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Abstract

Non-alcoholic fatty liver disease (NAFLD), currently is considered the most common liver
disease in the world, affects up to a quarter of the people. NAFLD, characterized by hepatic
steatosis, is associated with numerous adverse outcomes and high mortality. Furthermore, fatty
acid uptake and de novo lipogenesis production outstrips fatty acid oxidation and export, leading
to hepatic steatosis. Hepatic fatty acid uptake beside de novo lipogenesis are enhanced in
NAFLD, whereas compensatory fatty acid oxidation is inadequate to normalize lipid levels and,
by inducing oxidative stress, may contribute to cellular damage and disease progression,
especially when the function of mitochondrial is impaired and increased peroxisomal and
cytochromal oxidation. Although lipid output initially increases, it levels off and may decrease as
the disease progresses, thereby promoting fat gain. NAFLD is closely associated with many
current lifestyle-related diseases, as hepatic steatosis can lead to systemic metabolic imbalances
affecting multiple organs. This overview focuses on four major pathways that promote hepatic
lipid homeostasis while we discuss the molecular causes of NAFLD
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Introduction condition known as NAFLD [5]. Insulin
resistance plus a more serious metabolic
imbalance are linked to NASH [6]. The
high incidence of NAFLD in developed
nations is associated with the prevalence
of risk factors, including medication use,
gastric bypass surgery, parenteral
nutrition, and inherited metabolic diseases
such as obesity, type 2 diabetes,
dyslipidemias, and insulin resistance [7,

Non-alcoholic ~ fatty liver  disease
(NAFLD) and alcoholic liver disease
(ALD) are the two most common types of
chronic liver disease, share this
characteristic [1]. The most frequent
cause of morbidity, ALD often coexists
with other alcohol use disorders and is
frequently associated with  concomitant
psychiatric ~ conditions. [2, 3]. Unlike

NAFLD, which is defined as liver fat 8].

accumulation (in  excess of 5%) not Fat builds up in the liver parenchyma
related to alcohol or drugs [4]. Simple as a result of poor fatty acid metabolism,
steatosis to non-alcoholic  steatohepatitis  which includes: 1) insufficient

(NASH) are just a few of the many liver apolipoprotein and triglyceride synthesis
illnesses that are included in the metabolic and secretion [9]; (2) delivery of more
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free fatty acids (FFAs) to the liver than
can be digested; and (3) increased
mitochondrial lipid oxidation. According
to research on liver biopsy in obese
individuals, 30-40% of patients have
more severe steatosis [10]. Just 30% of
NASH patients will develop cirrhosis at
the time of their primary liver biopsy,
while 74% of them will have fibrosis[10,
11]. Due to these facts, the risk factors
that indicate the emergence of NASH
were found. A working hypothesis known
as the "two-hit" theory suggests that basic
steatosis can advance into  cirrhosis,
fibrosis, or NASH. The hepatic fat
accumulation  brought on by insulin
resistance  (IR) is the “initial  hit."
Although this phase is insufficient to
cause NASH, it is sufficient to put the
liver at risk for chronic inflammation.
Patients with metabolic syndrome
frequently have it.

The oxidative stress due to reactive
oxygen species (ROS) [12], gut-derived
lipopolysaccharide, and soluble mediators
synthesized both from the immune system
cells and from the adipose tissue cells

have Dbeen indicated as risk factors
responsible for the “second hit” [13].
Although the "two-hit theory™ paradigm

quickly gained acceptance in the scientific
community, it is clear that several
elements are interacting. The molecular
and physiological alterations required for
the transition from steatosis to
steatohepatitis have recently been the
subject of new research utilizing NAFLD
animal  models.  Studies show that
complex interactions  between  genetic
determinants, dysmetabolism, and dietary
factors in NAFLD development led to
hepatic damage and eventual liver disease
[14].

Lipotoxic effects of lipid intermediates
and free fatty acids (FFAs) interfere with
the normal functions of the organelles in

the liver cell, including the production of
ROS, the activation of pro-inflammatory
defense ~ mechanisms, and  ultimately
apoptosis. When inflammatory lipids and
cytokines are released, insulin signalling
is compromised. As a result, very low-
density lipoprotein  (VLDL) production
and liver secretion are impaired [14]. The
ineffective regulation of many nuclear
receptors' activation is the molecular
cause of the developing  metabolic
insufficiency in  NAFLD [15]. The
regulation  of  insulin  signalling s
necessary for the progression of steato-

hepatitis from steatosis to inflammation,
lipid peroxidation, and liver destruction
[16, 17].

Organelle activities during the

metabolic load cycle are compromised by
the liver's fight against oxidative stress.
The first organelle to breakdown is the
mitochondria, according to  decreased
fatty acid oxidation in mitochondria and
increased  fatty  acid  oxidation in
peroxisome [18]. Moreover, oxidative
stress makes the  hepatocytes more
vulnerable to toxic stimuli and stress [19].

The activation of cellular defense
mechanisms  produces additional  stress
stimuli by altering oxidation of lipid and
the redox state intracellularly and may
steer hepatocytes away from survival and
towards death [20]. Activated Kupffer
cells drive the creation of large amounts
of collagen by hepatic stellate cells
(HSCs), which results in liver fibrosis and
cirrhosis. The goal of this review was to
present a summary of the molecular basis
of NAFLD. As a result, we will talk about
the primary reason causing NAFLD as
well as the part that pathologic
modifications in lipid metabolism play
during the entire course of the illness.

Prevalence of NAFLD
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Because to lifestyle factors and risk
factors like metabolic syndrome (MS),
type 2 diabetes, hypertriglyceridemia, and
obesity, NAFLD has a significant
incidence among the general population
[21]. Almost 25% of people worldwide
have NAFLD [22].

Risk factors of NAFLD

Type 2 diabetes, dyslipidemia, insulin
resistance (IR) and central obesity are the
key risk factors for NAFLD, just as they
are for the other elements of the metabolic
syndrome. NAFLD is regarded as the
metabolic syndrome's hepatic component
[23]. Hepatic inflammation histologically
is one of the most significant risk factors.
Other variables that have been linked to
disease progression or extensive fibrosis
include: Older age [24,25], diabetes
mellitus [26], raised serum
aminotransferases [23, 27], body mass
index (BMI) >28 kg/m215, ballooning
degeneration and Mallory hyaline on
biopsy [28]. Higher index of visceral
adiposity, that accounts for high-density
lipoprotein levels, triglycerides, and waist
circumference [29].  Genetic: -A family
investigation of 157 people with familial
combined hyperlipidemia found that both
dyslipidemic patients and family members
with normal lipid levels had higher rates
of fatty liver and alanine transaminase
(ALT) [30]. A decreased risk of
advancement has been linked to coffee
drinking [31].

Molecular mechanism of hepatic
accumulation in NAFLD

lipid

1. Hepatic lipid uptake

Passive diffusion is only a small part of
the process by which circulating fatty
acids are taken up by the liver via fatty
acid transporters [32]. The transfer is
predominantly  mediated by caveolins,
cluster of differentiation36 (CD36) and

fatty acid transport protein (FATP) [33].
In mice, FATP2 knockdown decreases
uptake of fatty acid and hastens the
development of hepatic steatosis brought
on by a high-fat diet [34]. In a similar

manner, FATP5 knockdown in  mice
reduces  fatty  acid  absorption by
hepatocyte, decreases triglyceride content

of the liver, and inhibits steatosis [35].

Long-chain  fatty acid transport is
facilitated by CD36, which is regulated by
peroxisome proliferator activated receptor
(PPAR), liver X receptor, and pregnane X
receptor [36]. Both diet-induced and
hereditary steatosis are lessened by the
liver-specific deletion of CD36 [37]. By
having unusually elevated CD36 levels in
NAFLD patients, this shows that CD36
plays a causal role in steatosis [38]. A
family of three membrane proteins called
the caveolins are involved in the
production of lipid droplets and lipid
trafficking [33]. In the centrilobular zone
3 of the mice livers with NAFLD, where
the steatosis was severe, caveolin 1 levels
were elevated [39].

As hydrophobic fatty acids are difficult
to diffuse in the cytoplasm, they must be
transported  between different organelles
via fatty acid binding proteins (FABP), of
which FABP1, the main liver isoform
[32]. FABP1 improves fatty acids and
their acyl-CoA derivatives transit, storage,
and utilization by binding to cytotoxic

free fatty acids and assisting in their
oxidation or incorporation into
triglycerides. This might protect against

lipotoxicity [40]. When compared to non-

NAFLD controls, NAFLD patients had
greater levels of the hepatic FABP1,
FABP4, and FABP5 mRNA [41]. In
Figure 1, the four main pathways are

depicted for the regulation of lipid intake,
de novo lipogenesis (DNL), fatty acid
oxidation (FAO), and the export of lipids
in very low-density lipoproteins (VLDL).
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Hepatic fat accumulation is caused by an

imbalance between lipid synthesis and
lipid oxidation [42].

2. De novo lipogenesis

Acetyl-CoA is converted by the liver

into new fatty acids with the help of

denovo lipogenesis (DNL). Malonyl-CoA
is created by acetyl coA carboxylase
(ACC), which is then converted into

palmitate by fatty acid synthase (FASN).
New fatty acids undergo a multitude of
processes, including esterification,
elongation, desaturation, and storage as
triglycerides or VLDL particles. Elevated
DNL can therefore lead to hepatic
steatosis and/or hypertriglyceridemia
since saturated fatty acids like palmitate
cause inflammation and apoptosis. On the
other hand, steatohepatitis can also
develop  [43]. Moreover, DNL was
independently correlated with intrahepatic
lipid concentrations [44], and suppression
of DNL during fasting may be a key
feature in NAFLD patients [44].

The importance of DNL in NAFLD is
shown by studies showing that
approximately 26% of hepatic
triglycerides in obese NAFLD patients
were generated by DNL and that these
individuals were unable to modify DNL
during the change from a fasted to a fed
state [45]. The two main molecules that
regulate the transcription of DNL are
carbohydrate  regulatory  element-binding
protein (ChREBP), which is activated by
carbohydrates, and  sterol regulatory
element-binding protein 1c (SREBPLc),
which is activated by insulin and the liver
X receptor [46, 47]. Due to its lipogenic
action, SREBP1c expression is elevated in
NAFLD patients, and transgenic mice
overexpressing SREBP1c had  greater
hepatic triglyceride levels than SREBPI1c
knockout animals [48]. However, in
SREBP1c knockout mice, expression of

lipogenic enzymes decreased [49].
ChREBP  promotes carbohydrate-induced
DNL but not fat-induced DNL due to the
fact that high-fat diets do not increase
ChREBP and may even  diminish
ChREBP activity [50]. ChREBP has been
demonstrated to be knocked out in mice,
which causes delayed glucose clearance,
insulin resistance, and extreme
intolerance to simple sugars like sucrose
and fructose. As a result of the animals'

failure to shift fructose into glycolytic
pathways, most of the animals die [51].
Furthermore, a 65% decrease in hepatic

fatty acid production in knockout mice as
compared to wild-type controls has been
observed. This implies that ChREBP is
essential for a typical lipogenic response
following  carbohydrate  delivery  and
supports the critical function of ChREBP
in both glucose and lipid metabolisms
[51].ChREBP may be hepatoprotective by
lowering cytotoxic-free cholesterol levels
and the resulting liver damage [52].

An  effective  defense mechanism
against more liver damage and the
emergence of NASH may be represented
by elevated ChREBP levels in NAFLD.
This theory is backed by the fact that
lipogenesis and the development of
NASH are distinct processes, indicating
that high DNL may promote steatosis
while  being  advantageous  for  the
advancement of the illness [53]. When a
liver-specific ACCl gene was knocked
out, the accumulation of fat in mice's
livers and DNL in their hepatocytes was
decreased [54]. Although mutant mice
were not protected from hepatic steatosis
brought on by a high-fat diet, this may

have been because of an increase in
ACC2, an inhibitor of mitochondrial-
oxidation, which inhibited fatty acid

oxidation [54]. Consequently, to advance
hepatic steatosis in mice, both ACC1l and
ACC2 needed to be inhibited [55].
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Saturated fatty acids are expected to be
partitioned to  mono-unsaturated  fatty
acids, which is thought to help halt the
progression of NAFLD [56]. While not
everyone with fatty livers progresses to
developing NASH, some of them require
protective measures against lipotoxicity,
such as lipid desaturation and reduction of
lipid-induced inflammation [57].
Diacylglycerides are detrimental in the
early stages of NAFLD development
because NAFLD/NASH progression does
not promote further alterations in lipid
metabolism  linked to  diacylglycerides
until  steatosis has started [58]. In
conclusion, lipogenesis encourages lipid
accumulation in NAFLD and raises the
possibility that DNL might be a good
therapeutic target.

3. Oxidation of fatty acids

Particularly when levels of circulating
glucose are low, the synthesis of
adenosine triphosphate (ATP) is powered
by fatty acid oxidation (FAO), which is
predominantly controlled by PPAR and
occurs mitochondrially [33, 59].
Peroxisomes, cytochromes, and
mitochondria in mammalian cells all have
a role in FAO [58, 60]. Fatty acids cannot
enter mitochondria without the enzyme
carnitine palmitoyl transferase 1 (CPT1),
which is located in the outer membrane of
the mitochondria [61].

Very long chain fatty acids, on the
other hand, are broken down through
peroxisomal-oxidation since the

mitochondria are unable to oxidize them
[62]. NAFLD is also influenced by the
cytochrome-oxidation [60]. Yet, the
quantity of oxidative stress, ROS, and
toxic dicarboxylic acids generated by
these activities increases the likelihood of
inflammation and the onset of disease
[60]. PPAR's role in regulating hepatic
lipid metabolism is supported by the

hepatic steatosis that PPAR  knockout
animals experience [63]. Hepatic PPAR
levels are similar in healthy volunteers
and human steatotic patients [41]. In
contrast to patients with steatosis and
healthy individuals, NASH patients had
downregulated PPAR, and PPAR
expression decreased with rising NAFLD
activity score and fibrosis stage [64, 65]
and decreased PPAR expression [66]. Due
to the fact that decreased PPAR in NASH
also enhanced the binding of DNA to c-

Jun N-terminal kinase 1 (JNK1) and
nuclear factor kappa-light-chain enhancer
of activated B cells (NF-B), increasing

hepatic inflammation, it may be related to
several aspects of NASH progression,
modulating both inflammation and lipid
homeostasis [67]. Depending on how bad
the condition is, different fatty acids may

oxidize  differently. Moreover, FAO
capacity may differ amongst people,
making some subjects more prone to
NAFLD. Patients with more severe
steatosis  expressed more  peroxisomal,

mitochondrial, and oxidative genes than
others [68]. Enhanced FAO may be a
corrective  action taken by NAFLD
patients in an effort to reduce lipid excess
and lipotoxicity. Hence, in addition to
FAO, NASH patients also had elevated
hepatic oxidative stress and alterations in
mitochondrial ultrastructure [69]. In the
mitochondria of NAFLD animal models
as well as the liver biopsies of NAFLD
patients, a  decrease in  superoxide
dismutase (SOD), glutathione, glutathione
peroxidase was found [67].

Oxidation of lipid and mitochondrial
DNA oxidative damage further impair
mitochondrial activities, creating a self-
reinforcing feedback loop that exacerbates
mitochondrial malfunction and oxidative
stress [62]. When compared to controls,
obese NASH patients had lower levels of

mitochondrial  respiratory chain  activity
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[70]. This decline in the function of
mitochondria may have prompted the
deployment of substitute FAO routes [71].
Increased cytochromal FAO may thus be
a significant steatosis and NASH event
due to the excessive amount of ROS that
the  cytochrome P  (CYP) enzymes
produce,  which  exacerbates  hepatic
oxidative stress and subsequently worsens
liver damage. Peroxisome is the third and
last organelle in the chain of three
necessary for hepatic lipid homeostasis
and fatty acid metabolism [72].

Targeting  this  system,  peroxisomal
FAO is confirmed to have a role in
NAFLD and NASH through hepatic lipid
buildup, fibrosis, oxidative stress, and
inflammation, either through a defect in
acyl coA oxidase (ACOX) or hepatocyte-
specific deletion of peroxisomes [72]. To
sum up, FAO produces extremely high
levels of ROS in damaged mitochondria
and may also help FAO utilize
peroxisomes and cytochromes. By
causing oxidative stress and
inflammation, this promotes the spread of
disease.

4. Lipid export

Triglyceride export is the only method
for lowering hepatic lipid level other than
FAO [73]. Fatty acids cannot be exported
from the liver on their own because they
are hydrophobic; instead, they must be
coupled with cholesterol, apolipoproteins,
and phospholipids to create water-soluble

very low density lipoprotein (VLDL)
particles  [74]. Microsomal triglyceride
transfer  protein's  (MTTP)  enzymatic

activity causes the endoplasmic reticulum,
where apolipoprotein B100 (apoB100) is

lipidated, to produce VLDL particles.
After being delivered to the Golgi
apparatus, the growing VLDL particle

continues to be lipidated there until the
entire VLDL particle is created [75]. The

triglyceride ~ concentration  of  VLDL
particles can vary significantly, despite
the fact that one apoB100 molecule is
associated with each and required for
VLDL export [74, 76]. Hence, MTTP and
apoB100 are necessary for maintaining
hepatic lipid homeostasis and hepatic
VLDL  secretion.  Therefore, hepatic
steatosis  brought on by  impaired
triglyceride export is hence common in
those with apo B or MTTP gene
mutations (hypo-beta-lipoproteinemia or a
betaproteinemia, respectively) [77].

Although extended exposure
acids led to posttranslational degradation
of apoB100 and endoplasmic reticulum
stress (ER stress), which in turn reduced
apoB100 secretion, researchers were able
to relate ER stress to the evolution of
NAFLD through apoB100 suppression
[78]. PPAR controls the transcription of
the MTTP gene, and an alteration in
apoB100 secretion enhanced MTTP [79].
PPAR  therefore  regulates lipoprotein
metabolism in addition to FAO to exert its
catabolic effect. Contrarily, insulin
adversely regulates both apoB100 and
MTTP, causing apoB100 to degrade and
MTTP production to be suppressed, both
of which reduce hepatic lipid export [76].

to fatty

Increased insulin levels decreased the
production of hepatic VLDL in the
postprandial period, favoring the transport

of dietary lipids to the periphery via
chylomicrons [76]. Yet, in NAFLD
patients, the selective hepatic insulin

resistance allows for an increase in DNL
without affecting the synthesis of VLDL
[80]. NAFLD patients secreted more
VLDL [75, 81, 82], and triglyceride levels
in the liver were strongly correlated with
VLDL-TG secretion rates [83]. While the
export of VLDL-TG increased as
intrahepatic  lipid level increased, the
secretion peaked when hepatic fat content
exceeded 10% and was beyond the
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capacity of compensatory mechanisms to
avoid growing hepatic lipid accumulation
[75].

While VLDL-apoB100 secretion
remained unaltered, patients with hepatic
steatosis secreted more VLDL-TG than
healthy individuals, which suggests that
NAFLD patients create larger, more
triglyceride-rich  VLDL  particles rather
than more VLDL [75]. Due to the fact
that particularly large VLDL particles
cannot be released if their diameter
exceeds that of sinusoidal endothelium
pores, the restriction may result in fat
retention and NAFLD [84]. When
compared to controls, apoB100 mMRNA
levels and MTTP were found to be higher
in NAFLD patients [85], but apoB100
synthesis rates were shown to be lower in
NASH patients [86]. Inadequate levels of
apoB100 as a NAFLD causing factor
could be indicated by a failure to increase
the amount of released VLDL particles.

By comparing to healthy controls,
NAFLD patients who had more advanced
steatosis (> 30%) exhibited lower levels
of MTTP, raising the possibility that the
considerable intracellular  lipid  buildup
may also directly limit lipid export [86].

Pathology of non-alcoholic fatty liver

disease
1. Non-alcoholic fatty liver (NAFLD)

Steatosis alone or steatosis combined
with mild lesions that are not severe
enough to be classified as non-alcoholic
steatohepatitis  (NASH)  characterize a
substantial portion of those with non-
alcoholic fatty liver. Based on studies,
people with steatosis alone are more
likely to experience non-hepatic cancer-
related illnesses but not to die from liver-

related causes [87]. Steatosis may be
regarded as pathological when lipid
droplets are present in at least 5% of

hepatocytes. There are two types of
steatosis: macro vesicular and medio-
vesicular. The lipid vacuole fills the entire
hepatocyte in macro vesicular steatosis,
forcing the nucleus to one side. These
cells resemble adipocytes at their most
severe [88]. When small vacuoles are
present in the cystol, medio-vesicular
steatosis develops. Typically, these
vacuoles may be easily separated from
one another and are few enough to count.
The micro vesicular steatosis, in which a

large number of tiny vacuoles replaced
the hepatocyte and gave a foamy
appearance to the cell, should be
separated from the medium vesicular
steatosis [89].

2. Non-alcoholic steatohepatitis
(NASH)

Those having a histological pattern of
advanced fibrosis and steatohepatitis are
more likely to experience end-stage liver
disease or liver-related death [24, 90].
Epidemiological ~ studies indicate  the
presence of two distinct entities with a
potential shift from one to the other and in
both directions. Pure steatosis may evolve
to steatohepatitis. In order to diagnose
steatohepatitis,  liver  tissue must be
examined. If a liver biopsy is required to

confirm the existence of NASH, it must
be done [91].

It is now well accepted that
inflammation of lobules and
clarification/ballooning of liver cells are
necessary beside steatosis [92].

Additional histological traits might occur,
although they might not be useful in
making the diagnosis of NASH. Presence

of more than 5% of mainly macro-
vesicular hepatocellular steatosis in liver
tissue sections is the minimal histologic

indicator of NAFLD [93].
3. Lobular inflammation
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Little clusters of inflammatory cells,

primarily macrophages and lymphocytes
that are occasionally coupled  with
apoptotic bodies or hepatocyte dropout

make up lobular inflammation. Neutrophil
aggregates are uncommon and only start
to dominate when there are lots of
Mallory-Denk bodies present [94].

4. Ballooning hepatocellular injury

Another important steatohepatitis
diagnostic sign is hepatocellular
ballooning. The balloon-shaped
cytoplasm of inflated hepatocytes s

caused by the removal of sharp angles in
the liver cell, which is transparent, non-
vacuolar, and flocculent. It's possible that
hepatocytes are larger than  typical
hepatocytes [94]. Ballooned hepatocytes
are typically found in zone 3 in adult
NASH, where perisinusoidal  collagen
fibers are frequently associated with them
[95]. In the presence of a steatosed liver,
lobular  inflammation and  hepatocyte
ballooning are both required and enough
features for NASH diagnosis.

5. Fibrosis

Many  studies have shown that,
regardless of the presence or severity of
other histological indicators, the stage of
fibrosis has an impact on both overall
mortality and mortality attributable to the
liver alone making it a significant
characteristic  [90]. Yet, while NAFL
might have any level of fibrosis without
having any NASH symptoms, NASH is
often always linked to some degree of
fibrosis.

6. Cirrhosis

The pathological precursor to hepatic
cirrhosis, which is the last stage of several
chronic liver diseases is fibrosis [96].
Although there are numerous contributing
factors to liver cirrhosis, there are specific
clinical characteristics that are present in

all instances, including liver parenchyma
replacement Dby regenerating nodules and
fibrotic tissues as well as liver function

loss [97, 98]. The known information
about the natural history of NAFLD is
displayed and summarized in  Figure
2[99].

Effects of oxidative stress on non-
alcoholic fatty liver disease

Nonalcoholic  fatty liver disease is
accompanied by intrahepatic  alterations
such as medium credits, inflammation-
induced injury, angiogenesis, death of
parenchymal  cell,  fibrosis, and the

accumulation of fat. NAFLD also affects
tissues other than the liver, although these
changes also reduce the liver's ability to

renew and increase portal hypertension
[21]. Hence, cirrhotic  cardiomyopathy
(CCM), hepatorenal syndrome, peripheral
neuropathy ~ (PN),  sarcopenia, portal
hypertension, hepatic encephalopathy
(HE), and cirrhotic cardiomyopathy are
the  main intra-  and extrahepatic
consequences linked to the advanced

stage of NAFLD. Additional dysfunctions
include coagulopathy, liver malignancy,
spontaneous bacterial peritonitis, ascites,
gastroesophageal  varices,  coagulopathy,
fragility, malnutrition, and immune
system abnormalities [100, 101].

As  oxidative  species grow and
antioxidant  systems  decline, NAFLD's
intra- and  extrahepatic problems are
mostly caused by oxidative stress (OS)
[102].0ne significant reason that can
affect NAFLD's antioxidant system and
increase ROS is increased levels of free
fatty acids and lipid overload in the liver.
The key mechanisms underlying OS
include mitochondrial dysfunction,
endothelial damage, and cellular organelle
failure, particularly ~ stress on  the
endoplasmic reticulum (ER). Because of
these structural and functional
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abnormalities of liver tissue brought on by

ROS, the deleterious effects on
extrahepatic ~ tissues and organs are
affected [103, 104].

Role of oxidative stress in the liver

during NAFLD

In NAFLD, liver experiences steatosis,
damage, hepatocyte ballooning,
inflammation, fibrosis, and cell death by
apoptosis [105]. The functions of the liver
are also changed. As suggested by
multiple-hit theory [106, 107], a number
of variables are involved in the
pathophysiology of NAFLD. According
to this idea, environmental factors can
lead to weight gain, increased free fatty
acid (FFA) mobilization, insulin
resistance, and fat deposition that may
encourage lipolysis and the development
of ongoing low-grade inflammation. By
increasing the FFA flow to the liver and
hepatic de novo lipogenesis, these
alterations cause hepatic steatosis. By
increasing the flow of FFA into the liver
and initiating hepatic lipogenesis from
scratch, these alterations lead to hepatic
steatosis  (Figure 3). Through causing
lipotoxicity and OS, FFA and
triglycerides damage the liver by causing

hepatic inflammation, mitochondrial
dysfunction, hepatocyte death, and
fibrosis [108, 109].

The pathophysiology of NAFLD is
also influenced by environmental

variables. In this way, the development of
NAFLD is made more likely by endocrine
disruptors like bisphenol A (BPA), which
interfere with normal hormonal
transmission. Plastics made from
polycarbonate and epoxy resin contain the
food-contaminant BPA. As a result of IR,
enhanced de novo lipogenesis, and an
imbalanced lipid homeostasis that favors
the pathogenesis of NAFLD, exposure to
BPA causes epigenetic modifications in

the liver that are able to determine
triglyceride  accumulation  [110,  111].
Moreover, a secondary effect of NAFLD-
induced liver failure that adversely affects
extrahepatic tissues is an increase in blood
ammonia. As a result of the liver's
inability to convert ammonia to glutamine
and urea, ammonia builds up in the blood,
leading to hyperammonemia (HA) [111].

Signs and laboratory findings of NAFLD

In most cases, NAFLD is
symptomless. when it does, they could
consist of fatigue, aches and pains in the
upper right abdomen [112]. While in
NASH and severe scarring (cirrhosis)
could show these symptoms, stomach
bloating (ascites), bigger blood vessels
under the skin's surface and exaggerated
spleen [113]. Regarding clinical finding
of NAFLD, serum TG and TC levels were
higher in the HFD group than in the
normal diet group, at the same time LDL
level was higher in the HFD group than in
the normal diet group. While, HDL level
was lower in the HFD group than in the
normal diet group [114]. Serum ALT and
AST levels were higher in the HFD group
than in the mice that were fed the control
diet [115].

Screening methods for NAFLD

Ultra sound is appropriate as a NAFLD
screening technique. Nevertheless,
steatosis below 10% of hepatocytes is not
recognized, and up to 20% is unreliably
detected [116]. Good sensitivity (85%-—
96%) and specificity (up to 98%) are

attained in moderate and severe hepatic
steatosis [117]. Computed tomography
(CT), which can only be used in facilities
with  substantial medical  equipment,
reliably ascertains the liver's fat level by
assessing organ  density [118]. The
performance of CT was very
underwhelming in a meta-analysis that
compared several radiological techniques,
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with a sensitivity of 46-72% [119]. If the
density ratio between the liver and spleen
on native CT has a threshold value more
than 1.1[120], then at least severe hepatic
fatty degeneration can be identified. Even
in  comparison to magnetic resonance
imaging, dual-energy CT has been able to
demonstrate good findings for estimating
the amount of fat in the liver in smaller
cohorts [121].

The huge medical gadget known as
magnetic resonance imaging (MRI) is a
radiologic imaging technique that does
not expose users to radiation. The liver's
fat content and stage of fibrosis can both

be identified using  specific  MRI
modalities with  high accuracy [118].
Compared to  US-based elastography

methods, MR elastography evaluates liver
stiffness with a markedly higher degree of
accuracy [122,123]. Compared to TE, MR
elastography also showed stronger
correlations with clinical fibrosis
measures and scores [124].In a recent,
thorough investigation, multiparametric
MRI with fat content (by PDFF or
spectroscopy) and  fibrosis (by MR
elastography) determination was superior
to the corresponding Fibro-Scan-based
non-MR procedures (CAP for steatosis
and TE for fibrosis) [125].

1. Natural treatment

The natural treatment of NAFLD
includes: the therapeutic actions of L.
contain liver support, antibacterial,
lowering of lipid and lowering effects on
cholesterol, nitric oxide synthase gene
expression is encouraged, and endothelial
cells are encouraged and improved in the
repair of atherosclerosis[126]. According
to the findings of a clinical trial
investigation, Cynara appears to be an
effective herbal supplement for treating
NAFLD problems while also appearing to
alleviate the laboratory symptoms of fatty

liver [127]. Furthermore, Vitamin D
controls insulin  secretion, the immune
system, and the metabolism of minerals. It
might also have anti-inflammatory effects
[128]. According to studies, up to 75% of
those with metabolic syndrome (MetS)
have vitamin D insufficiency, and there is
a link between it and the occurrence of
NAFLD.

Individuals with hepatic steatosis and
chronically elevated liver function tests
(LFTs)identified by ultrasonography (US)
were suggested to have a relationship
between histologically severe NASH and

low vitamin D levels [128]. Moreover,
several metabolic and intracellular
processes, including the transfer of fatty

acids entering the mitochondria, the lipid
levels in serum are lower, cell membrane
stability, are significantly influenced by
L-carnitine [129]. Furthermore, it has the
ability to change the inflammatory
response and regulate the energy balance
in tissues that mostly obtain their energy
from oxidation of fatty acid. L-carnitine
supplements appear to be effective in
treating liver cirrhosis [130].

L-carnitine  supplementation can help
treat NASH when combined with a
change in lifestyle. L-carnitine

supplementation (500 mg twice daily) for
1 year as a NAFLD treatment has not

been associated with any significant
changes in liver function tests (LFTs) or
US grade, according to data from
randomized controlled trials (RCT)

published more recently [131]. There are
numerous meals that include betaine, a
human vitamin. The liver uses betaine to
convert homocysteine into  methionine,
which raises methionine levels while
lowering homocysteine levels [132]. Only
one randomized controlled trial (RCT)
examining  the  benefits of  betaine
supplementation to patients with NAFLD
found no difference between the betaine
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group and the placebo group in liver

function tests (LFTs) or histology [132].
2. Chemical treatment

A lipid-lowering drug, atorvastatin is
administered to NASH patients at a dose
of 10 mg/day for 12 months. As well as
reducing the NAFLD activity score and
raising the liver to spleen density ratio,
atorvastatin dramatically decreased levels
of liver transaminase, GGT, LDL-C, TGs,
type IV collagen, and tumor necrosis
factor (TNF)-alpha [133]. Moreover, N-
acetylcysteine (NAC) is a precursor of
glutathione (GSH) which acts as a major
endogenous  antioxidant  [134]. NAC
protective effects of are evident in chronic
diseases where decreased oxidative stress
or GSH such as NASH occur [135].

3. Nano-treatment

When it comes to the transfer of a
medicine to the target site, nanoparticles
are small objects that operate as a single
unit [136]. Pharmaceutical, therapeutic,
and medical diagnostic nanoparticles offer
a wide range of possible applications. By
using more modern drug  delivery
techniques, research on nanoparticles is
very helpful in treating diseases and
performing surgeries [137]. The ultra-
small size, higher surface area to mass
ratioo and  improved  reactivity  of
nanoparticles are their distinctive physical
and chemical characteristics. The
limitations  imposed by  conventional
medicinal and diagnostic  agents are
overcome by nanoparticles thanks to these

characteristics  [138].  Nanoparticles are
drug carriers that have an enhanced
capacity that gives the drug contained
therein more stability, improving drug
bioavailability  and reducing dosage

frequency [139].

The highly reactive species known as
nanoparticles have unusual characteristics

like a small, controlled size and a high
surface to mass ratio [140]. They enhance
the pharmacological and pharmacokinetic
features of the therapeutic molecule,
making it more appropriate for targeted
drug delivery [141]. By preserving the
medicine in  systemic circulation and
confining drug approval to specific areas,
nanoparticles enable more effective drug
use. Moreover, they reduce undesired side
effects and deliver the medication at a
controlled rate to the site of action [142].

The most popular drug administration
method, with a greater rate of patient
compliance, is oral drug delivery.
Nonetheless, it is still associated with a
variety  of  barriers, including  the
stomach's acidic pH and digestive
enzymes [143]. By oral administration,
nanoparticles may enable the effective
delivery of drugs whose action is

constrained by low bioavailability [144].
3. a. Nano-silymarin

A combination of flavonoids known as
silymarin is obtained from the milk thistle
plant, Silybum  marianum. Since the
sixteenth century, it has been employed in
the treatment of liver ailments. Its extract
has a flavonoid content of 65% to 80%, a
fatty acid and polyphenolic compound
content of 20% to 35% (fatty acids with
metabolic regulating actions) [145].

Silymarin can support the antioxidant
defenses in a variety of ways. First, by
scavenging free radicals. Second, either
by inhibiting the enzymes that produce
free radicals or by maintaining the
integrity of the mitochondrial electron-
transport chain under stressful situations.
Thirdly, by aiding in the maintenance of
the cell's ideal redox status by triggering a
variety of enzymatic and nonenzymatic
antioxidants, primarily via way of the
transcription  factors Nrf2 and NF-B.
Finally, by activating a range of vitamin
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genes that produce defense mechanisms
such heat shock proteins (HSP), sirtuins,
thioredoxin (Trx), etc. and provide further
protection in tense circumstances [145].

The pharmacological
silymarin has been extensively
established, and its  hepatoprotective
effects have been researched in vitro and
in animals. Studies have shown that
certain substances have antioxidant and

free radical scavenging activities, as well

profile of

as improved antioxidant defense by
limiting glutathione depletion and anti-
fibrotic action [146]. Silymarin has a
variety of effects, including reducing
leukotriene synthesis, downregulating
Kupffer cells, and using prostaglandins
[147]. It also inhibits  neutrophil
migration. Silymarin's weak water
solubility restricts it has oral absorption
ratio (23-47%) [148] while its
bioavailability is (0.73%) [149], which
makes it difficult to wuse in clinical
settings. It remains difficult to increase
silymarin's  oral  bioavailability ~ while
maintaining therapeutic efficacy. Despite

the fact that several dosage forms and
nanocarriers have been created to increase
silymarin  bioavailability, there is not
enough information on the possibility that
these nanocarriers may improve the lipid-
lowering efficiency of silymarin as a
hepatoprotectant [150].

3.b. Nano-chitosan

Chitosan  oligosaccharides, which are
water-soluble byproducts of the
enzymatic digestion of chitosan, have
demonstrated a number of biological
characteristics, including anti-
inflammatory and antioxidant capabilities
[151]. Low molecular chitosan
oligosaccharide supplementation also
markedly reduced overall plasma
cholesterol level and intestinal absorption

of dietary fat [152]. In comparison to

chitosan-particles, cells of fatty liver more
readily absorbed chitosan  nanoparticles
by a factor of 1.92. Also, chitosan lipid
polymer-nanoparticles dramatically
lowered the levels of triglyceride (TG) in
fatty liver cells during an in vitro lipid
deposition assay, indicating the possibility
of their potential cholesterol-lowering
effects. In vivo, chitosan lipid polymer-
nanoparticles  effectively reduced blood
TG levels, improved aspartate
transaminase  (AST) and ALT, and
reduced lipid synthesis in mouse livers.
After  treatment with  chitosan lipid
polymer-nanoparticles, macro-vesicular
steatosis in diseased tissue decreased,
showing their preventative action against
liver steatosis in NAFLD [153]. Mice
were fed a diet high in fat, chitosan with a
low  molecular  weight lowers liver
triacylglycerol and cholesterol levels. In
addition, studies  on hyperlipidemic
animal models have demonstrated that
chitosan effectively lowers blood lipid
levels and prevents weight gain in obese
animals [154]. Chitosan was predicted to

enhance silymarin's hepatoprotective,
lipid-lowering, and oral absorption
properties [155]. Chitosan nano-particles

have undergone extensive research in the
lab for the disinfection of water and the
immobilization of enzymes [156, 157].

Chitosan supplementation also
decreased high-fat diet-induced lipedema
due to its hypolipidemic  function,
improved silymarin oral bioavailability,
and improved lipid-lowering efficiency
for treating NAFLD [158]. On the other
hand, this marine polysaccharide's ability
to quench free radicals has also been well

researched [159].

3.c. Cerium
(CeO2NPs)

In experimental liver illness, in recent
years, cerium oxide nanoparticles

oxide nanoparticles
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(CeO2NPs) have become a brand-new,
powerful  antioxidant  with  medicinal
applications. There have been reports of

CeO2NPs acting as ROS and nitric oxide
(NOS) scavengers [160] and mimicking
the actions of a number of enzymes,
including peroxidase, catalase, and SOD
[161]. As a result, the positive benefits of

A number of medical specialties have
recorded the use of CeO2NPs, including
hepatology and neurology [162].
CeO2NPs, in contrast to other

antioxidants, are inactive and harmless in
healthy cells, becoming active only at
pathogenic ROS levels [163]. According
to  research, CeO2NPs can  reduce
steatosis [162], reduce oxidative stress
[154], and exhibit  anti-inflammatory
effects in various experimental animal
models of NAFLD [165].

Conclusion

One of the most prevalent liver
disorders is NAFLD, estimated to affect
many people worldwide. In this review,
we summarized its molecular mechanism
and described the key player involved in
NAFLD onset. Moreover, pathological
steps of NAFLD progression and its nano-
treatments  were illustrated.  Regarding
clinical  finding of NAFLD, serum
TG, TC, LDL, ALT and AST levels were
higher in the HFD group than in the
normal diet group. While, HDL level was
lower in the HFD group than in the
normal diet group. Nanoparticles are drug
carriers that have an enhanced capacity
giving the drug contained therein more
stability, improving drug bioavailability
and reducing dosage frequency including
nano-silymarin, nano-chitosan and
silymarin loaded chitosan nanoparticles.
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Figure 1: An overview of hepatic lipid metabolism. (1) Fatty acid transportation. (2) De novo lipogenesis creates

new fatty acids from acetyl-CoA. (3) By using lipids as an energy source, fatty acid oxidation, which is regulated by

peroxisome proliferated activated receptor, lowers the amount of fat stored in the liver. (4) Lipids can be exported

from the liver in the form of water-soluble very low-density lipoprotein particles.[42].
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Natural History of NAFLD
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Non Alcoholic Steatohepatitis

Figure 2: Available data regarding the natural history of nonalcoholic fatty liver disease illustrating steps of

nonalcoholic fatty liver disease including, nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, cirrhosis,

fibrosis and hepatocellular carcinoma (HCC)[106].
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Figure 3: Intrahepatic complications in non-alcoholic fatty liver disease. Hepatic steatosis is one of the primary

changes in nonalcoholic fatty liver disease. Hence, when steatosis progresses, free fatty acid levels rise, raising
intrahepatic triglyceride levels. Lipotoxicity and oxidative stress are caused by this large increase in lipids within the
liver. Oxidative stress and lipotoxicity increase profibrotic factors that cause liver fibrosis by causing mitochondrial

malfunction, hepatocyte death, and hepatic inflammation [107].

167



