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Metadoxine enhances mitochondrial function and relieves lipid
accumulation in alcoholic liver disease by phosphorylation of MAPK
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Abstract: The aim of this study is to elucidate the mechanism of metadoxine through which it attenuates
alcoholic liver disease-associated hepatic steatosis. In this study, the effect of metadoxine on alcoholic liver disease
was evaluated in mouse model of alcoholic liver disease induced by high alcohol and high fat diets. In addition,
RNA sequencing (RNA-Seq) of the liver tissues was applied to determine the dominant signaling pathways in
response to metadoxine treatment. The mechanism of metadoxine on metabolic was investigated by mitochondrial
function in HepG2 cells. The animal experiments in this study were conducted in accordance with the guidelines of
the Ethics Committee for Scientific Research of Hefei University of Technology and were approved by the Animal
Experiment Ethics Committee (approval No.: HUFT20210615002). When mice were fed a diet designed to induce
alcoholic liver disease, hepatic lipid accumulation resulted. In this study, the level of serum biomarkers of liver
injury, such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), was substantially decreased
in mice treated with metadoxine compared to the model group (P < 0.05). Meanwhile, the inflammatory infiltration
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and steatosis in liver were alleviated by the administration of metadoxine compared to the model group (P < 0.01).

In vitro, metadoxine significantly reversed ethanol overload-induced impairment of mitochondrial respiratory

function and increased mitochondrial membrane potential in hepatocytes. Transcriptomic sequencing (RNA-Seq)

analysis of liver tissue identified significant enrichment of the mitogen-activated protein kinase (MAPK) signaling

pathway. Measurement of MAPK phosphorylation levels in liver tissue showed that metadoxine treatment

significantly reduced MAPK phosphorylation (P < 0.01). Furthermore, the protective effects of metadoxine were

abolished upon co-treatment with a p38-MAPK inhibitor. Conversely, co-treatment with a p38-MAPK activator

reversed the inhibitory effect of metadoxine on p38-MAPK phosphorylation. This study investigated the

mechanism of metadoxine in alcoholic liver disease and found that metadoxine enhanced mitochondrial function

by the phosphorylation of MAPK and reduced the lipid accumulation and inflammation in alcoholic liver disease.
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Table 1 A list of qPCR primer sequences
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Figure 1 Metadoxine ameliorated hepatic steatosis induced by an alcoholic diet. A: Schematic diagram of alcoholic liver disease modeling
and experimental animal grouping; B: Body weight; C: Liver morphology; D: Liver weight; E: Serum alkaline phosphatase (ALP) level; F:
Serum alanine aminotransferase (ALT) level; G: Representative images of hematoxylin and eosin (HE) staining; H: Liver pathology score; I:
Serum aspartate aminotransferase (AST) level; J: Interleukin-6 (IL-6) level; K: Tumor necrosis factor alpha (TNF-a) level; L: Serum total
cholesterol (TC) level; M: Serum triglyceride (TG) level; N: Serum low-density lipoprotein cholesterol (LDL-C) level; O: Serum high-
density lipoprotein cholesterol (HDL-C) level. n = 8, mean = SEM. "P < 0.05, P < 0.01 vs the control group; "P < 0.05, P < 0.01 vs the

model group
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Figure 2 RNA-Seq revealed the differences in lipid metabolism after the administration of metadoxine. A: Principal component analysis

plot of differentially expressed genes in the liver after metadoxine administration; B: Bar chart of differentially expressed genes in the liver

from Figure 1; C: Volcano plot of differentially expressed genes of model and the metadoxine administration group; D: Pie chart distribution

of GO enrichment component analysis; E: GO enrichment pathway analysis diagram; F-1I: Relative expression of mRNA level of aldehyde
dehydrogenase 1 family, member B1 (4ldh1b1, F), cytochrome P450 family 2 subfamily E member 1 (Cyp2el, G), sterol regulatory element-
binding transcription factor 1 (SrebfI, H), and nuclear factor kappa B subunit 1 (NfkbI, I). n = 3, mean + SEM."P < 0.01 vs the control

group; “P < 0.01 vs the model group
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Figure 3

The invention of the metadoxine improves the mitochondrial function in HepG2 cells. A: The genes related metabolism after

metadoxine administration of liver tissues; B: Oxygen consumption rate (OCR) after metadoxine administration in HepG2 cells; C: Basal

respiration capacity after metadoxine administration; D: Adenosine triphosphate (ATP) production capacity; E: Mitochondrial respiratory

potential after metadoxine administration; F: Non-mitochondrial oxygen consumption capacity; G: Proton leak; H: Mito-tracker deep red

staining showing the mitochondrial morphology in HepG2 cells after metadoxine administration. Scar bar: 5 pm; I: Mitochondrial

membrane potential (A¥m) in HepG2 cells was assessed by JC-1 staining after metadoxine administration. Scar bar: 20 um. n = 3, mean +
SEM.*P < 0.05, ¥P < 0.01 vs the control group; P < 0.01 vs the model group
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Figure 4 Activation of the p38 MAPK signaling pathway after the metadoxine administration. A: Enrichment of biological process

signaling pathways after metadoxine administration; B: KEGG signaling pathway enrichment analysis; C: Protein blot images (in liver

tissue); D: Quantitative analysis of protein blots shown in C; E: Protein blot images (in HepG2 cells); F: Quantitative analysis of protein

blots shown in E. n = 3, mean = SEM. P < 0.01 vs the control group; ""P < 0.01 vs the model group
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Figure 5 Metadoxine reduces hepatic lipid accumulation via the p38 MAPK signaling pathway. A: Representative images of Western blots

in HepG2 cells; B, C: Quantitative analysis of bands shown in A; D: Intracellular TC content (in HepG2 cells); E: Intracellular TG content

(in HepG2 cells); F: Representative images of Western blots in AMLI12 cells; G, H: Quantitative analysis of bands shown in F; I:

Intracellular TC content in AML12 cells; J: Intracellular TG content in AML12 cells; K: Schematic diagram of the experimental workflow in

vitro; L: OCR after metadoxine and skepinone-L administration in HepG2 cells; M: Basal respiration capacity; N: ATP production capacity;

O: Mitochondrial respiratory potential; P: Non-mitochondrial oxygen consumption capacity; Q: Proton leak. n = 3, mean = SEM. “P < 0.01

vs the control group; P < 0.01 vs the model group
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Figure 6 Metadoxine prevents p38 MAPK activation under the condition of p38 agonist stimulation. A: Representative Western blot

images of p38 and p-p38 protein level in HepG2 cells treated with metadoxine under the condition of p38 agonist; B, C: Quantitative

analysis of p-p38 and total p38 from panel (A), normalized to HSP90; D: Representative Western blot images of p38 and p-p38 protein

levels in AML12 cells treated with p38 agonist; E, F: Quantitative analysis of p-p38 and total p38 from panel (D), normalized to HSP90. n =

3, mean + SEM. P < 0.01 vs the control group; P < 0.01 vs the model group
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