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Abstract

Non-alcohol fatty liver disease is a large public health problem developed earlier during intrauterine life as a result
of gestational or type 2 diabetes. The disease is associated with altered liver enzymes, lipid accumulation and
hepatic steatosis due to hepatic de novo lipogenesis. Multiple factors are associated in the development of the
disease such as peroxisome proliferator-activated receptor-γ co-activator, B-cell dysfunction and abnormal
metabolism of mitochondria, lysosomes, rough endoplasmic reticulum and Golgi complex. These factors are
discussed in details. Different approaches of drug-treatment, phyto-& gene therapy are illustrated. Role of type 2 or
gestational diabetes on developmental origin of fatty liver. The interrelation-ship between type 2 diabetes and
obesity and fetus's liver. Role of cytoplasmic organelles in de novo lipogenesis, inflammation, and hepatocyte cell
death. Future direction of drug-treatment, phyto-and gene-therapy.
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Introduction
The liver is the largest body organ composed mainly of hepatocytes.

Embryologically, hepatocytes derived from the endodermal layer,
meanwhile the stromal, stellate and Kuppfer cells and blood vessels, are
from the mesoderm. The hepatocytes of the developing fetus have the
capability to change into β-cell. According to Barker et al. [1], the
developmental origins of adult disease started early in utero life.
Epigenetic reprogramming during early life altered DNA transcription
and gene expression into adulthood and contributed to disease
susceptibility. In utero 'diabetic' environment facilitated the
development of diabetes in the child. Gestational and type 2 diabetes
altered the structures and functions of lysosomes, mitochondria, Golgi
apparatus and rough endoplasmic reticulum leading to de nevo
lipogenesis and development of non-alcohol fatty liver disease
(NAFLD).

Embryological origin of liver
The liver is of vital important in metabolism, bile production,

dietary metabolism, detoxification and glucose and blood homeostasis.
Hepatocytes is the main cell components in the liver making about
70% of its content. Studies on animal models and in vitro cell culture
showed that much of hepatogenesis is occurred through a
developmental process as a result of interaction between the endoderm
and mesoderm layer [2,3].

Embryologically, the liver is endodermal origin. The development
started by the liver diverticulum outlined by hepatoblasts that appear
columnar and transformed to a pseudostratified epithelium [4]. The
liver bud is lined by a basement membrane rich in laminin, collagen

IV, nidogen, fibronectin, and heparan sulfate proteoglycan [5]. The
hepatoblasts then migrate and infiltrated the septum transversum, lose
their epithelial morphology and reduce expression of E-cadherin
following move away from the endoderm. Liver expansion depends on
continuous interactions between hepatoblasts and adjacent
mesodermal tissues [3]. The liver bud is coated peripherally by
endothelial cells facilitates hepatoblast differentiation [6]. The septum
transversum, the endothelial cells, and the hepatoblasts express
hepatocyte growth factor (HGF). Between Embryonic stage 9.5 and
12.5 days prenatal in mice, the hepatoblasts possessed genes that are
active during its maturation. The hepatoblasts are rich in rough
endoplasmic reticulum and lipid vesicles, manifesting the hepatocyte
differentiation process [7]. During liver development, the endothelial
cell is originated from FOXA2+ endodermal-derived fetal hepatoblast
which express KDR (VEGFR2/FLK-1). In vitro culture of KDR
+FOXA2+ endoderm cells giving rise to hepatoblasts are found to
generate functional endothelial cells [8].

The differentiation of hepatoblasts into hepatocytes make their
first appearance at 13-d of mouse development through expression of
albumin, cytokeratin-19 and α-fetoprotein. Overexpression of
cytokeratin-19 is remarked in hepatoblasts aligned in close contact
with the portal vein from mono-to bi-cell layer followed by regression
with the advancement growth in the perinatal life [9]. Just before the
parturition, the hepatocytes take the characteristic pattern structure of
hepatic cords with bile canaliculi [10].

During 3-8 weeks postnatal mouse development, non-dependent
sex genes are contributed in cell cycle, chromosome condensation, and
DNA replication are down regulated, while genes related to ion
transport and kinase activity are overexpressed, being markedly
increased in males more than females. There are five sex-specific
transcriptional regulators at 4 week (male-specific Ihh; female-specific
Cdx4, Cux2, Tox, and Trim24) which may responsible for the
requirement of liver sex-specificity by 8 week of age [11].
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Type 2 diabetes
Type 2 diabetes (T2DM) is a worldwide disease, with incidence

reached to 150 million people in the year 2000, and may be raised to
300 million by 2025 [12]. In Korea, it represents a major chronic
disease with increased incidence reached 8.1% or 1.4 million Korean
men and 7.5% or 1.3 million Korean women [13]. In Japanese people,
the average of incidence reached to 13.7 to 22.1 million between 1997
and 2007 [14]. Such an increase might be attributed to an energy
imbalance, feeding habit and life style accompanied with obesity.

Type 2 diabetes reflected high genetic and environmental risk
factors. There is a great evidence of transmitting the disease to
offspring from gestational diabetic mother [15], and attained increased
rates in those of diabetic mother [16]. There is a close association
between T2DM and gene-environment and gene-gene interactions and
epigenetic factors such as DNA methylations and histone
modifications are important mediating risk factors of T2DM [17].
Type 1 diabetic women needs higher demand of insulin in the first 2
trimesters compared to T2DM which needed more requirements in
insulin per trimester especially in the late pregnancy [18]. Type 2
diabetic pregnant women possessed increased four- to ninefold
increase of perinatal mortality and 6.7% of congenital abnormalities
compared to type 1 diabetic pregnancies [19].

Type2 diabetes and developmental origin of liver disease
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of

chronic liver disease in children predicted by obesity [20] and type 2
diabetes [21]. Hepatitis affects more than a third of the population in
the developmental countries [22]. The incidence of NAFLD in children
is underestimated. Anderson et al. [23] reported that obese child
showed highest prevalence of NAFLD reached to 7.6–34.2%. The
incidence of NAFLD reached to 25–50% of obese children with
lifetime consequences, including liver NASH and hepatic carcinoma
risk. Neonates born to obese/gestational diabetic mothers showed
increased average of intrahepatic fat during 2 weeks of life [24].

NAFLD possesses hepatic steatosis assessed by accumulation of
lipid within the cytoplasm of hepatocytes which progressed into
steatohepatitis associated with densely grouping inflammatory cells
leading to hepatic cirrhosis [25] (Figure 1). The development of the
disease comes from the failure of B-cells to secrete insulin and 40
associated gene variants parallel with increased calorie intake and
decreased physical activity, leading to the development of obesity [26].
Abnormal insulin secretion led to hyperglycemia, associated with
altered low density lipoprotein secretion, enhanced triglyceride
synthesis, impaired hepatic fatty acid oxidation and hepatic fatty
accumulation [27]. Also, there is a marked increase of both non-
esterified fatty acid released from the adipose tissue (lipolysis), and de
novo synthesis of fatty acids (lipogenesis) [28]. Elevated hepatocellular
lipids contents are also mediated by down-regulated adiponectin
and/or overexpression of proinflammatory cytokines. These led to
activate protein kinase C, the transcription factor nuclear factor-κB,
and c-Jun N-terminal kinase 1 which activate the progression of
hepatic steatosis, steatohepatitis and cirrhosis [29]. The incidence of
NAFLD reached approximately to 70% of type 2 diabetes mellitus as a
result of mitochondrial damage and increase of inflammatory
pathways [30]. The prevalence of NAFLD expected to increase to 50%
in the United States by 2030 [31,32].

Figure 1: Histology and transmission electron microscopy of liver. A
and B: Normal liver histology of hepatic cord and central blood
vessel (A) and cytology of hepatocyte with central located nuclei
and blood rich in rough endoplasmic reticulum and mitochondria
(B). A1-C1: Type 2 diabetic liver of rats showing non-alcohol fatty
liver disease with abundant lipid globules and early manifestation of
collagen deposition (A1) and hepatocytes with cytoplasm rich of
lipid droplets (B1& C1). Abbreviations: BS-blood sinusoids; CV,-
central vein; CD-centrilobular degeneration; HC-heptocytes; K-
Kupffer cell; LG-lipid globule; M-mitochondria; N-nucleus; NE-
nuclear envelope; RER-rough endoplasmic reticulum.

Developmental origin of NAFLD
The disease affects children with incidence reached to 4.2–9.6% and

attributed mainly to type 2 diabetes mellitus, insulin resistance and
obesity [33]. Diabetes was the most significant predictor of NAFLD
following investigating of 458 Italian patients [34,35]. The NAFLD was
reported in 42% patients with increased body mass index. The
aspartate, alanine aminotransferase, γ-glutamyl transpeptidase, uric
acid, TNF-α, insulin and HOMA-IR were significantly higher in type 2
diabetic patients with NAFLD [36]. The levels of butyrylcholinesterase
activity, γ-glutamyl transferase, cystatin C, pre-albumin and glycemic
variables were higher in the gestational diabetes mellitus patients than
in the controls [37].

According to Barker et al. [1], the “developmental origins of adult
disease” started early during in utero life. During which epigenetic
reprogramming altered DNA transcription and gene expression into
adulthood and expressed disease susceptibility. In utero life diabetic
environment encourage the risk factors in the child. Studies on rodents
give a close association for maternal transmission of diabetes,
especially type 1 DM and not of type 2 DM or of gestational diabetes
(GDM), although the glucose intolerance is closely similar in the
offspring. The mechanisms by which maternal type 2DM increased the
average of diabetes in the offspring are result from epigenetic
modification in early utero life of pathways of pancreatic β cells, liver
and muscle insulin signalling [38]. Maternal diabetes is associated with
increased liver and birth weight parallel with altered liver lipid
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metabolism causing hepatic steatosis associated with obesity and
metabolic syndrome in childhood [39].

Different views explained the in utero development of NAFLD.
First, impairing of SIRT1 signalling in human fetal hepatocytes led to
an increase in intracellular glucose and lipids levels and overexpression
of genes related to de novo lipogenesis and gluconeogenesis. Second,
there is a marked downregulation of AKT/FOXO1 pathway, leading to
depletion of gluconeogenesis. These findings pointed out that SIRT1
represents an important promoter of lipid and carbohydrate
metabolisms within the human fetal hepatocytes [40]. Also, obesity
was associated with developmental programming of offspring tissues
independent of high-caloric environment and more effective than
malnutrition. Pancreas and liver were the most highly susceptible
organs for reprogramming of the disease during perinatal life [41].

Peroxisome proliferator-activated receptor-α (PPAR-α) and
NAFLD

PPAR-α is found in liver and other active tissues such as pancreas
and promotes the genes involved in biological processes such as lipid
metabolism, energy homeostasis and inflammation. PPAR-α is
responsible for adipocyte hypertrophy and insulin resistance in high
fat diet-induced obesity [42]. PPAR-α promoted the genes encoding
enzymes responsible for the mitochondrial and peroxisomal fatty acid
β-oxidation such as acyl-CoA synthetase, carnitine palmitoyl
transferase I, and long-chain acyl-CoA dehydrogenase [43].
Experimental studies mentioned that PPAR-α is decreased by high-fat
(HF) intake and consequently altered hepatic β-oxidation
(mitochondrial and peroxisomal) and microsomal oxidation of lipids
[44].

Overexpression of PPAR-γ, co-activator 1α (PGC-1α), during in
utero life of mice is enough to induce β-cell dysfunction in adults and
consequently developed diabetes [45]. Hashimoto [46] reported that
DNA methylation of the gene promoter region is a major epigenetic
modification for gene expression, which can be affected by obesity and
environments of type 2 diabetes. In the neonatal liver, fatty acid β-
oxidation progressively increased to produce energy from the absorbed
lipids. During breast feeding, DNA demethylation and overexpression
of mRNA of fatty acid β-oxidation genes are processed in the liver.
Maternal administration of a nuclear receptor peroxisome proliferator-
activated receptor (PPAR), α synthetic ligand; Wy14643 caused DNA
demethylation of fatty acid β-oxidation-related genes in the liver of the
offspring. This developed silent epigenetic memory, the activator of the
PPAR-α gene, in the neonatal mouse liver during 10 week after birth.

Maternal obesity is contributed to hepatic fat deposition in newborn
infants during in utero life and characterized by steatosis,
mitochondrial dysfunction, oxidative stress, and inflammatory
priming [47]. Fatty accumulation in fetal liver may come directly from
the maternal lipid and represents a “first hit” of lipotoxicity during in
utero life. In experimental studies, maternal intake of high fat diet
increased neonates de novo lipogenesis and more progressed in early
adulthood due to the increased expression of hepatic transcription
factor sterol regulatory element binding protein 1c (SREBP1c) and
downstream of lipogenic targets: peroxisome proliferator-activated
receptors, fatty acid synthase, stearoyl-CoA desaturase-1, and acetyl-
CoA carboxylase [48] (Figure 2). About of 23.3% of the obese
Taiwanese children possessed NAFLD and expressed the PPARGC1A
rs8192678 risk A allele [49]. The protein PGC-1α, encoded by the
PPARGC1A gene, manages mitochondrial biogenesis and function,

oxidative stress, gluconeogenesis, and lipogenesis, which are key
factors for inducing NAFLD [50].

Figure 2: Pathophysiology of non-alcoholic fatty liver disease
(NAFLD). Two models illustrated the pathogenesis "Ist Hit" & 2nd
Hit". Different factors are involved in the development of NAFLD
are illustrated by white arrows [48].

Fetuses of mother rat fed on diet rich in 3% cholesterol possessed
lipid loaded hepatocytes coincides with vesicuolated rough
endoplasmic reticulum, abnormal electron dense mitochondria and
increased average of apoptic hepatocytes and over expression of
caspases 3 and 9 [25].

Type 2 diabetes and obesity related NAFLD
Obese offspring may come from transmission of programmed

phenotypes through the maternal lineages during in utero life.
Excessive weight gain and/or maternal obesity are the more risk
factors. This led to a sequence of obesity and diabetes in successive
generations. Early childhood obesity predicted the onset of
nonalcoholic fatty liver disease. The fetus may be susceptible to
steatosis due to missing of immature fetal adipose depots, the buffer of
transplacental lipid delivery. In non-human primates, maternal obesity
and a high fat diet [51,52] as well as diet rich in cholesterol [25] during
gestation increased the oxidative stress, apoptosis, accumulation of
liver lipid associated with necroinflammatory changes. Diabetes is
associated with altered lipid metabolism and increase cholesterol, LDL
and triglycerides which intern developed similar NAFLD parallel with
cytolysis of B cells [25,53]. The hepatocyte nuclear factor (HNF)
promotes the gene family involved in lipid, carbohydrate, and protein
metabolism. Mutation of humans HNF1A predicted the onset of
diabetes in the young, whereas murine HNF6 participates in fetal liver
B lymphopoiesis associated with altering of innate immunity [54]. In
animal models, impairing of innate immune and increased
inflammatory changes has been reported in liver of neonates
maternally fed on high-fat-diet similar to human NAFLD [52].
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According to the speculation of Ugalde-Nicalo and Schwimmer
[55], the diagnosis of non-alcoholic fatty liver disease (NAFLD) in 12
years-old raised many questions about its origin “when did this
begin?” There is increasing evidences that NAFLD makes their first
appearance at birth or even in utero. Neonatal hepatic steatosis was
reported in those of obese-related gestational diabetes [56] or diabetic
women [57]. Maternal obesity led to abnormal feto-placental
development under stress conditions of both excess nutrients and
inflammation. During first and second trimester, overload of fetal lipid
exposure, may impair the liver function and other developing organs,
leading to insulin resistance and susceptibility to fatty liver throughout
life. This led to increased hepatic steatosis as a result of de novo
lipogenesis, fatty acid oxidation and lipoprotein export [55]. Maternal
high fat diet retarded fetal expansion of hemopoietic stem progenitor
cells coincide with impairing genes regulating metabolism, immune
and inflammatory processes [58].

Environmental and genetic factors are involved in the development
and progression of NAFLD but its physiopathology is not yet clearly
detected. Obese pregnant women may carry their metabolic phenotype
to their offspring, leading to obesity and diabetes in successive
generations as well as predicts nonalcoholic fatty liver disease [52].
Many factors are involved in the development of the disease. Day [59]
proposed two hypotheses. The first involved that hyperinsulinemia and
insulin resistance, accompanying obesity, led to fat accumulation in
hepatocytes, liver steatosis and increased lipid peroxidation. Also,
there is a marked overexpression of free-fatty-acids uptake in the liver,
increased triglycerides synthesis, decrease of apolipoprotein B-100, and
increase β-oxidation of mitochondrial long-chain fatty acids. The
second hypothethesis explained by the release of reactive oxygen
species (ROS) which accelerate hepatocellular injury via decreasing the
activities of the mitochondrial respiratory chain enzymes and
glyceraldehyde-3-phosphate dehydrogenase and impairing of
membrane sodium channels. Lipid peroxidation, cytokine production,
and Fas Ligand, are contributed to hepatocellular injury and fibrosis
during the progression of NAFLD to NASH [60]. The gestational
environment transfer high metabolic nutrients to the fetus facilitated
hepatic fat accumulation illustrating in utero epigenetic changes. The
liver is a primed for postnatal fat storage and inflammation mediated
by Kupffer cells [52]. In animal models, in utero high-fat diet and/or
diabetes resulted in an increase in circulating maternal triglycerides
and fatty accumulation in hepatocytes of mothers and their offspring
leading to apoptosis and development of subsequent NAFLD [25].
Transmission of microbiota from mother to infant may represent a
new hypothesis of impact energy retention and immune function that
contribute to the development of NAFLD [52].

Role of pancreatic islets in NAFLD
Pancreatic islets are highly organized micro-organs with a

distinctive arrangement of endocrine cells. Abnormal secretions of
glucagon and insulin are contributed to type 1 and type 2 diabetes. The
islets are highly innervated by adrenergic sympathetic nerves
originating from the celiac and superior mesenteric ganglia [61]. The
sympathetic neural activity is well-known to inhibit insulin secretion
and promote glucagon release to evoke an increase in circulating
glucose during stress and exercise [62]. Non-human primates (NHP)
exposed to maternal high-fat diet (HFD) showed reduced sympathetic
innervations of the liver, causing hypothalamic inflammation which
may impair pancreatic islet cell function [63]. Genetic or
pharmacological ablation of sympathetic innervations led to altered

islet structure, reduced insulin secretion and impaired glucose
tolerance in mice [64].

Lifestyle, with increasing caloric food intake and reduced physical
activity, has resulted in progress of obesity-related type 2 diabetes
(T2D). In insulin-resistant states, β cell compensation occurred as a
result of expansion of the β cell mass may cause increase in insulin
secretion to normalize blood sugar level [65]. Increased β cell mass has
been observed in the pancreas of obese compared with lean non-
diabetic subjects [66]. In the obese, the relative (to the exocrine tissue)
B-cell volume (which averaged 2% of whole pancreatic volume) was
increased by 50% in comparison with the lean. There are different
factors involved in the regulation of obesity-driven β-cell proliferation,
including nutrients, insulin, incretins, hepatocyte growth factor, and
recently identified liver-derived secreted factors [67]. The obesity
caused proliferative expansion of β-cells parallel with increased body
weight gain and degree of insulin resistance in high-fat-diet models
[68]. Hyperinsulinemia in HF fed mice was associated with increased
both islet mass and size correlated with higher BrdU incorporation to
β-cells and increased oxygen intake [69].

The inflammatory environment in the obese adipose tissue and
pancreatic β-cell islets creates imbalance and overexpression of
inflammatory macrophage leading to insulin resistance in the adipose
tissue and pancreatic β-cell dysfunction [70,71]. There is a close
association between obesity and type 2 diabetes resulted from
decreased insulin secretion parallel with increased insulin resistance
[72]. Obesity and overweight in children may be due to the epidemic
of NAFLD [73].

Role of cytoplasmic organelles
Endoplasmic reticulum: Disturbance in endoplasmic reticulum

(ER) homeostasis has been contributed to both steatosis and the
progression to NASH [74]. The ER stress led to de novo lipogenesis,
mitochondrial dysfunction, oxidative stress, inflammation, and cell
death [75]. High fat diet, activated ER stress markers (binding of
immunoglobulin protein), C/EBP homologous protein, ER-associated
oxidoreductin 1-α, and eukaryotic translation initiation factor 2a
(eIF2a) [76]. Glycosyltransferases (GTs) are a set of enzymes catalyzing
the transfer of one or multiple sugar residues to lipids, proteins,
hormones, secondary metabolites, and oligosaccharides [77, 78] and
mediate the storage function [79]. They are synthesized and
transported from the ER to the Golgi via COPII-transport vesicles
[80]. Impairing insulin signaling pathway have been reported in obese
patients, involving complex interactions of elevated inflammatory
mediators, adipokines, and endoplasmic reticulum (ER) stress-
dependent unfolded protein response (UPR) [81]. There is a detected
change of ER stress signaling such as ATF6, GRP78, CHOP and
caspase12 in the liver tissues during early stage of steatohepatitis of
diabetic mice [82] (Figure 3).

Lysosomes: Autophagy is a phenomenon through which lysosomes
phagocytosed and degraded damaged organelles, and intracellular
pathogens and recycling of intracellular organelles to manage cellular
homeostasis under various stresses such as oxidative stress, and
endoplasmic reticulum (ER) stress [83]. In vitro exposure of
hepatocytes to excess free fatty acids led to Bax translocation (pro-
apoptic protein) to lysosomes and consequently led to release of
cathepsin B, a lysosomal cysteine protease, into the cytosol. Release of
cathepsin into the cytoplasm was also observed in humans with
NAFLD [84]. Also, exposure of mouse hepatocytes, HepG2 and
McNtcp cells to high free fatty acid resulted in mitochondrial
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depolarization, cytochrome c liberation, and increased ROS
production prior to mitochondrial damage [85]. Lipids derived from
circulating fatty acids released by insulin resistance (IR)-impaired
peripheral lipolysis. Fatty acids are taken up into the hepatocytes by
membrane-bound transporters [86]. De novo lipogenesis leads to
hepatic steatosis, steatohepatitis and hepatic fibrogenesis [28,87].
Autophagy is also involved in maintaining homeostatic balance of
energy metabolism and cellular organelle and protein turnover, and
tissue remodeling, a process controlled by small non-coding
microRNAs that promote gene expression [88]. Dysregulation of
microRNAs altered both physiological and pathological conditions
[13].

There is a causal link between lysosomal cholesterol accumulation
and inflammation [89] and development of atherosclerosis and NASH
[90] (Figure 3).

Mitochondria: Aged and damaged mitochondria are removed from
cell by autophagy process to prevent the release of pro-apoptotic
proteins from mitochondria, ROS generation, and ATP depletion [91].
Miwa et al. [92] reported that its half-life was approximately 2 days.
Hyperglycemia altered mitochondrial function through reducing
oxidative phosphorylation, and producing of ultra-structural
abnormalities [93]. Hepatocytes of NAFLD possessed mega
mitochondria, intra-mitochondrial crystalline inclusions,
mitochondrial matrix granules, foamy cytoplasm and glycogen-
containing nuclear regions, lipofuscin granules, or an increased
number of vesicles having electron-dense material in peribiliary Golgi
zone [94].

Oxidative stress and impaired antioxidant defense play a great role
in the pathogenesis of steatosis, steatohepatitis, and fibrosis. These
were carried out by impairing of mitochondrial function and increase
of free fatty acid metabolism parallel with liberation of free oxygen
species which increased myeloperoxidase activity and accumulation of
oxidized low density lipoprotein. These led to the development
hepatitis characterized by triglyceride accumulation, apoptosis,
inflammation, stellate cell activation, and fibrogenesis [95]. Liver of
obese diabetic patients revealed alterations of mitochondrial function
and methionine metabolism (the biproduct of glutathione), via the
trans-sulfuration pathway, and abnormal levels of protein and lipid
oxidative damage which may be affected the development of NAFLD
[96].

Kupffer cells also, play a great role in the development of pediatric
NASH. Ultrastructural studies revealed that the presence of numerous
hypertrophied Kupffer cells with increased phagocytic activity along
the hepatic sinusoids, which reduced or obstruct vascular lumen.
Hypertrophied Kupffer cells exhibited primary and secondary
lysosomes, altered mitochondria, and well-developed Golgi apparatus.
It is aligned close to the transformed hepatic stellate cells and
progenitor/oval cells. Fibrosis was observed in activated Kupffer
cells/MPs in the form cytoplasmic bundles of collagen fibers [97].
Although non-alcoholic steatohepatitis is benign and reversible,
inflammation may increase liver damage. Hepatic inflammation
induced abnormal accumulation of 27-Hydroxycholesterol (27HC) in
lysosomes of Kupffer cells attributed to CYP27A1, the cause of
mobilizing it to the cytoplasm [98] (Figure 3).

Golgi complex: Increased de novo lipogenesis, is detected in
NAFLD and insulin resistance. Sterol regulatory element-binding
protein 1 (SREBP1), is synthesized in an inactive form in the
endoplasmic reticulum. It is come from the endoplasmic reticulum to

the Golgi in a COPII-dependent manner, processed by proteases in the
Golgi, and then transferred to the nucleus to express lipogenic gene.
During feeding, mTOR phosphorylates CRTC2 and attenuates its

Figure 3: Diagrammatic representation the origin of non-alcohol
fatty liver disease and role of mitochondria, lysosomes, rough
endoplasmic reticulum and Golgi complex in its development; P,
pancreas; RER, rough endoplasmic reticulum; SG, secretory
granules.

Inhibitory effect on COPII-dependent SREBP1 maturation.
Overexpression of hepatic mTOR-defective CRTC2 mutant in obese
mice improved the lipogenicity and insulin sensitivity [99].
Inflammation increased lipid accumulation in hepatoblastema
(HepG2) cells and in livers of apolipoprotein E knockout mice, parallel
with an increase in low density lipoprotein receptor (LDLR) gene
transcription, overexpression of sterol regulatory element-binding
protein (SREBP) and increased translocation of the SCAP/SREBP-2
complex from endoplasmic reticulum (ER) to Golgi [100] (Figure 3).

Management of non-alcohol fatty liver disease
The mean strategy to overcome NAFLD in type 2 diabetes is to

reduce the obese weight through lifestyle modification via calorie-
restricted diet and increased physical activity [101].

Pharmacologic therapy

Metformin
It is a biguanide drug that is widely used for treating type 2 diabetes.

It inhibits hepatic gluconeogenesis and increases fatty acid oxidation.
Also, metformin acts, via activation of the liver kinase B1 (LKB1)/
AMP-activated protein kinase (AMPK) pathway, the molecular
mechanism regulating glucose and lipid metabolism. Inositol
polyphosphate multikinase (IPMK) plays a great role in cellular energy
metabolism and glucose-mediated AMP-activated protein kinase
regulation (AMPK). Overexpression of wild-type IPMK was sufficient
to restore LKB1-AMPK activation by metformin [102]. In the liver,
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AMPK reduces hepatic gluconeogenesis via the activation of the
phosphorylation of CREB-binding protein (CBP) and breakdown of
the gluconeogenic CREB-CBP-TORC2 transcriptional complex [102].
Metformin-induced phosphorylation, AMPK inactivated acetyl-CoA
carboxylase (ACC) and 3-hydroxy-3-methylglutaryl (HMG)-CoA
reductase, decreased fatty acid synthase (FAS) expression, and
activated malonyl-CoA carboxylase. All these co=operated for
depletion of fatty acid and cholesterol synthesis [103].

It is known that overexpression of adiponectin, induced by
metformin, directly stimulates AMPK and prevents hepatic lipid
accumulation by increasing β-oxidation of free fatty acids and/or by
decreasing their de novo synthesis. Experimental studies in ob/ob
mice, a model of hepatic steatosis, revealed that metformin reversed
hepatomegaly, hepatic fat accumulation, and transaminases
abnormalities, by decreasing hepatic tumor necrosis factor-α (TNF-α)
expression [104].

Although, AMPK is the main factor promoting metformin
activities, and is mediated by MAPK- and PKA-dependent
mechanisms and consequently impairing. Catecholamine-stimulated
lipolysis [82].

In mice fed on high fat diet, metformin- treatment decreased
hepatic steatosis and inflammation and increased phosphorylation of
AMP-activated protein kinase (AMPK). However, in the in vitro
systems, metformin act directly on hepatocyte and macrophage
inflammatory responses and improving adipose phenotype [104].
Weight reduction achieved by diet and exercise is effective in
prevention and treatment of NAFLD in obese diabetic subjects. The
combination of rosiglitazone to metformin in a 24-week randomized,
significantly decreased HbA1c level and improved insulin sensitivity
and HOMA ß cell function [105]. Dapagliflozin, a highly selective
inhibitor of SGLT2, showed a great efficacy, alone or in combination
with metformin, in reducing hyperglycemia in patients with type 2
diabetes [106]. Saxagliptin at doses of 2.5, 5, and 10 mg plus metformin
decreased HbA1c by 0.59%, 0.69%, and 0.58%, respectively, in
comparison to an increase in the metformin plus placebo group [107].

Exercise exhibited amelioration of diabetes and NAFLD in obese
hyperphagic OLETF rats compared to metformin alone [108].

Thiazolidinediones
Thiazolidinediones (TZDs) are anti-diabetic agents act mainly in

increasing insulin sensitivity and agonist PPAR-γ drugs. Three TZDs
have been FDA-approved for diabetes: troglitazone (Rezulin),
rosiglitazone (Avandia), and pioglitazone (Actos) [109]. Some studies
attributed hepatotoxicity to the reactive metabolites of troglitazone
[110], while others indicated that troglitazone activates the pregnane X
receptor in humans but not the rodents [111]. The TZDs improve
metabolism in patients with type 2 diabetes through activation of the γ
isoform of the peroxisome proliferator-activated receptor (PPAR-γ).
The drug altered the transcription of several genes involved in glucose
and lipid metabolism and energy balance, including those that
promote lipoprotein lipase, fatty acid transporter protein, adipocyte
fatty acid binding protein, fatty acyl-CoA synthase, malic enzyme,
glucokinase and the GLUT4 glucose transporter [112].

Thiazolidinediones are active ant diabetic agents via increasing
insulin sensitivity and consequently improve NAFLD through reduce
hepatic fatty acid accumulation [113]. Treatment 60 T2DM patients
complicated with NAFLD for 12 weeks with piglitazone and/or
metformin led to decrease of body mass index, fast blood glucose,

insulin resistance, glucose hemoglobin A1C, fasting insulin, and
triglycerides. Piglitazone is more effective than metformin in
decreasing retinol-binding protein-4 level and insulin resistance in
patients with T2DM complicated with NAFLD [114]. Cytochrome
P450 2E1 catalytic activity was increased in experimentally induced
non-alcoholic steatohepatitis and improved post-treatment with
pioglitazone [115]. Metformin-treatment in combination with
gliclazide, pioglitazone, sitagliptin, exenatide, or liraglutide drugs led
to improvements of NAFLD in diabetic patients [116].

Follow up thirty patients with NAFLD and treated with
rosiglitazone (8 mg daily for 48 weeks) revealed improvement in 13
and worsened in one; fibrosis score improved in 8 and worsened in 3
[117]. The patients received either 4 mg twice-daily of rosiglitazone, 4
mg of rosiglitazone and 500 mg of metformin twice-daily, or 4 mg of
rosiglitazone twice-daily and 50 mg of losartan once-daily for 48 weeks
showed increased amelioration in steatosis, hepatocellular
inflammation, ballooning degeneration, and fibrosis [118].

A 48 week trial of pioglitazone (30 mg daily), in 18 patients [119]
showed improved of transaminases. Six months treatment possessed
reduction of fibrosis by 61% [120]. Ratziu et al. [117] compared diet
plus pioglitazone to diet plus placebo in 55 patients and observed
significant amelioration in ALT (by 58%), hepatic fat content (by 54%)
and insulin sensitivity (by 48%) coincides with amelioration of
histologic picture.

Statins
Statins (hydroxy-methyl-glutaryl coenzyme A (HMG CoA)

reductase inhibitors) are widely used antilipidemic drugs. Two aspects
are important regarding statins treatment in NAFLD. First, its
therapeutic benefit and safe without altering liver function tests.
Second, its therapeutic potential of NAFLD in absence of dyslipidemia
taking in consideration the close association between NAFLD and
metabolic syndromes, such as obesity and insulin resistance [121].

Atorvastatin improved liver function in 44 obese adults with NASH,
including 10 patients with diabetes [122]. Pravastatin-treatment (20
mg daily for 6 months) improved hepatic inflammation. Treatment 23
hyperlipidemic patients with rosuvastatin managed transaminases and
low density lipoprotein as well as histopathological pictures [123].
From available works, statin therapy, at low-to-moderate doses,
seemed to be safe and had low liver toxicity. The improvement of
NAFLD post-statins therapy comes from decreased levels of tumor
necrosis factor-α, interleukin-6, and possibly C-reactive protein
[124,125], reduced liver free fatty acids [126], and altered adiponectin
metabolism [127]. Although there is no ideal pharmacotherapy for
NAFLD, recent therapeutic strategies have focused on the indirect
upregulation of adiponectin through the administration of statin
which ameliorate liver structure [128].

Fenofibrate
Fenofibrate is a class of drugs with chemical formula "propan-2-yl

2-{4-[(4-chlorophenyl) carbonyl] phenoxy}-2-methylpropanoate". The
drug-treatment alone or in combination with statins alleviated TG and
raising HDL-C levels [129]. The drug shows anti-inflammatory, anti-
thrombotic actions, and improving the endothelial function,
particularly in patients with metabolic syndrome (MetS) and T2DM
[130].
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Fenofibrate was found to deplete hepatic triglycerides accumulation
in high fat diet [131], reversed the development of hepatic steatosis,
necroinflammation and collagen deposition [132]. The drug activated
PPAR-α which enhanced hepatic fatty acid turnover, fatty acid
transport protein, fatty acid binding protein, carnitine
palmitoyltransferase II, as well as medium- and long-chain acyl-CoA
dehydrogenase and acyl-CoA oxidase [133].

In humans, fenofibrate is more effective in treatment of NAFLD
comparing with the others drugs. It has insulin-sensitizing action and
showed a significant amelioration in hepatic transaminases coupled
with a marked decrease of hepatocellular ballooning in humans. The
mechanism of antilipedimic action of fenofibrate, is come from
activating PPAR-α, and effectively improves the atherogenic lipid
profile associated with T2DM. This is carried out through
enhancement the expression of genes promoting hepatic FA β-
oxidation, reduction of inflammatory mediators, tumor necrosis
factor-α, intercellular cell adhesion molecule-1, vascular cell adhesion
molecule-1 and monocyte chemoattractant protein-1 [134].

Pan-PPAR activation by bezafibrate triggered beneficial effects in
offspring from obese dams derived from PPAR-α activation (increased
CPT-1 expression in the liver) [135].

Antioxidants & NAFLD
It is known that NAFLD is associated with the activation of the

immune system, aggregation of lymphocytes within sinusoidal vein
and portal tract, overexpression of inducible nitric oxide synthase
(iNOS), and infiltration of polymorphonuclear leukocytes (PMN)
[136]. The oxidative stress is the main etiological factor of the disease
[137]. Vernon et al. [138] reported hepatocyte damage and progression
of liver fibrosis by lipid peroxidation, inflammation and mitochondrial
dysfunction in NAFLD. Antioxidants actively antagonized oxidative
stress and prevent or delay the oxidation of substrates, such as lipids,
proteins, DNA, DNA mutations, and other cell damage [139]. It is
known that mitochondria is the major site of ROS such superoxide,
hydrogen peroxide, hypochlorite, hydroxyl radical, nitric oxide, and
peroxynitrite. Other cell organoids like plasma membrane systems,
endoplasmic reticulum, lysosomes, peroxisomes and cytosolic enzymes
are also involved [140]. Recent evidences mentioned that the oxidative
stress may be the mechanistic link between obesity and related
complications. Obese individuals may have a lower intake of
antioxidant- and phytochemical-rich foods, beside the inadequate
physical activity may account for a decreased antioxidant state [141].

Mitochondrial dysfunction, ER stress, and hyperglycemia seemed to
be involved in the development of NAFLD. Hepatic steatosis is
associated with the increase of carnitine palmitoyltransferase-1
(CPT1A) activity causing high fatty acid levels. The disease associated
with altered mitochondrial structure and function and liberation of
ROS [142]. Also, the by-products of lipid peroxidation generate 4-
HNE-CPT1 adducts, and inactivation CPT1 facilitated free fatty acids
accumulate. ER stress triggers apoptosis via calcium alterations, ROS
release and activation of JNK-dependent signals causing pro-apoptotic
pathways [143].

Role of phytobioactive compounds
Glycyrrhizin: Glycyrrhizin (GL) is the main bioactive component of

licorice root extract with higher anti-inflammatory, antioxidant, and
immune-modulating activities. It is composed mainly of glycyrrhetinic
acid, _-sitosterol, flavonoids, and hydroxycoumarins [144]. Eighteen

B-glycyrrhetinic acid (GA), is the biologically active metabolite of GL,
prevented FFA-induced lipid accumulation and cell apoptosis in vitro
HepG2 (human liver cell line) NAFLD models. GA stabilized
lysosomal membranes, inhibit cathepsin B expression and enzyme
activity, inhibit mitochondrial cytochrome c release, and reduce FFA-
induced oxidative stress [145].

NAFLD patients received 2 g aqueous licorice root extract per day
for 2 months liver enzymes and had increased liver echogenicity (lipid
accumulation) [146]. Intraperitoneal administration of a single dose of
glycyrrhizin ((50 mg/kg body weight) to rat previously fed on a
fructose-enriched diet (60%) for 6 weeks manage blood sugar level,
insulin, lipid and antioxidant enzymes as well as decreased the levels of
perioxosome proliferator activated receptor-γ and glucose transporter
4 [147].

Gynostemma pentaphyllum: Gynostemma pentaphyllum (GP)
(Southern Ginseng) is a dioecious, herbaceous climbing vine
distributed in Eastern Asian and given ginseng status. Gynostemma
pentaphyllum tea is used to treat type 2 diabetic patients [148] and
experimental rat [149].

It is able to protect hepatocytes from cell death, lipid accumulation,
and oxidative stress caused by diabetic-like metabolism via stimulates
the production of nitric oxide in hepatocytes which alters the
molecular composition of the mitochondrial phospholipid cardiolipin.
Also, GP- treatment markedly decrease serum AST, ALP, insulin, and
decrease the body mass index (BMI) and insulin resistance index
[150]. Ombuin is a flavonoid isolated from GP showed a decrease of
intracellular concentrations of triglyceride and cholesterol in liver
cancer cells as well as reduce the expression of some biogenic genes
through activating PPAR-α and ß/γ [151].

Quercetin: Apples, onions, teas, red wine, berries, seeds, leafy green
vegetables, hot peppers, parsley and red grapes contain rich amounts
of quercetin. These plants are rich in polyphenolic flavonoids which
exerted antioxidant and anti-inflammatory effects through its
inhibitory function of the lipoxygenase and cyclooxygenase pathways
[152].

In vitro studies of quercetin at concentrations of 0.1 and 100 μM
increased tyrosine phosphorylation and decreased the levels of the
sterol regulatory element-binding protein-1c (SREBP-1c) and fatty acid
synthase (FAS) which ameliorated insulin resistance and hepatic lipid
accumulation [153]. In vivo studies of quercetin (75 mg/kg/day vs. 300
mg/kg/day) to NAFLD rat model fed on high fat diet for 4 weeks
revealed significant decreases in the liver index, FBG and IL-18 (all, P
less than 0.01), and significant increase in IL-10 [154].

Rats fed in high fat diet and received quercetin (Q), berberine (BB)
and o-coumaric acid (CA) improved serum and hepatic dyslipidemia,
alterations in metabolic enzyme activities (lipase, glycerol-3-phosphate
dehydrogenase, and glucose-6-phosphate dehydrogenase), micro- and
macrovesicular hepatic steatosis and the down regulation of
peroxisome proliferator-activated receptor γ (PPAR-γ) [155].

Five-week-old ob/ob mice fed on a diet containing 0.08% quercetin
exhibited improvement of dyslipidemia, insulin homeostasis, liver
enzymes, and decreased tumor necrosis factor and overexpression
adiponectin which protect against NAFLD [156]. Quercetin-treatment
has a great advantage of reducing AKT phosphorylation, and
oxidative/nitrosative stress, inflammation and lipid metabolism-related
genes which displayed affinity to normalize in both in vivo and in vitro
models [157].
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Other phytochemical plants such as Morus alba leaves extracts
[158], black rice extract [159], barley beta-glucan [160] , pomegranate
juice and peel [161,162], nuts rich in omega-3 fatty acids [163],
resveratrol [164,165], green tea polyphenol Epigallocatechin-3-gallate
[166], Fenugreek, Nigella, and termis seeds [167], Artemisia scoparia
extract [168] and onion [169].

Astaxanthin: Carotenoids are vitamin A derivates like β-carotene,
astaxanthin, lycopene and retinol, which are of antioxidant power.
Carotenoids is obtained from natural sources such as orange-coloured
fruits and vegetables like carrots, apricots, mangoes, squash, spinach,
kale, collard greens, guava, and grapefruit. Astaxanthin (3, 3′-
dihydroxy-ß-carotene-4, 4′-dione) is a keto-carotenoid, belongs to
terpenes from the same family as lycopene, lutein, and β-carotene,
synthesized de novo by some microalgae, plants, yeast and bacteria
such as Haematococcus pluvialis [170,171]. It is derived from B-
carotene by 3-hydroxilation and 4-ketolation by B-carotene
hydroxylase and B-carotene ketolase, respectively [172]. The
antioxidant activity astaxanthin is 65 times than vitamin C, 54 times
stronger than β-carotene, 10 times more potent than β-carotene,
canthaxantin, zeaxanthin, and lutein; and 100- to 500-fold greater than
α-tocopherol [173-176].

Astaxanthin showed a proper antilipedimemic activity via
decreasing low density lipoprotein (LDL) – cholesterol the marker of
cardiovascular disease in patients [177,178] as well as in obese mice fed
a HFD [179]. Obese mice fed on high fat diet and received
astaxanthin-treatment alleviated the increase of plasma alanine
transaminases (ALT) and aspartate transaminases (AST). The
endogenous antioxidant mechanism assessed by overexpression of
hepatic mRNA of nuclear factor erythroid 2-related factor 2 and its
downstream genes was reported post- astaxanthin-treatment [180].

Astaxanthin-treated mice previously fed on a high-cholesterol and
high-fat diet showed improved excessive hepatic lipid accumulation
and peroxidation coincides with altered macrophages/Kupffer cells
and a depletion in CD4 (+) and CD8 (+) T cell overexpression in the
liver, which alleviated insulin resistance and hepatic inflammation.
This led to improve hepatic steatosis and ameliorated the progression
of NASH in biopsy-proven human subjects [181].

Astaxanthin treatment impaired triglyceride accumulation and liver
steatosis by inhibiting PPAR-γ present in transcription factor YY1
induced zebrafish liver steatosis [182] hypercholesterolemic diet fed
Guinea pigs fed on high fat diet containing cholesterol showed hepatic
free cholesterol, hepatic MDA and TNF-α which were decreased in the
lutein supplemented group , the promising of NAFLD [183].Also,
astaxanthin improved NAFLD via managing macrophage polarization
and liver homeostasis [184].

In vitro studies in LX-2 cells (haematopoietic stem cells),
astaxanthin-treatment reduced liberation of reactive oxygen species as
well as decreased tumor growth factor β1- which activate
overexpression of α-smooth muscle actin (α-SMA) and procollagen
type 1, alpha 1 (Col1A1) mRNA and α-SMA protein levels, the
markers of liver fibrosis [180].

Gene therapy
NAFLD is a complex disease that occurs when environmental

factors act upon a susceptible polygenic background composed of
multiple independent modifiers. The detection of PNPLA3 as a
modifier of disease outcome during development of NAFLD from
steatosis to fibrosis and hepatocellular carcinoma; and the discovery of

TM6SF2 as a "master regulator" of metabolic syndrome development,
determining not only risk of liver disease, but also cardiovascular
disease outcomes [185].

Genetic modifiers of NAFLD have been identified via genome-wide
association studies. These include the Patatin-like phosholipase
domain-containing 3 (PNPLA3) gene variant I148M as a predictor of
inter-individual and ethnicity-related differences in hepatic fat content
independent of insulin resistance and serum lipid concentration. The
I148M polymorphism is also a strong modifier of NAFLD. Also, there
is a role for genetic variants implicated in insulin signalling, oxidative
stress, and fibrogenesis of NAFLD are key operative mechanisms
closely involved in the progression of liver damage. It is now important
to clarify the molecular mechanisms underlying these associations
between gene variants and progressive liver disease, and to evaluate
their impact on the response to explore novel therapeutic targets and
could guide physicians towards improves clinical outcome [186].

Gene therapy represents the recent topic of treating this disease.
Long-term hepatic SIRT1 overexpression led to up regulation of key
hepatic genes participated in β-oxidation, impaired high carbohydrate
diet-involved in lipid accumulation and decreased liver inflammation.
AAV8-Sirt1–treated mice improved insulin sensitivity, increased
oxidative capacity in skeletal muscle and reduced white adipose tissue
inflammation [187].

Adiponectin-encoding gene (ADIPOQ) detected on chromosome
3q27, computing adiponectin protein which is an adipocyte-derived
hormone with anti-atherogenic, anti-diabetic and anti-inflammatory
properties via attenuates insulin resistance by increasing its sensitivity.
Adiponectin rs266729 (−11377C/G) polymorphism might be a
candidate gene, which marked the prediction of NAFLD [188]. A study
in Indian patients showed an association of two functional
polymorphisms, rs266729 and rs2241766 (+45 T/G) of ADIPOQ with
NAFLD, the presence of G allele at position −11377 correlated with
necro-inflammatory grade and at position +45 resulted in reduced
plasma adiponectin levels in patients clarifying the role of these
polymorphisms in development of NAFLD [189].

Leptin receptor gene (LEPR) is encoded on the chromosome 1p31
and promotes the work of leptin. The polymorphism of LEPR 3057G >
A (rs1805096) may responsible to the onset of NAFLD by regulating
lipid metabolism and altering insulin sensitivity [190]. LEPR
rs1137100 is associated with increased risk of NAFLD and NASH
[191].

RNA interference has recently observed as an innovative tool for
gene silencing that degrades mRNAs complementary to the antisense
strands of double-stranded, short interfering RNAs (siRNAs). It has a
great therapeutic potential over small-molecule drugs due to targeting
all genes and allows selective silencing of one or several genes [192].

Peroxisome proliferator-activated receptors are classified into three
types, each of which encoded by a different gene: PPAR (NR1C1),
PPAR (NR1C3), and PPAR (NP1C2). Carriers of the PPAR-γ Ala allele
possessed increased resistance to the development and progression of
NAFLD by antagonizing oxidative stress [193]. A Meta-analysis
reported a protective role for the Ala allele of the PPAR-γ Pro12Ala
(rs1801282) polymorphism in NAFLD [51], and rs1801282
polymorphism is associated with susceptibility to NAFLD in East
Asians, but not in European populations [194]. Rats fed on high fat
diet containing 1% cholesterol and supplemented açai pulp (2  g/day)
for 6 weeks exhibited overexpression of serum paraoxonase isoform1
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activity which was parallel with a reduction in hepatic steatosis and
hepatic injury [195].

PLA2G6 or GVIA calcium-independent PLA2 (iPLA2β) is one of
the NAFLD modifier genes in humans, important for targeting
NAFLD therapy. It is responsible for phospholipid metabolism and
remodeling. iPLA2β might regulate obesity and hepatic steatosis in
leptin-deficient mice by cross-breeding PKO with ob/ob mice to
generate ob/ob-PKO mice. This leads to significant reduction in serum
enzymes, lipids, glucose, insulin, improved glucose tolerance, and
reduction in islet hyperplasia [196].

Recently, fibroblast growth factor 1 (FGF1) was observed as a target
of nuclear receptor PPAR-γ as a critical factor in adipose remodeling.
Administration of recombinant FGF1 ameliorated hepatic
inflammation and damage in leptin-deficient ob/ob mice and in
choline-deficient mice [197].

There is a close relationship between type 2 diabetes and gene
polymorphism of NAFLD. Non-obese NAFLD patients had a higher
rs738409 GG genotype than obese NAFLD. Higher incidence of
NAFLD was detected in T2DM and rs738409 GG genotype for non-
obese than in obese groups. Lobular inflammation, hepatocyte
ballooning and NAFLD activity score were observed in non-obese
NAFLD, rs738409 GG genotype. In obese NAFLD, BMI and T2DM
but not rs738409 GG genotype were characterized by massive
histopathological alterations [197].

Conclusion
The liver is composed of endodermal hepatocytes and mesodermal

stromal cells, stellate cells, kuppfer cells and endothelial cells. During
in utero life, the hepatocytes have the capability to change into β-cell.
Gestational diabetes induced epigenetic reprogramming and altering
gene expression into adulthood causing diabetes. Also, the disease
altered the structures and function of cytoplasmic organelles mainly
lysosomes, mitochondria, Golgi apparatus and rough endoplasmic
reticulum leading to de nevo lipogenesis and development in non-
alcohol fatty liver disease. Nonalcoholic fatty liver disease (NAFLD) is
a chronic liver disease characterized by excess accumulation of lipids
including triglycerides and cholesterol prevailed among patients with
type 2 diabetes. There are many views of disease development such as

Obesity, inhibition of SIRT1 signaling in human fetal hepatocytes
led to de novo lipogenesis and gluconeogenesis, intra-uterine obesity
and malnutrition, overexpression of peroxisome proliferator-activated
receptor-γ co-activator (PGC-1α) altering the regulation of cellular
energy metabolism via stimulating mitochondrial biogenesis. The roles
of cytoplasmic organelles are illustrated. Beside different approaches of
drug therapy, recently different approaches are recommended for
treating the non-alcoholic fatty liver such as phytochemical extracts of
some plants such as glycyrrhizin, Gynostemma pentaphyllum,
astaxanthin,….etc. Also, inhibition of autophagy process and
development of α-SMA, TGF-β1, TNF-α and MCP-1 in liver tissue as
well as promoting mitochondrial function represent new tools. Gene
involved in inducing NAFLD as well as gene therapy are discussed.
Finally, exercise possessed greater improvements of diabetes and
NAFLD in obese individuals.
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