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Abstract: Steatotic liver disease (SLD) is a disease characterized by abnormal accumulation of lipids in
hepatocytes, which includes metabolic dysfunction-associated steatotic liver disease, alcohol-associated liver
disease, and metabolic dysfunction and alcohol-related liver disease. Most patients only have simple liver steatosis
at an early stage, which will gradually develop into hepatitis, liver fibrosis, and cirrhosis as the progression of the
disease. Mitochondria is a highly dynamic organelle, which changes its morphology, size, and location by
continuous division and fusion. This process is known as mitochondrial dynamics. The imbalanced mitochondrial
dynamics can cause the dysfunction of mitochondria, leading to increased lipid deposition in liver cells, as well as
antioxidant capacity deficient associated reactive oxygen species accumulation and lipid peroxidation, resulting in
increased lipotoxicity and liver injury. Therefore, mitochondrial dynamics play an important role in the
development of steatotic liver disease. In this review, the relationship between mitochondrial dynamics and
mitophagy, mitochondrial-associated endoplasmic reticulum membranes, and mitochondrial-dependent apoptosis in
steatotic liver disease were discussed. In addition, the mechanism role of natural compounds in improving steatotic
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liver disease via regulating mitochondrial dynamics-related cell functions was also systematically reviewed, aiming

to provide the basis and clues for the subsequent investigations and further clinical development and application of

natural compounds in the treatment of steatotic liver disease.
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Figure 1 The mechanisms of mitochondrial dynamics. Mitochondrial fusion: Mitochondrial outer membrane fusion is mediated by MFN1
and MFN2. The adjacent extracellular domain of MFNs, HR2, and GTPase, interact with each other to promote mitochondrial outer
membrane fusion. Mitochondrial inner membrane fusion depends on OPA1 and CL, which promotes mitochondrial inner membrane fusion
by enhancing the interaction of L-OPA1 with CL via GTP hydrolysis. Mitochondrial fission: Mitochondrial fission mainly occurs on the site
of MAMs. Mitochondrial inner membrane fission is primarily dependent on actin polymerization. Fission of the outer mitochondrial
membrane involves the recruitment of DRP1 from the cytoplasm to the outer mitochondrial membrane, where it binds to the membrane
interface proteins MFF, Fisl, MiD49, and MiD51 on the outer mitochondrial membrane. Finally, the fission of the outer mitochondrial
membrane is completed under the catalysis of DRP1 GTPase activity. MFNs: Mitofusin-1/2; OPA1: Optic atrophy protein 1; GTPase:
Guanosine-triphosphate hydrolase; OMA1: Metalloprotease-related protein 1; CL: Cardiolipin; YMEIL: YMEI like 1 ATPase; DRPI:
Dynamin-related protein 1; PKA: Protein kinase A; ERK1/2: Extracellular-signal regulated kinase 1/2; MFF: Mitochondrial fission factor;
Fisl: Mitochondrial fission protein 1; MiD49/51: Mitochondrial dynamic proteins of 49/51; OMM: Outer mitochondrial membrane; MAMs:

Mitochondrial-associated endoplasmic reticulum membranes (created with figdraw)
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The regulatory function of mitochondrial dynamics in MAMSs, mitophagy and mitochondrial-dependent apoptosis. A: The

association between mitochondrial dynamics and MAMs regulation; B: Mitochondrial dynamics regulates mitophagy; C: Mitochondrial

dynamics regulates mitochondria-dependent apoptosis. IFN2: Inverted formin 2; PACS2: Phosphofurin acidic cluster sorting protein 2;
CyPD: Cyclophilin D; mPTP: Mitochondrial permeability transition pore; BNIP3: BCL-2 interacting protein 3; FUNDC1: FUN14 domain
containing 1; PINK1: PTEN-induced putative kinase 1; LC3: Microtubule-associated protein 1 light chain 3; BCL-2: B-cell lymphoma-2;

BAK: BCL-2 antagonist; CytC: Cytochrome C; Apaf-1: Apoptotic protease activating factor-1; Caspase-3/9: Cysteinyl aspartate specific

proteinase 3/9 (created with figdraw)
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A U2 P A AL B AE ™. M R 2 T DU ik k=
DRP1 FI MFNs [ 8 A FRIA K- L4ERFLR LR 5)) /) 211,
FH VT ERAE S5 K 1 (silent information regulator
1, SIRT1) [ 2 I 21K Sk 3 5 2R A4 15 Wk 5% B 1 2 [A]
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ST IE N AR RIE R S 2 R A 28 2
TR, 780 ¥2 38 7 FAE FIALHI Y 2%, DL S I 6]
G IR T Y AL B 78 48 s o g 0 1k S A S —
Fig v, B R B HIRZ, L 259 1) 22 Ak

Table 1 Natural products regulate mitochondrial dynamics to ameliorate steatotic liver disease

Function of mitochondrial dynamics regulation Natural product Regulated molecule Reference

Mitophagy Fucoidan PINK1, Parkin [80]
Quercetin PINK1, Parkin [86]
Resveratrol Parkin, BNIP3, FUNDC1 [88]
Afzelin PINK1, Parkin [90]

MAMs Astaxanthin IRP3, VDAC, MCU, CHOP, ATF4 [95-98]
Lycopene [93]

Mitochondrial-dependent apoptosis Fucoidan BAX, CytC, caspase-3 [80]
Silibinin BAX, caspase-3, BCL-2 [79]
Quercetin BAX, CytC, caspase-3 [104]
Myricetin CytC, caspase-3 [101]
Carnosol BAX, caspase-3 [103]
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