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and stachyose (Sta) in spontaneous type 2 diabetic KKAy mice. KKAy mice were randomly divided into four
groups (n = 14 per group): Model control (model), stachyose (Sta, 200 mg-kg™"), berberine (BBR, 100 mg-kg™), and
BBR + Sta (100 mg-kg" BBR + 200 mg-kg" Sta), with oral gavage of water, Sta, BBR, and BBR + Sta respectively
for eight weeks. At the end of the experiment, serum and liver tissues were collected, the liver weight was
measured, and liver index was calculated. Lipid content and oxidative stress-related indicators in liver were
measured. Meanwhile, the levels of lipid, transaminase, and oxidative stress in serum were determined. The
expression levels of genes related to lipid metabolism and inflammation in the hepatic tissues were detected using
qPCR. The number of macrophages in the liver tissues was measured by flow cytometry. Our findings revealed that
the combination of BBR and Sta significantly reduced the liver index, decreased hepatic contents of triglyceride
(TG), total cholesterol (TC), nitric oxide (NO), inducible nitric oxide synthase (iNOS), and malonaldehyde (MDA),
improved liver histomorphology, attenuated lipid deposition, lowered serum lipids and alanine aminotransferase
(ALT) levels, and suppressed the expression of lipid synthesis-related genes [fatty acid synthetase (Fasn), sterol
regulatory element-binding protein lc (Srebplc)] and inflammation-related genes [interleukin-6 (//-6), tumor
necrosis factor- a (7nf-a), monocyte chemoattractant protein-1 (Mcp-1)] in hepatic tissues. Furthermore, the
combination treatment reduced the total number of hepatic macrophages (CD11b'F4/807) and M1 macrophages
(F4/80°CD11c"), and attenuated the antigen-presenting capacity of macrophages. Notably, BBR combined with Sta
was superior to BBR alone in reducing blood lipids and inhibiting the expression of hepatic pro-inflammatory
genes [I-6. However, no significant difference was observed between the two groups in alleviating hepatic
macrophage infiltration and improving oxidative stress indicators. Collectively, the combination of BBR and Sta
exerts anti-MASLD (metabolic dysfunction-associated steatotic liver disease) effects by ameliorating hepatic lipid
accumulation, inflammation, and oxidative stress, as well as reducing macrophage number and weakening its
function. Furthermore, the effects of the combination in improving MASLD are better than BBR alone. These
findings suggest that BBR combined with Sta is a potential effective strategy for the treatment of MASLD. The
animal experiments were approved by the Institutional Animal Care and Use Committee of the Institute of Materia
Medica, Chinese Academy of Medical Sciences & Peking Union Medical College.
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Table 1 Data for animal grouping. n = 14, x + 5. FBG: Fasting blood
glucose; TC: Total cholesterol; TG: Triglyceride; BW: Body
weight; BBR: Berberine; Sta: Stachyose

Group  FBG/mg-dL" TC/mg-dL" TG/mg-dL'  BW/g

Model 272.6 £59.0 1054+18.7 162.1+40.0 465=13
Sta 272.4+644 103.1+£19.5 162.6+488 465=1.3
BBR 270.0+£56.2 104.8+16.1 161.0+543 46.5+25
BBR +Sta  270.7+57.0 104.8+123 1649+41.2 46.6+1.8
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2 ug RNA H TransScript One-Step gDNA Removal and
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Table 2 Primer sequences for qRT-PCR. II: Interleukin; Tnf-a:
Tumor necrosis factor-a; Mcp-1: Monocyte chemoattractant protein-1;

Fasn: Fatty acid synthetase; Srebplc: Sterol regulatory element-

binding protein lc; Ppara: Peroxisome proliferator-activated
receptor a
Gene Primer sequence (5'-3")

1-6 Forward: ACAACGATGATGCACTTGCAGA
Reverse: GATGAATTGGATGGTCTTGGTC

1-10 Forward: TGGCCCAGAAATCAAGGAGC
Reverse: CAGCAGACTCAATACACACT

Mcp-1 Forward: CCCTAGAAGCTCACCAAGGC
Reverse: GGTCTAGCCTCAACACCACC

Tnf-a Forward: CACAGAAAGCATGATCCGCGACGT
Reverse: CGGCAGAGAGGAGGTTGACTTTCT

Fasn Forward: CTGCCTTCGGTTCAGTCTCTT
Reverse: GAGGCCACTTGTGGGGAATA

Srebplc Forward: CTGACAGGTGAAATCGGCG
Reverse: CTGTCTCACCCCCAGCATAG

Ppara Forward: TGCCTTCCCTGTGAACTGAC
Reverse: TGGGGAGAGAGGACAGATGG

f-actin Forward: TGTGATGGTGGGAATGGGTCAG

Reverse: TTTGATGTCACGCACGATTTCC
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Figure 1 Effects of BBR combined with Sta on hepatic lipid

levels in KKAy mice. A: Liver coefficient (n = 9); B, C: The TG
and TC levels in liver tissues (n = 11 or 12). x £ 5. P <0.05, "P <
0.01 vs model
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Figure 2 Effects of BBR combined with Sta on blood lipid and liver injury in KKAy mice. A: Blood TG; B: Blood TC; C: Blood ALT; D:
Blood AST. n = 12-14, X +£s. "P < 0.05, P < 0.01 vs model; “P < 0.05 vs BBR. ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase
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Figure 3 Effects of BBR combined with Sta on hepatic steatosis in KKAy mice. A: Pathological morphology of liver tissues with

hematoxylin-eosin (HE) staining. Magnification: 400x, scale bar: 100 um; B: The score of hepatic steatosis; C—E: The expression levels of

genes associated with lipid metabolism in liver tissues. n =8 (A and B), n =35 or 6 (C-E), x £ 5. "P < 0.05, "P < 0.01 vs model
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Figure 4 Effects of BBR combined with Sta on serum oxidative stress in KKAy mice. The levels of NO, iNOS, MDA, and SOD in serum

were detected according to the manufacturer's instructions. n = 13 or 14, x £ s. "P<0.05,"P<0.0l,

ok ke

P<0.001, P<0.0001 vs model.

NO: Nitric oxide; iNOS: Inducible nitric oxide synthase; MDA: Malondialdehyde; SOD: Superoxide dismutase
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Figure 5 Effects of BBR combined with Sta on hepatic oxidative stress in KKAy mice. The levels of NO, iNOS, MDA, and SOD in

hepatic tissues were detected according to the manufacturer's protocols. 7 = 10-13, x 5. 'P < 0.05, "P < 0.01,
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Figure 6 Effects of BBR combined with Sta on hepatic inflammation in KKAy mice. Relative expression levels of //-6, Mcp-1, Tnf-a,

11-10 gene in hepatic tissues. n = 6-8 (A and B), n = 5-7 (C and D), x £ 5. "P < 0.05,
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Figure 7 Effects of BBR combined with Sta on the proportion and function of macrophage in hepatic tissues. A: Representative flow

cytometry staining images for CD11b, CD1lc, F4/80, and MHC-II on gated CD45.2" cells in liver non-parenchymal cells; B: Statistical
analysis of the macrophage (CD11b'F4/80"), M1 macrophage (F4/80'CD11c"), and MHC-II expressed on macrophage surface (F4/80 MHC-II").
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