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Abstract: Harpagoside (HPQG) is an iridoid compound derived from Scrophularia ningpoensis Hemsl. This
study aimed to investigate the therapeutic effect of HPG on metabolic dysfunction-associated steatohepatitis

(MASH) and elucidate its underlying mechanisms. MASH was induced in mice using a methionine-choline-
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deficient diet (MCD). The efficacy of HPG in improving MASH was assessed through serum biochemical indexes,
liver pathological changes, oxidative stress markers, and inflammatory responses (this experiment was approved by
the Laboratory Animal Ethics Committee of Shanghai University of Traditional Chinese Medicine, with approval
number PZSHUTCM?2305180005). To further explore the mechanism of action, Western blot (WB), quantitative
real-time polymerase chain reaction (qQPCR), and in vitro cell models were employed. The results demonstrated that
HPG (30 and 60 mg-kg") significantly mitigated liver damage (P < 0.05, P < 0.001), reduced hepatic lipid
accumulation (P < 0.05, P < 0.001), lowered the elevated non-alcoholic fatty liver disease (NAFLD) activity score
(NAS) (P <0.05, P<0.01, P <0.001), alleviated hepatic oxidative stress injury, and suppressed hepatic inflammation
in MCD-induced MASH mice (P < 0.05, P < 0.01, P < 0.001). WB and qPCR analyses revealed that HPG
promoted the nuclear accumulation of nuclear factor erythroid 2-related factor 2 (Nrf2) in the livers of MCD-fed
mice and in AML-12 cells (P < 0.05). Additionally, it reduced the nuclear accumulation of nuclear factor kappa B
(NF-«B) in the livers of MCD-fed mice and in THP-1 cells (P < 0.05). Collectively, these findings suggest that
HPG improves MASH through alleviating liver oxidative and inflammatory injury by activating Nrf2 antioxidant
signaling pathway and inhibiting NF-xB inflammatory signaling pathway.

Key words: harpagoside; metabolic dysfunction-associated steatohepatitis; oxidative stress; inflammation;

nuclear factor erythroid 2-related factor 2; nuclear factor kappa B signaling pathway
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P0500-10G)- l§ £ ## (lipopolysaccharide, LPS; % 5 :
L2880). 73 A K (555 : HHS16) 4L Y (5% 5 : E6003)-.
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NAFLD & 51 B i 4 (NAFLD activity score,
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RTMaster Mix i 71 & 15 B 5 25 JR 1% % 5% 5 cDNA, 15
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(Version: 3.4.0) B A FAH KB

YHRmEE IR THP-1 40 8% 7% % 1F: 10% FBS, 1%
[ X P A 1%0 B-Fi 2 £ B (1) RPMI-1640 £ 77 % ;
AMLI12 40 il 1% 75 26 1 : 10% FBS, 10 pL-mL" insulin-
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Table 1 The scoring regulations of non-alcoholic fatty liver disease (NAFLD) activity score (NAS)

Content of evaluation NAS
0 1 2 3
Hepatocellular steatosis <5% 5%-33% 34%-66% > 66%
Intralobular inflammation (counted as the number of necrotic foci) None <2 2-4 >4
Hepatocellular ballooning degeneration None Rare Common /

Table 2 List of primers for real-time PCR. ACTB: f-Actin; IL1B: Interleukin-1 beta; /L6: Interleukin-6; Tnf: Tumor necrosis factor; Nos2:

Nitric oxide synthase 2; Hmox-1: Heme oxygenase 1; Gclm: Glutamate-cysteine ligase modifier subunit; Gele: Glutamate-cysteine ligase

catalytic subunit; SodI: Superoxide dismutase 1; Forward: Forward primers; Reverse: Reverse primers

Gene name Species Primer Sequence

ACTB Human Forward 5'-GGCACCACACCTTCTACAATGAGC-3'
Reverse 5'-GATAGCACAGCCTGGATAGCAACG-3'

ILIB Human Forward 5-TGCTCAAGTGTCTGAAGCAG-3'
Reverse 5-TGGTGGTCGGAGATTCGTAG-3'

IL6 Human Forward 5'-CACTGGTCTTTTGGAGTTTGAG-3'
Reverse 5'-GGACTTTTGTACTCATCTGCAC-3'

Nos2 Mouse Forward 5-TGCCACGGACGAGACGGATAG-3'
Reverse 5'-CTCTTCAAGCACCTCCAGGAACG-3'

Actb Mouse Forward 5'-TTCGTTGCCGGTCCACACCC-3'
Reverse 5'-GCTTTGCACATGCCGGAGCC-3'

Hmox1 Mouse Forward 5'- AAGCCGAGAATGCTGAGTTCA -3'
Reverse 5'- GCCGTGTAGATATGGTACAAGGA -3'

Gelm Mouse Forward 5'- AGGAGCTTCGGGACTGTATCC-3'
Reverse 5'- GGGACATGGTGCATTCCAAAA-3'

Gele Mouse Forward 5'-CGGAGGAACGATGTCTGAGT-3'
Reverse 5'-CAATGACCCGAAAGAACTGC-3'

Sodl Mouse Forward 5'- AACCAGTTGTGTTGTCAGGAC-3'
Reverse 5'- CCACCATGTTTCTTAGAGTGAGG-3'

111b Mouse Forward 5'-TCGCAGCAGCACATCAACAAGAG-3'
Reverse 5'-TGCTCATGTCCTCATCCTGGAAGG-3'

Tnf Mouse Forward 5-ATGTCTCAGCCTCTTCTCATTC-3'

Reverse

5'-GCTTGTCACTCGAATTTTGAGA-3'
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Figure 1

Harpagoside (HPG) improved liver injury and lipids accumulation in metabolic dysfunction-associated steatohepatitis (MASH)

mice. A: Liver alanine aminotransferase (ALT) activity (n = 6-7); B: Liver aspartate aminotransferase (AST) activity (n = 6-7); C: Liver

non-esterified fatty acids (NEFA) content (n = 6-7); D: Liver triglyceride (TG) content (n = 6-8); E: H&E staining and oil red O staining

(n = 3) (scale bars: 20 pm); F: Lowered the elevated non-alcoholic fatty liver disease (NAFLD) activity score (NAS) (n = 3). means = SEM.
P <0.01, ""P < 0.001 vs methionine-choline-supplement diet (MCS) group; “P < 0.05, P < 0.01, P < 0.001 vs methionine-choline-

deficient diet (MCD) group
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