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Abstract

Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic liver
conditions worldwide, and its incidence is still rapidly increasing. Nonetheless, there are
still few effective treatments available for this liver condition. It has been established
that NAFLD and mitochondrial dysfunction are closely related. Reactive oxygen species
(ROS) are produced when mitochondrial damage occurs, and oxidative stress can
exacerbate hepatic lipid buildup, inflammation, and fibrosis—all of which are factors in
development and pathophysiology of nonalcoholic fatty liver disease (NAFLD).
Consequently, pharmaceutical treatments that specifically target mitochondria may
offer a viable means of intervening in NAFLD. Natural compounds that target
mitochondria have been the subject of much research recently, and their
pharmacological action appears promising. By summarizing the latest research on the
therapeutic effects of compounds derived from natural products that target
mitochondria and fight the disease, this chapter aimed to provide new therapeutic
lead compounds and a point of reference for the innovative drug development and

clinical treatment of nonalcoholic fatty liver disease (NAFLD).
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1. Overview of NAFLD

Alcohol misuse or other secondary causes of chronic liver disease are not present in
the case of non-alcoholic fatty liver disease (NAFLD), a disorder characterized by
the accumulation of excess fat in the liver (hepatic steatosis) [1]. Non-alcoholic
steatohepatitis (NASH), hepatic fibrosis, cirrhosis, liver fibrosis, and hepatocellular
cancer are among the many liver diseases that fall under the umbrella of NAFLD [2].
NAFLD has two histological subtypes: nonalcoholic steatohepatitis (NASH) and
nonalcoholic fatty liver (NAFL). NAFLD is defined as 25% HS without hepatocyte
ballooning, an indicator of hepatocellular injury. According to Chalasani et al. [3],
NASH is defined by hepatocyte injury (ballooning) and inflammation with or without
fibrosis (25% HS) [3]. According to Dharmalingam and Yamasandhi [4], NAFLD is
linked with obesity and type 2 diabetes. Over 90% of those who are severely obese
and up to 70% of overweight people have the condition. Lean subjects may also
experience NAFL and NASH [5, 6]. When compared to non-Asians, Asians typically
have higher degrees of ballooning and greater lobular inflammation than other
ethnic groups [7]. Lower body mass can lead to fat buildup in the Asian population.
Although the exact causes are unknown, NAFL and NASH are greater in Hispanics,
infermediate in Whites, and lowest in Black individuals. The prevalence of NAFLD in
kids and early teens is likewise rising. There isn't a single pharmaceutical therapy
available fto freat NAFLD. The lack of reliable non-invasive biomarkers and the
complexity of the disease's pathogenic pathways may be the cause of NAFLD's

multifactorial nature [8].

Furthermore, family investigations showed that NASH is definitely heritable. Overall,
there is strong evidence that, relying on the ethnic origin, research protocol, and
assessment fechniques, between 20 and 70% of the variability in steatosis, as
measured by either biochemical indices or noninvasive assessment, is familial [9].
Consequently, only a small percentage of NAFLD participants ever advance from

steatosis to severe steatohepatitis, fibrosis, and hepato-carcinogenesis, which may
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be largely explained by genetic predisposition. The comprehensive explanation has

been carefully examined and condensed into a (Figure 1) [10].

Nutraceutical actions on the four stages of NAFLD
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Figure 1: The elaboration of NAFLD (Adapted from Rizzo et al. [11])

2. Pathogenesis

It is unclear how exactly NASH develops because it is a complicated process.
Animal research on the pathogenesis of NAFLD and NASH has been conducted
extensively in the past several years. The main variations amongst the dietary
models under investigation include high-fat, high-fructose, and methionine/choline
deficient diets (MCD). Insulin resistance is made worse by the hepatic fat buildup

that initiates this process [12]. This process's second phase entails cellular and
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molecular alterations related to oxidative stress and the liver's fatty acid oxidation.
This process is influenced by a number of variables, including cytokine damage,
high insulin levels, hepatic iron and/or lipid peroxidation, extracellular matrix
change, energy homeostasis, and altered immune system function [13].
Remarkably, it is thought that OS is caused by an excess of reactive oxygen species
(ROS), which are created by Cytochrome P450 2E1(CYP2E1) in mitochondria and
microcosms. A substanfial amount of data indicates that mitochondrial malfunction
results in aberrant CYP2E1 activation, which generates ROS and free radicals to

cause inflammation and cause a variety of liver cell damage and death [12].

3. Lipid accumulation and toxicity

The liver is crucial to the body's lipid (fat) metabolism, which turns extra glucose into
fat for storage and breaks down fat for energy. This process helps the body
maintain homeostasis. Less than 5% of healthy liver cells should be fat [1]. Lipids are
the reserve of extra energy when energy intake exceeds energy use. Increased
circulating levels of FFA and TGs, as well as TGs deposited in adipose tissue, all
conftribute to peripheral IR in a disordered state. In obese individuals, compensatory
hyperinsulinemia and prolonged hyperglycemia accelerate the development of
T2D and fatty liver [14].

Significant increases in plasma FFA excess brought on by IR because mitochondrial
damage in hepatocytes, which produces a lot of ROS and triggers inflammatory
reactions, oxidative stress, and ER stress. Excessive triglyceride (TG) synthesis in

hepatocytes is the reason of hepatic steatosis in NAFLD patients (Figure 2) [15].

Insulin may boost the body's synthesis of fat. In if, two transcription factors are
crucial. The proteins carbohydrate response element binding protein (ChREBP) and
sterol regulatory element binding protein 1 (SREBP-1). The former is thought to be the
primary modulator of the production of fatty acids. One of the primary isoforms of
SREBP-1, known as sterol regulatory element-binding protein 1c (SREBP1c), blocks

the P-oxidation of FFA via nuclear receptor peroxisome proliferator-activated
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receptor alpha (PPAR-a), but boosts the fatty tissue formation of glucose and free fatty

acids circulation to the liver by means of peripheral resistance to insulin [16].
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Figure 2: Lipotoxicity producing Inflammatory reactions and hepatic fibrosis
(Adapted from Guo et al. [15])

4. Mitochondrial dysfunction and oxidative siress

When it comes to the quantity and density of mitochondria, the liver is among the
richest organs. Damaged mitochondria accumulate in the majority of chronic liver
disorders. The mitochondria in the liver are different from those in other organs
because they serve as the center for the metabolism of proteins, lipids, and
carbohydrates in the liver and are crucial for the survival of hepatocytes by acting
as mediators of necrosis and apoptosis [17]. Numerous physiological processes,

including the creation of adenosine triphosphate (ATP), the fabrication of free
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radicals, the oxidation of fatty acids, calcium homeostasis, and cell survival and

death, are regulated by mitochondria [18].

ROS overproduction, oxidative stress, and respiratory chain decrease are the
primary markers of mitochondrial malfunction. The development of NAFLD is
intimately linked to these outcomes in terms of lipid buildup, inflammation, and
hepatic cell death. Accordingly, NAFLD is seen as a particular kind of mitochondrial

disease [19].

Notably, OS has a role in general progression of non-alcoholic fatty liver disease
(NAFLD). OS causes by plenty of reactive oxygen species (ROS), which are formed
in mitochondria by cytochrome P450 2E1 (CYP2E1), as shown in Figure 3 [12].
Several investigations have demonstrated that abnormal CYP2E1 activation
brought on by mitochondrial malfunction promotes OS and lipid peroxidation (LPO)
via generating free radicals and ROS. According to a number of studies, CYP2E]
may confribute to the excessive buildup of fat and exacerbate OS, which can
cause inflammation, damage to liver cells, and even mortality [12]. According to
Jian et al. [20], this effect is linked to the persistent activation of C-jun N-terminal
kinase (JNK) signaling cascades, which advanced hepatocellular damage and
micro-vesicular steatosis. It is evident that treating NAFLD requires the development
of drugs that block CYP2ET upregulation [12, 20].

There exist multiple potential mechanisms linking mitochondrial ROS and insulin
resistance. Mitochondrial ROS first phosphorylate the IRS protein and decrease the
activity of serine/threonine phosphatase, which in turn blocks the insulin signaling
pathway [21]. Moreover, via raising serine phosphorylation of IRS-1, lowering insulin-
stimulated tyrosine phosphorylation of IRS-1, and activating c-jun NH2-terminal
kinases (JNK) and apoptotic signal-regulating kinase 1 (ASK1), mitochondrial ROS
lead to insulin resistance. But those pathways are just now being supported by the
limited experimental data that is now available, and extended research is sfill

required to fully comprehend the precise mechanism of mitochondrial ROS-
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induced insulin resistance [18]. Long-term oxidative stress not only leads to
mitochondrial dysfunction but also activates signaling pathways related to
inflammation, such as JNK and NF-kB. This can result in the release of inflammatory
cytokines from cells, infiltration of inflammatory cells, or even death of parenchymal
hepatic cells [6]. For example, elevated TNF-a can cause mitochondrial lipid
peroxidation, activate the membrane permeability fransition, and release
cytochrome C, which leads to hepatocyte necrosis or apoptosis, which is labeled

as a major step in the manifestation of NASH (Figure 4) [19].

Numerous hits contribute to the onset of NAFLD/NASH and its development into
hepatocellular carcinoma HCC. Numerous signaling pathways linked to metabolic
stress, such as free fatty acids, ER-stress, cytokine production (IL-6, IL-17, IL-11, and
TGF-B), altered immune response, pro-fibrogenic mediators (hedgehog and NF-kB),
gut dysbiosis, and endocrine abnormalities, are responsible for the development of
NAFLD/NASH-associated HCC [22].
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Figure 3: Upreqgulation of CYP 2E1 promotes the development of NAFLD (Adapted

from Wang et al. [12])
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Figure 4: Multiple strikes cause NAFLD/NASH to begin and progress toward HCC
(Adapted from Xu et al., [19])

5. Phytochemicals that target the mitochondrial dysfunction in NAFLD

Plants create bioactive molecules known as phytochemicals to defend themselves.
More than a thousand phytochemicals have been found to date, and they can be
obtained from a variety of foods, including whole grains, fruits, vegetables, nuts,
and herbs [23]. Phytochemicals are quite interesting and have a lot of antioxidant

potential because of their beneficial effects on human health and the significant

health benefits they provide for customers. According to epidemiological study and
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animal studies, eating fruits, vegetables, and whole-grain foods on a regular basis
may reduce the risk of several diseases that are associated with oxidative damage
[24]. A growing body of research indicates that natural products may enhance
mitochondrial function and ameliorate related metabolic disorders, such as
diabetes, fatty liver disease (NAFLD), and consequences from diabetes. Natural
medicine is becoming a supplemental option for the prevention and treatment of
NAFLD because of its low toxicity and adverse effects. According to estimates,
natural substances or their derivatives make up 40% of FDA-approved therapies
[19]. Natural products with strong anti-inflammatory and antfioxidant properties
include terpenoids like tripterine and triptolide, phenolic compound curcumin, and
terpenoid berberine. These properties may find use in the treatment of liver diseases

associated with mitochondrial dysfunction (Figure 5) [25].

Aramchol (Arachidyl-amido cholanoic) did not enhance insulin sensitivity, hepatic
enzymes, or glucose metabolism, but it did show promise in treating hepatic
steatosis in humans. By lowering stearoyl coenzyme-A desaturase 1 (SCD1) and
increasing fluxes that preserve cellular redox equilibrium via the transsulfur route,
aramchol improves fibrosis and steatohepatitis in animal models. In several tissues,
including the liver, mice lacking SCD1 exhibit decreased lipid production, elevated
mitochondrial FA B-oxidation, and insulin sensitivity. Thus, in a number of
nonalcoholic fatty liver mouse models, including high carbohydrate and HFD
animals, SCD1 deficiency has been linked to the prevention of hepatic steatosis
[14].

5.1. Phenolics

According to Saha et al. [26], phenolic compounds are recognized for their various
chemical structures, shared antfioxidant properties, and particular anti-inflammatory
properties. While ftriglyceride buildup in the liver was found to be somewhat
reduced by all polyphenols or polyphenol-rich extracts, each studied chemical may
have a unique molecular target [2]. Two types of polyphenols are distinguished by

their chemical structures: flavonoids, which include flavones, flavanols, flavonols,
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isoflavones, proanthocyanidins, and anthocyanins; and non-flavonoids, which
include hydroxytyrosol and stilbene phenolic acids, which include resveratrol [27].
The regulation of lipidogenesis, insulin resistance modulation, oxidative stress

modification, and inflammation management were among the mechanisms of

action [2].
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Figure 5: Natural products ameliorate NAFLD by requlating mitochondrial

dysfunction (Adapted from Xu et al., [19])

Figure 6 illustrates the various mechanisms by which polyphenols may protect

hepatocytes linked to non-alcoholic fatty liver disease (NAFLD) from cellular
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damage. These mechanisms include: (a) lowering de novo lipogenesis by down-
regulating sterol regulatory element-binding protein 1c (SREBP-1¢); (b) raising p-fatty
acid (FA) oxidation by up-regulating PPARa; (c) enhancing insulin sensitivity; (d)
lowering oxidative stress by raising antioxidant levels via nuclear factor-erythroid 2-
related factor 2 (Nrf2); and (e) attenuating the inflammatory pathways. The down-
regulation of SREBP-1c and the up-regulation of PPARa are likely influenced by the
activation of AMPK through phosphorylation [28, 29].

Polyphenols

Insulin
Resistance

Inflammation p l WAT
4 ? . ’ 5 ‘?. \ [
B A i Polyphenols

Figure 6: Possible mechanism of polyphenols effect on NAFLD (Adapted from

Bayram et al., [28])

5.2. Alkaloids

Alkaloids are nitfrogenous organic compounds with an alkaline polarity that are
commonly found in natural plants. According to Cheng et al. [30], the majority of

alkaloids show notable actions in lipid metabolism and have complicated cyclic

Scientific Knowledge Publisher (SciKnowPub), USA



% Pharmacology and Therapeutics - Innovative and Applied Concepts
I,\:v—’-i..\‘[’ub]lshur

structures. Alkaloids are nitrogen oxides with a bitter taste that are often colorless
and present in plants, particularly in seeds [30]. The broad array of pharmacological
properties that alkaloids possess, such as their anti-inflammatory, analgesic, anti-
tumor, antioxidant, and antibacterial properties, make them advantageous
instruments for drug creation. Alkaloids primarily alleviate NAFLD by preventing
hepatic steatosis and having anfi-inflammatory and antioxidant properties [16].
Figure 7 presents the mechanism of action of various bioactive phyto-constituents
against NAFLD [31].
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Figure 7: Mechanism of action of various bioactive phyto-constituents against
NAFLD (Adapted from Pervej Alom Barbhuiya et al. [31])
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5.3. Flavonoids

Polyphenolic chemicals called flavonoids are widely distributed in the natural world.
They are often bound to sugars (glycosides) and are secondary metabolites in
plants. Another form of flavonoids is aglycones, which lack a sugar group. Three
rnngs make up the majority of flavonoids: one heterocyclic ring (C) and two
aromatic rings (A and B). Subclasses of flavonoids are distinguished by differences in
the C ring. Flavones, isoflavones, flavanols, flavanones, anthocyanidins, and

chalcones are main subclasses (Figure 8) [32].
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Figure 8: Flavonoids target the possible pathways in NAFLD (Adapted from Li et al.

[32])
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When it comes to treating NAFLD, flavonoids demonstrate the benefits of these bio-
actives. These actions can be further classified as anti-inflammatory, antioxidant, or

metabolic [33].

Figure 8 indicates that flavonoids function as both an antioxidant and an anti-
inflammatory through a variety of pathways. Flavonoids have the ability to prevent
the manufacturing of reactive oxygen species (ROS) and other active molecules, as
well as shield antioxidant enzymes such as glutathione peroxidase (GPx) and inhibit
enzymes that make ROS, such as xanthine oxidase. Furthermore, they are able to
interact with the majority of antioxidant enzymes through Nrf2, the nuclear factor
erythroid 2-related factor 2. By binding to antioxidant response elements (ARE),
flavonoids enhance the franscription of ARE-driven genes, phosphorylate Nrf2, and
cause Nrf2 to translocate into the nucleus, therefore mitigating oxidative stress-
mediated damage. Furthermore, flavonoids have the power to chelate iron and
other transition metals that stimulate the synthesis of free radicals, scavenging the
free radicals produced by the Fenton reaction. Superoxide dismutase is sometimes
referred to as catalase, KEAP1 (Kelch-like ECH-associated protein), L-glutathione,
and GSH. Important inflammatory molecules from flavonoids in models of
nonalcoholic fatty liver disease have been thoroughly studied, including NF-kB,
NLRP3, iINOS, and COX-2. Flavonoids decrease the IKK complex and IkBa
phosphorylation by reducing pro-inflammatory signals. This prevents the nuclear
translocation of the NF-kB pé5 subunit and the synthesis of inflammation producing
genes. Flavonoids have the capacity to directly remove the expression or function
of NLRP3, iNOS, and COX-2 in addition to their influence on the NF-kB-mediated

regulation of these molecules' synthesis via several methods [32].

5.4. Terpenoids

Terpenoids are a family of naturally occurring active substances that may be used
to treat a variety of illnesses because of their broad range of pharmacological
activity and therapeutic advantages. Forty Three (43) terpenoids in total were

identified as being used to freat NAFLD. Mulliterpenoids, sesquiterpenoids,
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diterpenoids, triterpenoids, and tetraterpenoids are the five categories of naturally
occurring terpenoid compounds that were categorized based on structural
similarities. By reducing insulin resistance, oxidative stress, inflammation, and
problems with lipid metabolism, terpenoids have been shown to be beneficial in the
treatment of non-alcoholic fatty liver disease (NAFLD). PPARs, Nrf-2, SIRT-1, and
AMPK pathways are the main targets of terpenoid treatment. Terpenoids are a
promising class of pharmaceuticals that may open up new avenues for NAFLD

tfreatment [25].

Paeonia lactiflora Pall. contains a monoterpene glucoside called paeoniflorin,
which has a range of pharmacological activity such as hepatoprotection,
antioxidant, hypolipidemic, and hypoglycemic effects. Recent studies have shown
that paeoniflorin, by increasing insulin signaling, promoting fatty acid oxidation, and
inhibiting the liver's lipid synthesis, can ameliorate steatohepatitis caused by a high-
fat diet. Pepidedoflorin significantly improved insulin sensitivity and serum lipid
profiles, alleviated hepatic steatosis, and decreased blood insulin and glucagon
levels in rats fed fructose. Moreover, paeoniflorin boosted the phosphorylation of
AMP-activated protein kinase (AMPK) and protein kinase B (PKB/AKT) while
decreasing the phosphorylation of acetyl coenzyme A carboxylase (ACC)1 in the
liver. Furthermore, papeiniflorin enhanced the mRNA expression of hepatic carnitine
palmitoyltransferase (CPT)-1 and protein expression, while decreasing the mRNA
expression of fatty acid synthetase (FAS), stearyl coenzyme A decarboxylase (SCD)-
1, and sterol regulatory element-binding protein (SREBP)1c. Insulin resistance and
hepatic steatosis were improved as a result of the suppression of lipogenesis and

the stimulation of B-oxidation and glycogenesis [34].

A naturally occurring pentacyclic triterpenoid carboxylic acid, ursolic acid (UA) is
found in a wide range of herbs and plants. To prevent hepatic lipid buildup,
dyslipidemia, and insulin resistance, UA may both promote lipid B-oxidation and

reduce endoplasmic reticulum (ER) stress. A well-known member of the short

leucine-rich proteoglycan (SLRP) family, DCN offers several therapeutic benefits,
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such as the capacity to lessen tumor growth, fibrogenesis, and inflammation. An
important component of both the extracellular and intracellular matrix is DCN. By
modifying a number of signaling pathways, including TGF-B, insulin-like growth
factor | receptor (IGF-IR), and hypoxia inducible factor 1 (HIF-1), it contributes to a
number of cellular functions. Recent experimental research has shown a direct
correlation between low glucose tolerance in obese mice and a lack of DCN,
indicating a significant involvement in metabolic dysfunction. Additionally, DCN
may be regulated by UA to treat NASH via the IGF-IR and HIF-1 signaling pathways,

which would be beneficial for application and widespread adoption [35].

5.5. Other compounds

Glucosidates are secondary metabolites that include sulfur and are generated from
cruciferous vegetables. Their strong antioxidant properties indicate that they may
have anti-NAFLD properties. The glucosinolate present in  broccoli, called
glucoraphanin, is the precursor to sulforaphane. After 14 weeks of a 0.3%
glucoraphanin supplementation, HFD-fed mice showed reduced hepatic steatosis
and increased insulin sensitivity and glucose tolerance thanks to the activation of
Nrf2. In addition, daily administration of ten mg per kg sulforaphane for eight weeks
can lower insulin resistance in hyperlipidemic rats via inhibiting JNK and activating

the FGF21 signaling pathway [36].

Allyl-isothiocyanate (100 mg/kg/d for eight weeks) has the potential to significantly
reduce the inflammatory response and the build-up of liver lipids in mice fed a HFD.
Additionally, treatment with 20umol/L for 24 hours decreased PA-induced lipid
accumulation and inflammation in AML-12 cells by suppressing the Sirt1/AMPK and
NF-kB signaling pathways. There is a lot of promise for treating and preventing
metabolic diseases, even though the exact process is yet unknown. We believe that

mitochondrial function may be crucial in this regard [34].

The List of phytochemicals used to treat NAFLD, their sources, functions and possible

mechanisms are presented in Table 1.
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Table 1: Phytochemicals used to freat NAFLD

Classification | Natural product Function Mechanism/target References
Polyphenols Resveratrol RSV reduction of ROS | eNOS/NO/cGMP pathway, [28]
(Non- and inflammation, | Akt/Nrf2, JNK pathway
flavonoids) and enhancement
of mitochondrial
biogenesis
Promoting B- | FAS, p-AMPK, CPTla, Sirtl, [19]
oxidation and | PPARYy, SREBP-1c
mitotic dynamics
Mitochondrial Ucp2 [37]
elevation
Punicalagin (PU) decrease in ROS | Nrf2/HO-1/NQOIT pathway, [38]
and rise in  ATP | PGC-1a
generation
Promotion of | Nrf2, PGC-1q, FAS, ACCI1 [38]
mitochondrial
biogenesis and
recovery of MMP
Procyanidins Suppress IL-1B, NLRP3, Caspase-1 H202, [18]
Inflammation and | MDA, SOD, CAT, GSH and ROS
oxidative stress
Promotion of | PGC-1a, NRF1, TFAM, Mfnl, [19]
mitochondrial Mfn2
biogenesis
Helenalin (HCM) MMP restoration | Nrf2 pathway, NQOI1, HO-I, [32]
and ROS decrease | NF-Kb
Gastrodin inhibits liver | AMPKa, Nrf2 pathway [4]
steatosis
Caffeic acid Anfi-inflammatory FAS, AMPK pathway, SREBPIT, [4]
Reduces lipid | FAS, GPAT, HMGCR
accumulation and
production
Flavonoids Luteolin Reduce pro-inflammatory pathways of [39]
(Flavonol) inflammation and | IL-1 and IL-18, activation of LXR-
lipid accumulation | SREBP-1¢
Naringenin reduce NF-kB pathway, AMPK [40]
(Flavonones) inflammation activation, PGC-1a, TNF alpha
mitochondrial
biogenesis
Silibinin Anti-inflammatory SERBP-1c, [32]
(Flavonolignans) reduce hepatic fat | NF-kB and TLR inhibition, AKT
pathway
Qucertin Anfi-lipogenic, anti- | Suppress SERBP, Acyl CoA [16]
(Flavonol) inflammatory carboxylase, NF-kB
Rutin Inhibit lipogenesis, | inhibits CD36 and SREBP-Ic [32, 41]
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(Flavonol) anfi-oxidant while activating PPAR-a
Kaempferol Anti-oxidant, inhibit | SREBP1, FAS, [16, 42]
lipogenesis, anti- | SOD-1
inflammatory
Genistein Anfioxidant, SREBP-1c, FAS, NF-kB, and JNK [32]
(Iso-flavonoids) anfi-inflammatory, | are  inhibited; PPARa s
anti-fibrotic activated
Vitexin lipid metabolism | inhibiting TLR4/NF-kB signaling, [43]
modulation, anfi- | AMPK pathway
inflammation
Alkaloids Betaine ameliorated activation of AMPK, down- [30]
hepatic steatosis regulation of SREBP-1c, up-
regulation of PPARa
Berberine fatty acid | Activation of AMPK [30]
oxidation, Nrf2, MRC complex
preventing liver
cells from
synthesizing new
lipids, ROS
reduction
Hirsutine Ameliorating insulin | PI3K [36]
resistance
Piperine Inhibit lipid | Down regulation of PPAR, [30]
metabolism SREBP-1c, AMPK,
Benzoyl aconitine | mitochondrial AMPK pathway, NDUFS1, SDHA, [19]
(BAC) biogenesis and the | UQCRC1, COX4, ATPSAI
stimulation of
mitophagy
Terpenoids Paeoniflorin Regulates lipid | Insulin signaling pathway, [34]
(Mono-terpenoid) metabolism AMPK pathway, FAS
Geraniol prevent hepatic fat | Not discovered yet [25]
(Mono-terpenoid) buildup,
inflammation,
apoptosis, fibrosis,
and oxidative stress
Carnosic acid Inhibit IR and lipid | the PI3BK/AKT and  NLRP3 [25]
(Di-terpenoid) accumulation, anti- | signalling
inflammatory,
Keap1/Nrf2-ARE signaling [25]
Dehydroabietic Reduced blood | pathway activation
acid lipid
(Di-terpenoid)
Ursolic acid Anti-inflammatory, PPAR-a, TGF-B, IGF-IR [16, 35]
(Tri-terpenoid) anti-oxidants
Glycyrrhizic acid Reduce Inhibit FAS pathway [25]
(Tri-terpenoid) inflammation and
lipogenesis
Mogroside V Inhibit lipid | Activate AMPK signaling [25]
(Tri-terpenoid) accumulation, pathway
ameliorated
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hepatic steatosis

Lutein Decrease body | Activate the  SIRT1/PPAR-a [25]
(Tetra-terpenoid) weight and | signaling pathway

hepatic steatosis,

improve IR
B-caryophyllene Inhibit lipid | Activate AMPK signaling [25]
(Sesquiterpenoid) accumulation, pathway

ameliorated

hepatic steatosis
Curcumol Reduce Regulation of TLR4, TAK1, and [25]
(Sesquiterpenoid) inflammation, NF-kB/P65

fibrosis, apoptosis,
and improve liver

function
Other Polygonatum Increase CPT-1a, UCP-2, MRC complex, [19]
compounds kingianum (PK) | Mitochondrial Nrf2 pathway
sulforaphane biogenesis, anfi-
oxidants
Sulforaphane Improving insulin | JNK; FGF21 [36]
resistance

6. Conclusion

Fast increasing rates of NAFLD are associated with chronic liver disease, which is
similar to the rise in obesity and metabolic syndrome. A multidisciplinary strategy
with distinct risk categorization is necessary for management. Over the next ten
years, there will be a major improvement in the therapy options for advanced iliness
stages. The FDA recommends physical exercise and dietary modification for
treating NAFLD, but evidence suggests mitochondrial dysfunction is linked to the
disease. Mitochondrial damage can exacerbate fibrosis, inflammatory processes,
ROS generation, and lipid buildup. Natural remedies that control dynamics and
modulate mitochondrial function can slow the progression of NAFLD. Chronic
metabolic liver diseases like non-alcoholic fatty liver disease (NAFLD) can be
effectively treated with alkaloids, flavonoids, phenolic compounds, and terpenoids
such as berberine, 6-gingerol, 6-shogaol, NHP, celastrol, and amarogentin, as they
have demonstrated therapeutic properties for creating functioning mitochondria
and promote mitochondrial biogenesis. Combination therapy, which integrates

pharmaceutical medicine with natural items, is a viable treatment for liver problems
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connected to mitochondria. By enhancing mitochondrial homeostasis and
optimizing the therapeutic benefits of natural products, this approach may be able
to prevent NAFLD and other chronic liver illnesses. Developing compounds

targeting mitochondria could provide new therapeutic approaches.
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