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Abstract

Non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver
disease worldwide. Reduced activity and slower metabolism in the elderly affect the
balance of lipid metabolism in the liver leading to the accumulation of lipids. This
affects the mitochondrial respiratory chain and the efficiency of p-oxidation and
induces the overproduction of reactive oxygen species. In addition, the dynamic
balance of the mitochondria is disrupted during the ageing process, which inhibits its
phagocytic function and further aggravates liver injury, leading to a higher incidence of
NAFLD in the elderly population. The present study reviewed the manifestations, role
and mechanism of mitochondrial dysfunction in the progression of NAFLD in the
elderly. Based on the understanding of mitochondrial dysfunction and abnormal lipid
metabolism, this study discusses the treatment strategies and the potential therapeutic
targets for NAFLD, including lipid accumulation, antioxidation, mitophagy and liver-
protecting drugs. The purpose is to provide new ideas for the development of

innovative drugs for the prevention and treatment of NAFLD.
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Core Tip: The elderly are prone to a series of pathological damages such as liver fibrosis
due to the decline of liver regeneration ability and immune response dysfunction. In
addition, liver metabolism imbalance and mitochondrial dysregulation play a key role
in the development of non-alcoholic fatty liver disease (NAFLD). And a treatment
strategy for NAFLD was proposed in terms of abnormal lipid metabolism, mitophagy,
and anti-oxidation, which provided new ideas for the development of innovative drugs

for the prevention and treatment of NAFLD.
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INTRODUCTION

In the past several decades, ageing has become a research hot spot with the
understanding of cancer and metabolic disorder-related diseases. The ageing liver is
also becoming a public health probleml(ll. Due to the decline in the regenerati\rﬁbility
of the liver and dysfunctions in the immune response, older people are more likely to
suffer from non-alcoholic fatty liver disease (NAFLD), acute and chronic liver injury,
liver fibrosis and other diseases. Studies have reported that the prevalence of NAFLD
increases in the elderly, with a prevalence of < 30% in people under 40 years of age and
> 50% in people over 60 years of agel2l.

Currently, it is believed that the mechanism of development of NAFLD includes
increased production of fat, increased dietary free fatty acid (FFA) levels, p-oxidative
damage and dysfunction in very low density lipoprotein synthesisl3l. However, reduced
activity and changes in diet structure lead to a continuous increase in body fat in the
elderly. These factors lead to the accumulation of TGs in the liver and eventually cause
age-related NAFLDII. Studies have reported that the accumulatiobof TG droplets in
hepatocytes is not a harmful process in itself. On the contrary, it is considered an
adaptive response to excessive lipid uptake or the production of fatl®, and this
imbalance in TG synthesis and breakdown causes fatty degeneration of the liverl®l. In
addition, the structural and functional changes in the mitochondria have been shown to
be related to the pathogenesis of NAFLD. Ultramicroscopic analyses have demonstrated
a disordered morphology of hepatocyte mitochondria in elderly patients with NAFLD,
and the damage to the structure and function led to fatty degeneration of the liver and
other injuriesl’l. The changes in mitosis and fusion of mitochondria during ageing lead
to the inhibition of mitochondrial phagocytosisl’l. Cell function can be affected further if
the damaged mitochondria are not cleared in timel8l.

Age-related diseases are the major challenge in the 21st century. Delaying ageing is a
significant challenge that people want to overcome. Ageing has become a very serious

risk factor. Ageing starts with molecular damage and eventually leads to the
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dysfunction of cells, tissues and organsl?l. Clinically, the core of biological ageing is the
increased vulnerability to death. The structural and functional changes in the
mitochondria have been proven to be related to the pathogenesis of NAFLD, the loss of
mitochondrial DNA (mtDNA) in hepatocytes affects function, leading to hepatic
steatosis and other injuries!!l. The present study reviewed the manifestations, role and
mechanism of mitochondrial dysfunction in the progression of NAFLD in the elderly. In
addition, the study discusses the treatment strategies for NAFLD based on the
understanding of mitochondrial dysfunction and abnormal lipid metabolism to provide
new ideas for the development of innovative drugs for the prevention and treatment of

NAFLD.

AGE-RELATED NAFLD: THE ROLE OF LIPID METABOLISM

Lipid metabolism is an important and complex biochemical process in the human body.
The liver has a strong ability to synthesize fat, but it cannot store fat. Fatty degeneration
of the liver occurs when fat is not transported in time. Simultaneously, the body
decomposes fat through the action of various enzymes to maintain the dynamic balance
of lipid metabolism. An imbalance in lipid metabolism ensues when there is a problem
in decomposition. Therefore, in the event of fatty liver-related diseases, the primary

consideration is to identify dysfunctions in the lipid metabolism pathway[m.

Enzyimne regulation of p-oxidation of fatty acids

Mitochondria ensureé continuous supply of energy and metabolites to the organism
through the aerobic oxidation of fatty acids, and the transfer of fatty acids into the
mitochondria for p-oxidation needs to be regulated['2. In the mitochondria, the rate of
lipid oxidation is significantly related to the entry of long-chain fatty acids into the
matrix as well as B-oxidation. The long-chain acyl-CoA synthetase catalyses the fatty
acids to synthetize the acyl-coenzyme A. Considering that the inner mitochondrial
membrane (IMM) is impermeablbto coenzyme A, the exchange of coenzyme A and

carnitine is essential. The enzyme carnitine palmitoyltransferase-1 (CPT-1) is located on
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the outer mitochondrial membrane (OMM) and cgtalyses the reversible transfer of acyl-
coenzyme A groups (with a chain length of C12 to C18) to L-carnitine to form
lcarnitine esters!’3l. This newly generated acylcarnitine is subsequently transferred
into the mitochondrial matrix in exchange for free carnitine. This translocation step is
mediated by carnitine-acylcarnitine translocase (gene name: SLC25A20). Once in the
mitochondrial matrix, acyl groups are transferred back to coenzyme A via CPT2.
Human CPT1 exists in three forms: Liver subtype (CPT1A), muscle subtype (CPT1B)14l
and cerebral subtype (CPT1C)I"l. CPT1A and CPTIB have similar functions but are
expressed in different tissues. The deficiency of CPTIA is associated with increased
levels of L-carnitine in plasma, which provides a clue for the diagnosis of CPT1A
deficiency. At the cellular level, the lack of CPT1A activity in the liver leads to the
inability to generate acylcarnitines that enter the mitochondria for oxidation. Therefore,
CPT1 has become an important target in the regulation of mammalian lipid metabolism.
Abnormal lipid metabolism in the early stage of NAFLD induces oxidative stress, and
mitochondrial dysfunction is also an important aspect of oxidative stress. Damage to
the mtDNA is the main cause of mitochondrial structural damage. Gene damage occurs
due to a direct attack on mtDNA by various lipid peroxidation products, resulting in
the reduction of the synthesis of its encoded mitochondrial complex and ATP synthase.
Gene damage directly affects mitochondrial function. Lipotoxicity-induced oxidative
stress disorder reflects the close relationship between abnormal lipid metabolism and

mitochondrial dysfunction (Figure 1).

Regulation of nuclear receptor peroxisome proliferator-activated receptor for p-
oxidation of fatty acids

In addition to various enzymes, nuclear receptors can also affect the $-oxidation of fatty
acidsl'®l. Steatgsis is one of the pathological characteristics of NAFLD, and fat
accumulation leads to the activation of the nuclear receptor, peroxisome proliferator-
activated receptors (PPARs)[l7l. Studies conducted in 1990 revealed that drug

experiments could cause the proliferation of liver peroxisomes, through which PPAR
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was discovered and later designated as PPARa (NR1C1). Subsequently, two additional
PPARs were identified, namely, PPARB/6 (NRIC2) and PPARy_(NRIC3). The
expression organs and functions of the three PPARs are very different, PPARa is mainly
expressed in the liver and brown adipose tissuel!8l; PPARB/0 is widely expressed in
vivo, with relatively high expression in brain, stomach and intestinel’’l; PPARy
expression is highest in white and brown adipose tissuel?l. PPARa is highly expressed
in the liver, which is the main regulatory protein involved in hepatic B-oxidation, and is
considered to be an important target for regulating dyslipidemia. Studies have shown
that mitochondrial B-oxidation is significantly reduced in the liver of PPARa deficient
micell®l. Fatty liver can be improved by the activation of PPARa and the enhancement
of hepatic fatty acid (-oxidation. Studies that investigated liver tissues from patients
with NAFLD and non-alcoholic steatohepatitis (NASH)[2!l reported that the expression
of PPARa decreased with the progression of fibrosis. PPARa stimulants lead to
decreased expression of substances associated with hepatic steatosis by enhancing
mitochondrial p-oxidation. PPARa is involved in mitochondrial B-oxidation, with CPT1
as the key enzyme, allowing fatty acids to reach the mitochondrial matrix through the
IMM and subsequently be metabolised. Abnormal PPARa expression can increase the
levels of fatty acids and store them in the liver as triglycerides. PPAR[P has been
reported infrequently and has multiple functions and distributions, mainly being
involved in wound healing. PPARy is an important transcription factor for cell

differentiation.

Regulation of the breakdown of lipid droplets

Lipid droplets (LDs) have a unique structure and exist in almost all cells. They are
specialised organelles for storing lipids in cells. LDs provide energy for cells, aid in
biofilm synthesis(2, and prevent FFA-induced lipotoxicity and its influx into toxic lipid
speciesl?l. The accumulation of LDs in non-adipose tissue is a pathological feature of
metabolic diseases such as obesity, diabetes and atherosclerosisi?4. In most cases, LDs

exist in the form of an emulsion, which is the dispersed phase of water in oil in an
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aqueous solution. When large amounts of LDs are present, cells synthesize neutral
lipids, which then form droplets dispersed in the aqueous phasel?’l. The mechanism of
the biogenesis of LDs remains unclear. The_mechanisms underlying LDs biogenesis
remain unknown, but studies suggest that LDs are simple structures surrounded by
endoplasmic reticulum (ER)-derived phospholipid monolayers with dynamically
changing proteome modifications on the surfacel®l. A group of proteins, including
seipin or lipid storage-inducing transmembrane proteins, are thought to be important
for the formation of LDs. According to recent research, LDs are created de novo by
neutral lipid deposition between ER leaflets and directed LD germination from the ER's
outer leaflet into the cytoplasml?7l.

LDs play a core role in cellular metabolism and homeostasis. Along with enhanced
synthesis, decreased catabolism of LDs is another potential source of hepatic steatosis.
There are two main pathways for the turnover of LDs in hepatocytes: corﬁntional
lipolysis and autophagyl2l. Lipolysis involves three key lipases, namely, hormone-
sensitive lipase, adipose triglyceride lipase and monoacylglycerol lipase, which catalyse
the rapid lipolysis of adipose tissue. In addition, some enzymes can directly interact
with LDs to remove FAs from the triglyceride backbone stored in LDs one at a time.
Furthermore, proteins also play an important role in the liver because the regulation of
enzymes requires the participation of numerous hormones and growth factors through
a variety of signal transduction pathwaysl?’l. In addition to the above soluble lipases,
hepatocytes also utilise the autophagy pathway to decompose LDs. Autophagy is
mediated by lysosomes, and the formation of a special double-layer membrane
vesicular structure during the process is called an autophagosome. In recent years,
researchers have progressed in identifying the mechanism of other organelle-selective
autophagy processes, such as mitochondrial phagocytosis and peroxidase
phagocytosisP. Studies have found that lipid phagocytosis can be both non-selective
and selective. Selective autophagy refers to the selective recognition and degradation of
lipids, regulation of hepatocyte fat metabolism, and maintenance of intracellular lipid

homeostasis.
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Lipid metabolism in age-related NAFLD

Under normal circumstances, triglycerides are transported into the liver for lipid
metabolism and are absorbed by hepatocytes. The main causes of NAFLD during
ageing are an imbalance in hepatic metabolism, obesity, malnutrition and insulin
resistance. However, there are few reports on the mechanism of development of age-
related NAFLD, which needs further research in the future.

Obesity and metabolic abnormalities can be observed in elderly patients. The fat
content in the body continues to increase with advancing age. Most of the fat exists in
the form of triglycerides. The colour of the liver is closely related to the triglyceride
contentBl. In addition to obesity, a low-quality diet and reduced activity in older
patients can lead to malnutrition and muscle loss. Moreover, a low-quality diet can lead
to an insufficient caloric supply and low protein levels, leading to an increase in the
serum levels of FFAs. Furthermore, severe insulin resistance in skeletal muscles during
ageing can induce the upregulation of the cholesterol regulatory element-binding
protein 1, which inhibits B-oxidation and leads to fat deposition in the liver. Molecular
substances related to NAFLD interfere with the cascade reaction of the insulin
signalling pathway and aggravate insulin resistance. Studies have also reported that
compared with young individuals, glycogen synthesis in the muscles of elderly
individuals decreases by 45%, the liver fat re-synthesis rate is twice higher, and the
fasting blood triacylglycerol level is significantly higher, which increases by

approximately three times after food[32l.

ROLE OF MITOCHONDRIAL DYSREGULATION IN AGE-RELATED NAFLD

Mitochondria, which account for about one-fifth of the cell volume, are the organelles
that mainly produce ATP in eukaryotic cellsl®l. Almost all energy in the human body is
generated by the tricarboxylic acid cycle and the electron transport chain of
mitochondria, which is produced in the form of ATP. Mitochondria have inner and

outer bilayers. The permeability of the inner membrane is lower than that of the outer
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membrane. The enzymes involved in the electron transport chain and ATP generation
process are located in the inner membrane. An important feature of human ageing is a
decrease in mitochondrial function in various tissues. Therefore, mitochondrial defects

or dysregulation play a key role in ageing as well as diseases such as cancer/34l.

Mitochondrial homeostasis
Mitochondria are dynamic organelles that continuously undergo fusion/division, and
their homeostatic balance is essential for the maintenance of functionﬁﬂany genes
associated with mitochondrial homeostasis are human disease genes. Mitochondrial
dynamics are regulated by two opposite processes, fusion and fission. The processes are
essential to regulate mitochondrial morphology, number, function and sub-cellular
istribution, as well as to maintain mitochondrial homeostasis to cope with stress(33.
Mitochondrial dynamics vary according to the developmental stage, age, cell type,
environmental factors and genetic background. Mitochondrial homeostasis is affected
during ageing. The structure of the mitochondria becomes abnormal with advancing
age, biogenesis is reduced, and mtDNA mutation is increased ],

During ageing, the changes in mitochondrial fission and fusion lead to the inhibition
of mitochondrial phagocytosis, and further damage to cellular function occurs if the
damaged mitochondria are not cleared in time. The process of mitochondrial fusion
requires the inner and outer membrane proteins, optic atrophy 1 (OPA1) protein and
mitotic fusion proteins (MFN1 and MFN2)%]. Deletion of the mitotic fusion proteins
blocks the fusion of the inner and outer membrane proteins (IMM and OMM), while
deletion of OPA1 blocks the fusion of the IMM but not the OMMPBS]. The genetic
disappearance of OPAl changes the morphology and activity of lysosomes, thus
inducing the accumulation of autophagic substrates. Mitochondrial fission is mediated
by several proteins, with mitochondrial motility-related proteins being central. When
mitochondria divide, dynamin-related protein 1 (DRP1) is located in the proteins and

factors on the OMM to form a ring structure. The ring is divided into two mitochondrial
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cristae through the GTP enzyme activity of DRP1. After cell division, DRP1 returns to
the cytoplasm to participate in the next mitochondrial division9l.

Mitochondria maintain their morphology and function in cells through continuous
fusion and division[#l. Studies have found that the mitochondria in the liver of mice
with NAFLD become smaller and fragmented[4!]. Steatosis and inflammatory reaction in
the liver are aggravated in mice with a knockdown of the MFN2 gene that controls
mitochondrial fusion, promoting the progression of liver fibrosis and liver cancer.
Wang et all*2l reported that mice with NAFLD and hepatic mitochondrial DRP1 gene
knockout had mitochondrial fission disorder, which directly promoted ER stress and
hepatocyte death. In the pathological state of age-related NAFLD, oxidative stress in the
liver aggravates mitochondrial functional and structural damage. The damage can
manifest as an imbalance in the regulation of mitochondrial quality, such as the
splitting of mitochondria, increased autophagy and fusion, and reduced biosynthesis,

thereby affecting liver function and energy metabolism and promoting NAFLDI4344].

Mitochondrial reactive oxygen species

The acellular production of reactive oxygen species (ROS) is an inevitable process.
Under normal circumstances, oxygen metabolism generates an adequate amount of
ROS required for detoxification. An excessive amount of toxins will lead to tissue
damage and inflammation; however, cells have several defense systems to fight them.
Most data indicate that oxidative damage increases in older adults. Some studies have
reported that the antioxidant defense capacity decreases with age, while others have not
reported any changesl*l. Compared with other rodents, naked mole rats, a long-lived
rodent, have an increased amount of ROS. However, these rats also have an increased
free radical scavenging ability, which does not decline with agell. Intracellular ROS
may also play important roles in intracellular signaling, which may be beneficial to the
ageing process. Therefore, in our opinion, ROS are not necessarily harmful, and the

balance between ROS and scavenging may be the key.
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It has been found that the mitochondrial respiratory chain and [-oxidation are
gradually impaired in hepatocytes of NAFLD, which induces the generation of excess
amounts of ROSI. Superoxide anions, hydroxyl radicals, peroxy radicals, and other
non-radicals that can produce free radicals are all members of the family of free radicals
known as ROSI*8l. The overproduction of ROS is related to oxidative damage to lipids,
DNA and proteins!450. According to the multiple parallel hit theory, oxidative stress is
considered a major factor in liver injury and disease progression(5!l. Oxidative stress has
increasingly become one of the important pathological causes of the development of
NAFLD, and it is the link between simple steatosis and symptoms of NASHI52l.

Lipids are one of the main sources of mitochondrial ROS in NAFLD. Mitochondria
can produce ROS during oxidative phosphorylation (OXPHOS), which can trigger
mitochondrial dysfunction (such as DNA, proteins, lipids and other molecules) by
interacting with mitochondria and cellular components!®. Mitochondrial function and
ROS production are considered important regulators of lifespan. Mitochondrial
dysfunction leads to the overproduction of ROS. Oxidative damage may be involved in
various pathological processes. At present, an imbalance in the mitochondrial redox
state is considered the main cause of cell damage. The interaction between
mitochondria and peroxisomes regulates metabolic and redox signaling pathw
through the mitochondrial delivery system!>]. Mitochondrial ROS are considered an
important factor in the development of liver disease. The production of mitochondrial
ROS may lead to fatal cell damage due to the impairment of several bioenergetic
responses involved in OXPHOSI®\. In addition, due to its proximity to ETC, mtDNA is

extremely prone to oxidative damage, leading to DNA breakage and mutation/.

Mitophagy

The understanding of the physiological role of autophagy in mammals has increased in
the past decade. Autophagy is associated with many physiological processesl®’). The
main function of autophagy is to degrade endogenous biomacromolecules and recycle

cellular substances. There are three main forms of autophagyP®, namely,
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microautophagy, macroautophagy and chaperone-mediated autophagy. The difference
lies in the mode of transportation. Autophagy has become a potentialémti-ageing
mechanism/®l. Autophagy declines with age and the expression of several key
indicators in the autophagy pathway (such as ATG5 and ATG?7) show a downward
trend in the brain of older peoplel®l. Caloric restriction and exercise can enable
autophagy to delay aging-associated degeneration!®!],

The ageing of cellular mitochondria gradually makes it inefficient and potentially
toxic. An acute injury can increase the permeability of the mitochondrial membrane,
thus triggering apoptosis or necrosis. Autophagy inhibits inflammation through
phagocytosis of dysfunctional or damaged mitochondria, preventing unnecessary cell
lossl®2l. Autophagy can not only regulate lipid metabolism and insulin resistancel®! but
also degenerative diseases caused by the reduced expression of autophagy or
mitophagy genes, including inflammation and cell population death due to lack of
quality control. A growing body of evidence also shows that hepatic autophagy is
impaired in NAFLDI®I, thus confirming the theory that the combination of
mitochondrial dysfunction and insufficient autophagy may lead to a variety of age-
related diseases, and making autophagic flux a potential pharmacological target in
NAFLD.

Presently, two main mechanisms are known to regulate mitochondrial autophagy,
namely, mitophagy regulated by parkin/PINK15] and receptor-regulated
autophagyl®l Parkin is an E3 ubiquitin ligase located in the downstream. PINK1 is a
serine/ threonine kinase located in the upstream. Autophosphorylation of PINKI is
essential for wubiquitin recognition and can promote the translocation of
phosphorylation for parkin from the cytosol to mitochondria. In the event of
mitochondrial damage, the membrane potential decreases, leading to the accumulation
of PINK1 in the OMM, attracting parkin to attach to mitochondria and causing further
autophagy. In addition, Nip3-like protein X (NIX) and Bcl-219 kDa interacting protein
(BNIP3) are outer membrane proteins associated with autophagy and apoptosis under

hypoxia, which can act as mitochondrial autophagy receptors. Studies have confirmed
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that NIX can also participate in the process of parkin-dependent mitochondrial
autophagy. It can be ubiquitinated as a substrate of parkin and recruit the LC3 adaptor
protein NBR1 to target mitochondria to autophagosomes and induce mitochondrial
autophagy (Figure 2)671.

Mitochondrial dysfunction is characterised by an imbalance in mitochondrial
homeostasis, ROS overproduction, autophagy abnormalities, respiratory chain
disorders and mtDNA damage. A large number of studies have demonstrated

structural and functional alterations in the mitochondria of hepatocytes in NAFLD

(Figure 3)[68-70],

Mitochondria and gut microbiome

Appreciation of the role played by the gut microbiome has increased rapidly in recent
yearsl7-73l. Comprehensive studies on the aetiology of NAFLD induced by excess
nutrition and obesity have shown that changes in the gut microbiome are crucial in the
development of NAFLDI?l. Dysregulation of gut flora has been shown to be an
important factor in age-related pathology.

Mitochondria regulate intestinal function, including barrier defense of the intestinal
epithelial cellsl”577l. Studies have shown that mitochondrial dysfunction in colonic
epithelial cells induced by the use of dinitrophenol leads to dysfunction of the intestinal
barrierl?], suggesting that mitochondrial dysfunction impairs the functional integrity of
intestinal epithelial cells. MitoTEMPO, an antioxidant that targets mitochondria,
inhibits these barrier defects, suggesting that mitochondrial stability is important for
maintaining intestinal barrier function/”l. Unbalanced gut flora may contribute to the
development and progression of multiple diseases. Recently, disorders of the intestinal

flora have been implicated in liver diseases, such as hepatitis, cirrhosis and NAFLDI74l,

THERAPIES TARGETING MITOCHONDRIAL FUNCTION IN AGE-RELATED
NAFLD
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Currently, there is no approved drug treatment for NAFLD. Hannah et all””! found that
a 3%-5% weight loss in patients with NAFLD slowed the progression of the condition.
Although lifestyle changes through appropriate diet and exercise have been shown to
be beneficial, most patients find it difficult to achieve and maintain the same. Therefore,
identifying effective therapeutic drugs is an active area of research. Clinically, the
pharmacological agents for NAFLD mainly include lipid-lowering drugs, liver-

protecting drugs, antioxidants, autophagy inhibitors and insulin sensitizers.

PPAR ligand therapy

The disorder of fat metabolism in the human body is one of the important reasons for
the development of NAFLD. Aiming at the accumulation of liver fat, the PPAR ligand
can be considered a possible therapeutic agent for NAFLD. Regulating lipid metabolism
and reducing blood lipids is also a popular approach for the treatment of NAFLDIS0L.
The latest evidence from preclinical and clinical studies confirms the potential of PPAR
égands to treat this series of liver diseases. For example, elafibranor, a PPAR agonist(81],
can increase mitochondrial fatty acid oxidation and oxidative phosphorylation and
reduce the flow of fatty acids from adipose tissue to the liver. Presently, a phase III

clinical trial (NCT02704403) has been completed.

Hepatoprotective drugs

Hepatoprotective drugs are commonly used as adjuvant in the treatment of NAFLD,
which can not only protect the liver but also resist oxidation, inflammation and fibrosis
and prevent the probability of malignant transformation of liver disease. Common
hepatoprotective drugs include polyene phosphatidylcholine and obeticholic acid
(OCA). Polyene phosphatidylcholine has anti-oxidative and anti-inflammatory effects
that aid in reducing liver cell damage and even apoptosis and can effectively target the
pathological symptoms caused by NAFLD. The effect of its combination with

metformin in the treatment of patients with NAFLD and NASH is significantly better
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than that of monotherapylgzl. OCA is a farnesoid X receptor agonist. As a synthetic

lipophilic bile acid, OCA can effectively reduce hepatic steatosis in micel3l.

Antioxidant drugs for inhibiting hepatocyte apoptosis

Vitamin E is an antioxidant and has been proven one of the more effective drugs for the
treatment of NAFLD. Clinical studies have reported significant improvement in blood
lipid biochemical indicators and histopathological changes in_the liver after oral
administration of VE at 800 IU/d for 96 wk. The results indicated that VE was beneficial
for the treatment of NAFLD and NASHI#I. Sanyal et all®l found that oral VE at 800
IU/d for 2 years could improve hepatic steatosis and inflammatory injury. Lv et all8]
hypothesised that the accumulation of ROS was the process of quiescent cells entering
the cell cycle. Through experiments, they confirmed that the expression of cell cycle
regulators P16 and P38 was related to the production of ROS, which provided a feasible
therapeutic target for scavenging ROS and improving NAFLD.

Improve mitophagy

Improving mitophagy has been a hot topic in the treatment of NAFLD in recent years.
Wu et all87] found that a high-fat diet induced an increase in the expression of a mixed
series of protein kinase-like domains (MLKL). MLKL can combine with liver
mitochondria to stimulate the production of ROS and transfer it to the autophagosome
membrane to inhibit the autophagy of injured cells and exacerbate liver injury.
Therefore, MLKL-knockout models can improve the autophagy defect of injured
hepatocytes and alleviate the progression of NAFLD. Studies have suggested the
feasibility of inducing autophagy in the treatment of NAFLD and the application of
related targets. However, excessive induction of autophagy may aggravate liver injury;

therefore, maintaining the balance between them is the key to treating NAFLD.

CONCLUSION
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In summary, as the central link of energy metabolism, mitochondria play an important
role in maintaining the normal structure and function of age-related NAFLD. There is a
concomitant and progressive relationship in the process of age-related NAFLD, from
fatty degeneration to a series of pathological lesions, such as inflammation and liver
fibrosis. However, whether a mitochondrial disorder of hepatocytes is the cause of the
progression of age-related NAFLD or the result of abnormal lipid metabolism and
lipotoxicity cannot be fully confirmed8l. The occurrence of mitochondrial dysfunction
is closely related to the disorders of dynamic balance, mtDNA deletion, excessive
production of ROS, abnormal mitophagy and abnormal fatty acid oxidation. A better
understanding of the mechanism of mitochondrial dysfunction will be helpful to
develop new therapeutic strategies for NAFLD. In the next few years, the availability of
therapeutic options for NAFLD is expected to curb the rising trend of related diseases.
More rigorous experiments should be designed to validate the results and develop
more targeted drugs that regulate mitochondrial function to treat NAFLD, thus

achieving the transformation from basic theory to clinical practice.
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