHA ¥ ARET 0.5%%K H
FEAYE AN, WA S 23 S 4 REL B .
BT ig MR Z5W) (10 mL/kg), Ko [E 4RI Y
H ig FARTRN 0.5% 2 LA 4ERNET, 1 //d,
BV 4 JH . RS G, DERIMIRERIUM, J5
B 2R AR T DR AR O IE . RARZHZA, 43T 1.5 mL
(1 EP &, T-80 CUKFETRAT .
2.2 MEIEHR
221 RpTE. MOBERI 252G AR, R R 1
/MR FBG AR = .
2.2.2 IR %) FE i & SE4E Coral glucose tolerance
test, OGTT) /INRZEE 8h, ig20% % & HHiA T (2
g/kg), 7HF 0. 15, 30, 60+ 120 min &0 MLKE,
FErHH 2 T AN (area under curve, AUC).
223  JE & K MK P B Z ( homeostatic model
assessment for insulin resistance, HOMA-IR) 1)l %€
K F ELISA 127G Asr I /) BRI 375 J6R & 25 7K1, It
. HOMA-IR,

HOMA-IR =FBG X = [l i 5 %/22.5
224 JHIDiEedRAs I SR A4 B S A BT AL
R/ BRUMSHE F ALT AT AST 351 . FRoE /N B
MR, THEEEE.

JFF FEE 45 = JHF O o /44 o
2.2.5 I KPR 2 23 R 5 0E R KPR
W R ARG &R N RILE S TC. TG,
HDL-C. LDL-C /K°F. FREUGEREATITAHZT 2 mL
EP &, IO 9 5 & I PBS 22, 60Hz 2]
%% 2min (][ 30s), 4 C. 1500Xg &L 10 min,
HU_E3 100 uL, %08 ELISA 7 & i B 546 I AT
PELL ) A 46 7 IL-1B+ IL-6. TNF-o 7K°F
22,6 JEE. FHIEHZURB 0 BUBRIRZAZS,
HEATHAR R L (hematoxylin-eosin, HE) #ff,
W52 5% 2 /)N B R % 20 o OB A T3S R B 3 . X
FFAEAH LY, A g a3, OCT ®I )5, @il HE 4
RS /N R IE 2R ) B 22 0, Jd i PAS
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G HACEE P, TBS iEYE 3 K, 5 min/ik. HIfL
7637 CEHPM 1 h, #hn—3t F4/80 (1 :500), 4 C
BEEER, WP, 37 CHEHE 30 min, DAB &
tta5s, BHARREY, CEEREMIK, s
Jr s B JE AR RAUBE T LS F4/80 I BH 1t F ik A5 1oL «
2.2.8 Western blotting Fll JFF A 2H 2R A A it A 98
SE(G Sl L BUFIEAZE 20 mg, AR
& BN HI I RIPA 24, SRS, 12000
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HEAFEMZ 10% 1 Jor HE i BB 5 79 i T e it Jse
Uk, ¥ % PVDF I, IO 5%Bife4-4), =iEE
M 2h, 2> BN F4/80 (1 :2500). NF-xB (1 :
2500). MyD88 (1 :2500). FOXOI (1 :3000).
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3000). B-actin (1 :3000) —¥i, 4 CHHILK.
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5000), 37 CH¥E 2h, TBST Weik/5 B, %
F Tmage Lab #4473 # 26 K FEAA -
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(R B RIR BT, HepG2 AHMILL 5X 104 AN/ALEERD
T 96 FLARH, A AIMAEH 1X1075, 1X10°°,
1X107, 1X1078, 1X 107 mol/L [ & & ks,
MRS FREFR3E, W 36h 5, #REGTIE
VIR AT A 77 LIS TP AT S . N ERIR S
AR ) I FERR IR E], HepG2 ZHAELL 5X 104 ANAL
T 96 FLARH, MIANEA 1 pmol/L Jik &y 2 1) 3s
FRHE, XA AR, 2REE 12, 24,
36, 48 h, MR E U R Ign i F Eig T
WENESE, JFrEmEEEER.

AT R B = TR A R 2 B — B A B 5
2.3.2 IR-HepG2 fAIFREMER S %M “2.3.17 i
IO I M R R A A R R B AN A T R, T
IR-HepG2 AUBAL 5, FF 2 IHEFREL, IMAAE
552 1) DMEM 58 2357758, 4hEL5 72 400 24 36.
48, 72 h, 2 BRI U B e U 4 % 7R B
WEPESE, A RARERE, BRERR
E
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2.3.3 DHA Fll 3-BrPA %} HepG2 HIAEIH R
i HepG2 4HMILL 5X 104 AN/FLAEFTF 96 FLEK T,
AN R (6.25+ 12.50.25.00+ 50.00+ 75.00
100.00. 150.00. 200.00 pmol/L) ] DHA B{A[F]¥
JE (20, 40. 50. 60. 70. 80 pumol/L) [¥] 3-BrPA,
XTRRAMAA S RE R, E 12h )5, KA
CCK-8 vEE &AW (4 E, FHIHEHMpAT
MRS

MIPAATE R = (4 s —A we)/(A ym—A 221
2.3.4 DHA FI 3-BrPA T-Fi%t HepG2 4H At i %1 bk
HFERISZI HepG2 4HAELL 5X10* ~/mL #:0pT
12 LA, FrdifaibBefs, BeEX IR, BRLA
T HXUIT (2 mmol/L) 411 DHA (1.25. 2.50+ 5.00
umol/L) #H. BrXIHEALISL, HRZHMAEH 1
umol/L i 5 2 35 77 A 40 2H 36 h 257 IR-HepG2 41
MR, FEIEHRE 24 h B, A ZHXUTE DHA T
T 12h, SHRALININZS A3, R &
Tk 40 fss 78 LG R AT NE S, ok A
HAEE .

HepG2 ZHAELL 5X10* A~/mL #FT 12 LK
W, RRAN G EE S, BEEGTIRAL. AAYZL. 3-BrPA
(60 umol/L) 2. DHA (2.5 umol/L) #1A1 3-BrPA+
DHA 2H. Bxf R Ah, HR B4 MA & 1 pmol/L

Ji B R (B R AL T 36 h 157 IR-HepG2 40t
R, TEIEA% 24 h B, N 3-BrPA 5 DHA 4k 4+
it 12 h, XPREA 0N 3R Ak o 4 R 4 i B
ok M40 fu s 7% BIE Th O ATRE S B o B AT
THAEE
24 ZITFESW

KH SPSS 23.0 Giit- B Aba AT Hdls o, Hfs
PLX s £om. 24 LR LR & 07 2 43
(ANOVA), DL LSD 58 /7 V2347 2H 1) P R LA
1 Jii il Graphpad Prism 9 422 & .
3 %R
3.1 DHA X} T2DM /MR AR EFHEK SR 20

WK 1-A. B iR, SxIR4LEE:, RN
B A BT BRI (P<<0.05. 0.01), FBG & TF
B (P<0.001); A LS, 25245 4 )5 DHA
T BN R E R E T S (P<0.05), ZHIR
LA DHA . E5f&4] FBG 2 &K (P<<0.05.
0.01), *H] DHA RefFFK T2DM /)B4 5T 2 A
FBG. WK 1-C. D fiow, ExfHEA A, BB/
R AUC AR 210 (P<<0.001); SR LA,
FHAHE/NR AUC R 2D (P<0.05.
0.01), ZHH DHA W] 3% T2DM /) R i 245245
O o 1t B T

A C
30+ )
MR 40 ot sk sk sk
551 EEES ...;(\L[JE‘
290 i 301 - -
g <] [~ I _ 2 L, -
i el B =
= WIDHA 0 mgke ™ £20 5 = DHA30 mgkg'
104 SIDHA 60 me ke g # =+~ DHA 60 mg'kg™!
2104
EDHA 120 mg ke = 10 -+~ DHA 120 mgkg!
0- 0 T ) T T T
0 15 30 60 120
t/min
B D
407 - 1507 e
730 = = oo
! o —
= = I L 100
Q —
E 20 " 4y BDHAS Mgk 2
5 # S B DHA 60 mg-kg™! g 50
2 10+ il EDHA 20mgkg? S j
i i =
H N "
i i
0- i N 8 0-
! 2 3 4 A B 30 60 120

/i

SXRA e "P<<0.05

P<0.01

P<0.05 *P<0.01

XA DHA/(mgkg™")

P<0.001; SHAAE: #P<0.05 #P<0.01 *¥P<0.001, &I,
P <0.001 vs control group; P <0.05 *P<0.01 *#P<0.001 vs model group, same as below figures.

1 DHA Xf T2DM /MR KRE (A). FBG (B) FIfEMI=E (C. D) BN (X+s,n=16)
Fig. 1 Effect of DHA on body weight (A), FBG (B) and glucose tolerance (C, D) in T2DM mice (X s, n=6)
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3.2 DHA X} T2DM /)RAFIhEE. BFAEIE #A0
HOMA-IR B9850

W 2-A. B AR, SxtBEAIEE:, AN
UM ALT AST JEPEAI R FR 80 & e (P<
0.01. 0.001); SEFULELE:, DHA &7 E4L /N
MiE T ALT 3E PR IEFR 208 2 FEIC (P<<0.05),
DHA 1. 24/ RUME T AST 75 1t 2 3 PRI

(P<0.05), #H] DHA %} T2DM /) i B A FFHR17E
A g0
ek
P #
171 60—
2
E 30
0- T T T
R AR H 30 60 120
XA DHA/(mg-kg™)
C
0.075 - .
#
¢ 0.050
gm I
i
£ 0.025 4
0 = T T
YRR B —F 30 60 120

XN DHA/(mg-kg™)

E 2 DHA X} T2DM /MR EFIhEE

M. WK 2-C. D fis, HxTHRAhE, BAd
ST AT E0R HOMA-IR BT+ (P<0.001); 5
FERYZH LA, DHA 17 4/ SO R 25000 3 PRI
(P<0.05), —HXUIMZALA DHA #. @mFl&4
HOMA-IR & Z K (P<<0.01. 0.001), F*HB§ DHA
X} T2DM /MR EA BT IR fEH .
3.3 DHA X} T2DM /)RR M AS7K B9S2

WK 3 for, SRR, BRI/ R Mg

B 2404 »
T 160
=
2
g
2 80
0- T T
PR BRSO 30 60 120
XA DHA/(mg'kg™)
D5
sk
Z 10 i #ith
<
=
o
o H
O'j T

pON IRy Fi - 30 120

BT DHA/(mg kg™
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Fig. 8 Effect of DHA on expressions of inflammatory signaling pathways related proteins in liver tissue of T2DM mice
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