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A B S T R A C T

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a widespread and potentially severe liver
condition characterized by abnormal fat accumulation in the liver unrelated to alcohol consumption. According to
the World Health Organization, MASLD is the most prevalent liver disease globally, it affects approximately 25%
of the world’s population, nearly two billion individuals. This staggering prevalence underscores the urgent need
for effective and safe therapeutic approaches to address this escalating global health concern. Natural products
have emerged as promising candidates for preventing and treating MASLD in recent years because of their diverse
bioactive compounds and minimal side effects. Well-known natural products such as curcumin, resveratrol, green
tea polyphenols, and silymarin exhibit notable hepatoprotective effects by influencing lipid metabolism, miti-
gating oxidative stress, and reducing inflammation. Ongoing research highlights the potential of phytochemicals
from traditional medicinal plants, such as Phyllanthus and Salvia, in ameliorating liver steatosis and fibrosis. These
natural products demonstrate the capacity to impede fibrogenesis by interfering with hepatic stellate cell acti-
vation, which is pivotal in liver fibrosis development. Recent studies underscore the significance of natural
products in modulating the gut–liver axis, where they restore balance to the gut microbiota and enhance intestinal
barrier function, which slows the progression of MASLD. Moreover, advancements in nanotechnology facilitate
the targeted delivery of natural product-derived compounds, which enhances their bioavailability and therapeutic
efficacy. Harnessing the potency of natural products offers a promising avenue for developing novel, safer
therapies for MASLD and addressing a critical global health concern with far-reaching implications for public
well-being.
1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD)
previously known as non-alcoholic fatty liver disease (NAFLD) has
emerged as a silent epidemic. MASLD represents a spectrum of liver
disorders ranging from simple steatosis to metabolic dysfunction-
associated steatohepatitis (MASH) previously known as non-alcoholic
steatohepatitis (NASH) [1], fibrosis, cirrhosis [2], and potentially
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hepatocellular carcinoma [3]. Characterized by excessive hepatic fat
accumulation in individuals without a history of significant alcohol
consumption [4], MASLD is closely associated with obesity, insulin
resistance, and metabolic syndrome [5]. According to the World Health
Organization, the global prevalence of MASLD has reached alarming
levels: it now affects approximately 25% of the world’s population
(almost two billion people), making it one of the most common liver
diseases worldwide [6]. Traditionally, MASLD management has focused
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on lifestyle modifications, including dietary changes and increased
physical activity [7]. However, the intricate interplay of genetic [8],
environmental [9], and metabolic factors that contribute to MASLD ne-
cessitates innovative and targeted therapeutic approaches [10]. In recent
years, natural products have emerged as promising candidates for
MASLD treatment and prevention because of their rich reservoir of
bioactive compounds including polyphenols [11], flavonoids [12], ter-
penoids [13], and alkaloids [14]. These compounds, derived from plants,
herbs, and traditional medicinal sources, show remarkable potential in
combating various aspects of MASLD pathogenesis and offer new hori-
zons for liver health [15]. The appeal of natural products in MASLD
management lies in their multifaceted mechanisms of action. These
compounds exhibit antioxidant [16], anti-inflammatory [17],
anti-fibrotic [18], and anti-lipogenic properties [19]; they therefore
target key pathways involved in MASLD progression. Moreover, their
relatively low toxicity and minimal side effects make them attractive
candidates for long-term therapeutic interventions [20].

1.1. Bioactive compounds

Natural products contain a wide range of bioactive compounds that
have significant hepatoprotective effects [21]. Curcumin [22], derived
from turmeric, has been extensively studied for its anti-inflammatory and
antioxidant properties [23]. It attenuates hepatic steatosis by regulating
lipid metabolism and modulating inflammatory pathways [24]. Resver-
atrol [25], found in grapes and berries, shows promise in reducing he-
patic fat accumulation, oxidative stress, and inflammation, making it a
potential therapeutic agent for MASLD [26]. Green tea polyphenols [27],
particularly epigallocatechin gallate, exert anti-lipogenic effects by
inhibiting lipid absorption and promoting fat oxidation. Additionally,
silymarin [28], a flavonoid extracted from milk thistle, exerts hep-
atoprotective properties by stabilizing cell membranes, inhibiting
oxidative stress, and modulating inflammatory responses [29].

1.1.1. Gut–Liver Axis Modulation
Recent research has emphasized the critical role of the gut–liver axis

in MASLD pathogenesis [30]. Disruptions in gut microbiota composition,
termed dysbiosis, contribute to increased intestinal permeability and
bacterial translocation, which triggers hepatic inflammation and fibrosis
[31]. Natural products such as probiotics, prebiotics, and dietary fiber act
as modulators of gut microbiota; these products restore microbial bal-
ance and enhance intestinal barrier function [32]. Probiotics [33], which
are live beneficial bacteria, promote gut health by restoring microbial
diversity, reducing gut permeability, and mitigating inflammation [34].
Prebiotics [35] are non-digestible fibers that promote the growth of
beneficial bacteria, enhance gut integrity, and attenuate hepatic lipid
accumulation [36]. The synergistic effects of natural products on the
gut–liver axis present a novel therapeutic approach and emphasize the
interconnectedness of the gastrointestinal tract and liver health [37].

1.1.2. Nanotechnology (enhancing natural product efficacy)
Advancements in nanotechnology have transformed the treatment of

MASLD by enhancing the efficacy of natural products [38]. Nano-
particles, liposomes, and micelles are employed to encapsulate bioactive
compounds derived from natural products; this protects them from
degradation and facilitates targeted delivery to liver cells [39]. These
innovative nanostructures improve natural products’ solubility, stability,
and absorption, which ensures optimal therapeutic effects [40].
Controlled release mechanisms prolong the presence of bioactive com-
pounds in the bloodstream, while ligand-functionalized nanoparticles
enhance cellular uptake [41], which maximizes their therapeutic po-
tential [42]. Natural products, given their diverse bioactive compounds
and minimal side effects, present a promising avenue for MASLD treat-
ment [43,44] and signal a paradigm shift in liver health intervention on a
global scale [45,46]. In this review, we discuss the role of various natural
products in the treatment of MASLD along with approaches based on
2

nanotechnology including metallic nanoparticles, polymeric nano-
particles, and nanostructured lipid carriers [47–59].

1.1.3. Literature review
The review utilized electronic databases including Science Direct,

PubMed, and Google Scholar and employed keywords such as “MASLD”
“Natural Products” “Alcohol Consumption” “Liver disorder” and “Ther-
apy” Relevant high-impact publications from January 2016 to August
2023 were selected, excluding unpublished data and conference papers.
Only English-language articles were considered. Cross-checking verified
the scientific names and types of natural products for treating MASLD.
1.2. Treatment of MASLD

1.2.1. By available medicine
Fatty liver disease, also known as MASLD, is a common condition

characterized by fat accumulation in the liver. It can range from simple
steatosis (fat accumulation) to MASH, which involves inflammation and
liver damage. While no specific medication is approved for the treatment
of MASLD or MASH till January 2022, several approaches have been
explored, including the use of natural products and lifestylemodifications.
Here is a detailed explanation of the available treatment options [60].

1.2.2. Lifestyle modifications

1.2.2.1. Weight management. Obesity is a significant risk factor for
MASLD.Weight loss through a balanced diet and regular physical activity
is the most effective way to improve fatty liver. Even a modest reduction
in body weight (5%–10%) can significantly improve liver function [61].

1.2.2.2. Dietary changes. A healthy diet is crucial for managing fatty
liver disease. A balanced diet should focus on reducing the intake of
saturated and trans fats, refined sugars, and processed foods. A healthy
diet emphasizes the consumption of fruits, vegetables, whole grains, lean
proteins, and foods high in omega-3 fatty acids, such as fatty fish [60,61].

1.2.2.3. Physical activity. Regular exercise can help to reduce fat accu-
mulation in the liver. The current recommendations are to aim for at least
150 min of moderate-intensity aerobic exercise per week combined with
strength training exercises [62].
1.3. Phytopharmaceuticals and other supplements

While there are no specific medications approved for MASLD or
MASH, some natural products and dietary supplements are beneficial in
managing the condition. Consultation with a healthcare provider before
taking any supplements is essential, as they may have interactions or side
effects. Some examples are listed below.

1.3.1. Omega-3 fatty acids
Fish oil supplements, rich in omega-3 fatty acids, may help to reduce

liver fat and inflammation [61].

1.3.2. Vitamin E
Some studies suggest that vitamin E supplements can benefit in-

dividuals with MASH, although a healthcare professional should super-
vise its use because of potential risks.

1.3.3. Management of comorbidities
Management of conditions like diabetes, high blood pressure, or high

cholesterol is essential, as they can exacerbate MASLD.

1.3.4. Avoidance of alcohol and medications that can harm the liver
Alcohol consumption and use of medications that may harm the liver

should be avoided or discussed with a healthcare provider.
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1.3.5. Regular monitoring
Regular follow-up with a healthcare provider is crucial to monitor the

progression of the disease and make necessary adjustments to treatment
plans [61,62].

1.4. Mechanistic approach for the treatment of MASLD

The onset of MASLD is linked to several related key pathological
events, such as insulin resistance, abnormal lipid metabolism, oxidative
stress, inflammation, apoptosis, and fibrosis. When treating MASLD,
herbal therapies can significantly improve steatosis and inflammation, by
affecting the processes that are involved in inflammation and lipid
metabolism [63].

Determining dietary approaches to MASLD prevention and treatment
is extremely important, as there are currently no approved therapies for
the condition. However, according to data from studies conducted on
animals and cells, numerous medications may prevent MASLD [64].
Traditional medicines employ various mechanisms to prevent MASLD.
These mechanisms include the following: (1) down-regulating sterol
regulatory element-binding protein-1c (SREBP-1c) expression to depress
lipogenesis; (2) up-regulating peroxisome proliferator-activated receptor
(PPAR)α expression to increase β-fatty acid (FA) oxidation; (3)
up-regulating nuclear factor-erythroid 2-related factor 2 (Nrf2) expres-
sion to increase antioxidant levels and depress oxidative stress; and (4)
inhibiting the activation of inflammatory pathways. According to recent
discoveries, the common trigger regulating these molecular processes is
the activation of the AMP-activated protein kinase/sirtuin-1 (AMPK/-
SIRT-1) signaling pathway. Furthermore, traditional Chinese medicines’
indirect anti-inflammatory and antioxidative properties might ease
MASLD symptoms [64,65]. Several natural items have demonstrated
efficacy in the treatment of MASLD.

1.4.1. Ginger
Also known as Zingiber officinale Roscoe, which belongs to the family

Zingiberaceae, ginger is a flowering plant whose rhizome is extensively
used in traditional medicine and spices. These rhizomes are harvested,
dried, and used for various culinary and medicinal purposes. The active
chemical constituent in ginger for the treatment of MASLD is gingerol.
Ginger may help treat MASLD by lowering oxidative stress and inflam-
mation; studies using fibro-scan have also show that ginger improves
fatty liver scores and liver biomarkers [66,67]. Moreover, ginger may
help adipocytes become more sensitive to insulin PARα and PPARγ is
thought to have an impact on the pathogenesis of MASLD by influencing
the accumulation of hepatic triglycerides [68].

1.4.2. Berberine
The active compound in berberine, an isoquinoline alkaloid, shows

potential for treating MASLD. A quaternary ammonium salt, berberine
belongs to the benzylisoquinoline alkaloids’ protoberberine group. It can
be found in the stem bark, rhizomes, and roots of many plants, such as
tree turmeric, barberry, and goldenseal. Berberine can impact MASLD by
lowering insulin resistance, oxidative stress, and inflammation.
Berberine also alters the expression of genes and noncoding RNAs,
particularly miRNAs, giving it preventive and therapeutic actions against
MASLD [69].

One of the primary active metabolites of berberine is berberrubine,
which exhibits strong anti-obesity and antihyperglycemic properties.
Nevertheless, it is unclear whether berberrubine has an in vivo thera-
peutic effect on MASLD and what the mechanisms underlying any effects
may be [70]. In two unrelated murine models, acetaminophen-induced
acute liver injury and methionine and choline-deficient diet-induced
MASH, berberine inhibited NOD-like receptor family pyrin
domain-containing 3 (NLRP3) inflammasome activation both in vivo and
in vitro [71]. Additionally, berberinemodulated purinergic receptor P2X,
ligand-gated ion channel 7 signalling to counteract NLRP3 inflamma-
some activation in vitro in lipopolysaccharide-treated macrophages.
3

Berberine also reduced high-fat diet induced insulin resistance in vivo
and palmitate-induced NLRP3 inflammasome activation by inducing
autophagy in macrophages in vitro [72].

1.4.3. Lychee pulp
Derived from the succulent fruit of the Litchi chinensis tree, which

harbors a treasure trove of phenolic compounds, lychee pulp is the fruit’s
edible flesh. Lychee pulp benefits MASLD by lowering oxidative stress
and inflammation and is a rich source of antioxidants. The active
chemical constituent in lychee pulp relevant to the treatment of MASLD
is quercetin-3-rutinose-7-rhamnoside [68].

1.4.4. Grape seed
Grape seed acts mainly by lowering oxidative stress as these are rich

source of antioxidant. The main active chemical constituents of grape
seed in the treatment of MASLD are catechin and epicatechin [69].

1.4.5. Rosemary
The main active chemical constituents of rosemary in the treatment of

MASLD are rosmarinic acid, carnosic acid, rosmanol, carnosol, and
ursolic acid. Also known as Rosmarinus officinalis, this fragrant herb is
frequently used in cooking. I have antioxidant and anti-inflammatory
properties which makes it beneficial in the treatment of MASLD [73,74].

1.4.6. Terpenoids
Terpenoids are naturally occurring substances that exhibit various

biological activities and diverse structures and distributions. The main
active chemical constituent of terpenoids in the treatment of MASLD is
paeoniflorin. Terpenoids are made of isoprene and are crucial to every
organism’s metabolism [75]. They also have anti-inflammatory and
antioxidant properties, making them promising therapeutic agents for a
variety of inflammatory illnesses [76,77]. Numerous terpenoids derived
from plants inhibit the activation of the NLRP3 inflammasome, which
results in anti-MASH effects. Terpenoids have multiple hydrocarbon
isoprene units and oxygenated derivatives in their molecular formulas.
These oxygenated derivatives include alcohol, aldehydes, ketones, car-
boxylic acids, and esters. Terpenoids are abundant in nature and are the
primary constituents of pigment resins and certain plant essences [78];
they exhibit a wide range of physiological effects, such as expectoration,
cough relief, evaporation, perspiration induction, insecticidal action, and
analgesia (pain reduction) [79]. Several plants, particularly Betula,
contain the pentacyclic triterpene betulinic acid and betulin. Betulin, the
precursor of betulinic acid, is convertible to its product. By altering the
AMPK-SREBP signaling pathway, betulinic acid significantly reduces
hepatic lipid accumulation [80].

1.4.7. Antcin A
Traditional Chinese medicine uses antcin A, a terpenoid isolated from

Antrodia camphorata, as a treatment for MASLD. Strong hepatoprotective
and anti-inflammatory properties are exhibited by antcin A [81].
Research conducted both in vivo and in vitro demonstrates that antcin A
can improve hepatic lipid accumulation, lower alanine and aspartate
amine transferase levels, and suppress the expression of
pyroptosis-associated proteins (the full-length and N-terminal domain of
gasdermin D) and the NLRP3 inflammasome (which includes NLRP3,
apoptosis-associated speck-like protein containing a CARD, and
caspase-1). Antcin A treatment significantly decreases both the number
of pyroptotic cells and the pore permeability of the cell membrane by
attaching itself to NLRP3 and preventing the NLRP3 inflammasome from
assembling and activating, which would otherwise enhance MASH and
further mediate the inflammatory response and pyroptosis [82].

1.4.8. Alkaloids
Alkaloids are a class of naturally occurring nitrogenous organic

compounds found in large numbers in dicotyledons. The main active
chemical constituents of alkaloids in the treatment of MASLD are
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obeticholic acid, cenicriviroc, and belapectin. Their pharmacological
properties include antibacterial, analgesic, anti-inflammatory, anti-
tumor, and anti-fungal effects [83–85]. Numerous studies show that al-
kaloids significantly affect MASLD [86–88].

1.4.9. Coffee
Caffeine, chlorogenic acid, cafestol, and kahweol are just a few of the

many bioactive substances found in coffee. The main active chemical
constituent of coffee in the treatment of MASLD is caffeic acid (CA) [89].
Certain bioactive compounds, such as trigonelline and caffeic acid,
improve liver triglyceride metabolism, oxidative stress, and fibrotic sta-
tus, all of which are associated with a lower risk of fatty liver disease
[90]. By correcting the imbalance in the gut microbiota and the resulting
lipopolysaccharide-mediated inflammation, CA prevents the expression
of genes linked to lipid metabolism from becoming dysregulated; there-
fore, CA may be utilized as a therapeutic strategy for MASLD linked to
obesity.

1.4.10. Curcumin
Turmeric’s main active ingredient is curcumin, a naturally occurring

polyphenol that has been utilized in traditional Chinese medicine and
Ayurvedic medicine for many years. Preclinical mouse models show
curcumin reduces MASLD [91]. Curcumin reduces MASLD by inhibiting
NLRP3 and by modulating oxidative stress, lipid metabolism, AMPK and
Nrf2 activation, gut microbiota, to control inflammation and lower he-
patic steatosis; however, more research is needed to confirm their ben-
efits in clinical MASLD patients [92].

1.4.11. Silymarin
Silymarin, commonly referred to as milk thistle extract, possesses a

combination of components that exhibit strong hepatoprotective prop-
erties against various liver diseases [93]. The active ingredients are
taxifolin, isosilybin A, silybin A, silybin B, silibinin, and their combina-
tions. Preclinically, silymarin or one or more of its hepatoprotective
components alleviates MASH in both C57BL/6J mice fed a methionine
and choline-deficient diet and db/db mice [94], as well as in hamsters
and mice [95] with high-fat diet-induced MASLD. Silymarin may modify
the gut microbiota, which could mediate its effects on metabolic disor-
ders. To treat MASLD or MASH, silymarin impacts several targets
including farnesoid X receptor, Nrf2, SIRT1, SIRT2, AMPK, and the
NLRP3 inflammasome. Clinical data point to silymarin’s potential, if not
definitive, role in treating MASLD or MASH [96].

1.4.12. Saponin
Mostly present in terrestrial plants, saponins are glycoside aglycones

of three terpenoids, also known as spirostane compounds [97]. Saponins
are the main active components of many traditional Chinese herbs,
including Glycyrrhiza uralensis (Fisch), Polygala tenuifolia (Willd.), Panax
ginseng (C. A. Mey.), and Platycodon grandiflorus (Jacq.) A. DC. Addi-
tionally, some saponins have anti-cancer, antibacterial, and antipyretic
properties [98,99]. Dioscin, a naturally occurring steroid saponin, is
present in many different herbs [100]. Dioscin possesses anti-tumour
[101], anti-hyperlipidemic, and anti-fungal properties [102]. Research
indicates that dioscin supplementation in mice with obesity can help
them lose weight gradually without increasing physical activity or sup-
pressing appetite. By inhibiting fatty acid synthase, oral dioscin admin-
istration lowers blood lipid levels; lowers fat and cholesterol
accumulation in the liver, and triglyceride deposition; encourages
beta-oxidation; and controls the MAPK signalling pathway, autophagy,
oxidative stress, and inflammation [103]. Other saponins that are
important in the treatment of MASLD include trilling, ginsenoside Rb1,
and ginsenoside Rg1 [104].

1.4.13. Resveratrol
In both rodent and cell models, resveratrol, a naturally occurring

polyphenol that activates SIRT1, has strong anti-MASLD effects; however,
4

there is still conflicting evidence regarding its impact on individuals with
MASLD [105]. A high dose of resveratrol supplementation does not affect
body composition, insulin sensitivity, or other inflammatory or metabolic
biomarkers, according to a clinical study involving 24 obese but otherwise
healthy men [106]. Similarly, studies involving middle-aged, non-obese
subjects with normal glucose tolerance did not find any benefit from
resveratrol supplements, indicating that resveratrol is ineffective in people
without metabolic disease. By contrast, a study of 50 MASLD patients with
metabolic disease found that compared with lifestyle changes, 500 mg of
resveratrol treatment for 12 weeks improved MASLD [107].

1.4.14. Licorice, Red Clover, and Chamomile
Future research could focus on red clover, chamomile, and licorice, as

these herbs are presently being investigated for their potential thera-
peutic applications. Licorice supports lipid homeostasis via PPARα,
carnitine palmitoyltransferase-1α, FA synthase, SREBP-1c, and acetyl-
CoA carboxylase 1 [108,109]. In a double-blind clinical trial, 66 pa-
tients were randomly assigned to receive 2 g of aqueous licorice root
extract or a placebo for two months only the licorice treated group’s
aspartate and alanine aminotransferase levels improved [110]. Because
of their potential involvement in PPARα regulation, red clover and
chamomile may have hepatoprotective effects; however, further research
is required to fully understand their effects on MASLD [111,112].

1.4.15. Ginseng
In traditional Chinese medicine, ginseng, or P. ginseng, is frequently

used to treat a variety of metabolic disorders, including hepatosteatosis
[113,114]. Ginsenosides and saponins are the active ingredients in
ginseng [115]. By inducing the SIRT1/AMPK pathway and activating
autophagocytic pathways, ginseng decreases lipid accumulation [115,
116]. Additionally, ginseng inhibits hepatic stellate cell activation and
lowers hepatic fibrosis factors like collagen-1 and α-smooth muscle actin
[116]. Through glucose-regulated protein 78, ginseng also lessens
endoplasmic reticulum stress and inflammation. Supplementing
MASLD/MASH-induced mice with ginseng extract improves hepatic
inflammation, fibrosis, liver enzymes, and steatosis [115,116]. There-
fore, according to available data, ginseng may be a useful compound to
investigate in MASLD patients in future studies in Tables 1–3.

2. Results & Discussion

Natural products are a good reservoir of bioactive components such as
flavonoids, alkaloids, terpenoids etc., and can serve as a source of con-
stituents to prevent MASLD. Nowadays natural products are gaining in-
terest due to their low cost and minimal side effects.

Natural products may be effective for the treatment of MASLD
because of their multiple therapeutic mechanisms. These products have
antioxidant, anti-inflammatory, antibiotic, and anti-lipogenic effects,
which positively impact the main MASLD progression pathways. For
example, curcumin has anti-inflammatory and anti-antioxidant proper-
ties grapes contain resveratrol, which reduces hepatic fat accumulation;
green tea contains epigallocatechin gallate, which inhibits lipid absorp-
tion and enhances fat oxidation; and certain probiotics, prebiotics, and
dietary fiber improve the functioning of the gut–liver axis by enhancing
intestinal permeability, which decreases liver fibrosis and inflammation.
Natural products can be converted into nano-formulations, which protect
them from degradation and help in the targeted delivery of drugs; these
formulations can also improve the absorption, stability, and solubility of
natural products to enhance their therapeutic efficacy.

This review covered various natural products that can be used for the
treatment of MASLD, for which no effective therapeutics have been re-
ported; instead, lifestyle modifications are the primary treatment. These
natural products contain many phytochemicals that act by specific mech-
anisms on different pathways to prevent fat accumulation in the liver.

This review not only covered various natural products but also the
phytoconstituents they contain, along with the mechanisms through



Table 1
Treatment of MASLD with natural products.

S. No. Plant Source Chemical Constituent Mechanism Model Reference

1. Ginger Gingerol Ginger can inhibit arachidonic acid metabolism with the
suppression of cyclooxygenase and lipooxygenase
enzymes, thereby acting as an anti-inflammatory agent.
Ginger has potential antioxidant activities due to its
polyphenolic compounds, such as gingerol.

In vivo [117]

2. Berberine Isoquinoline alkaloid It regulates genes involved in glucose and fatty acid
synthesis. Live triglycerides, cholesterol, and body weight.

Animal model [118,119]

3. Lychee pulp Quercetin-3-rutinose-7-
rhamnoside

Lowering oxidative stress and inflammation, by altering
gene expression & noncoding RNAs, particularly miRNAs.

Aminal model &
RCTs

[68]

4. Grape seed Catechin, epicatechin Lowering oxidative stress and inflammation, by altering
gene expression & noncoding RNAs, particularly miRNAs.

Animal model [69]

5. Rosemary Rosmarinic acid, carnosic
acid, rosmanol, carnosol,
Ursolic acid

Lowering oxidative stress and inflammation, by altering
gene expression & noncoding RNAs, particularly miRNAs.

Aminal model &
RCTs

[68,69]

6. Terpenoids Paeoniflorin By altering the AMPK-SREBP signaling pathway, betulinic
acid significantly contributes to reducing hepatic lipid
accumulation

Animal model [80]

7. Anctin A By attaching itself to NLRP3 and preventing the NLRP3
inflammasome from assembling and activating, thus
enhancing MASH and further mediating the inflammatory
response and pyroptosis

In vivo, In vitro [82]

8. Alkaloids Obeticholic acid, cenicriviroc,
belapectin

It protects against hepatic steatosis and other hallmarks of
MASLD through modulating the AMPK-SREBP1 axis. it
may therefore have a therapeutic potential for MASLD
treatment.

Animal model [120]

9. Coffee Caffeic acid Correcting the imbalance in the gut microbiota and the
resulting lipopolysaccharide-mediated inflammation
prevents the expression of genes linked to lipid
metabolism from becoming dysregulated

In vivo [121]

10. Curcumin AMPK pathway: Curcumin regulates this pathway,
involved in lipid metabolism and energy balance.
It also impacts the transforming growth factor-beta
pathway linked to inflammation and fibrosis.

Animal model [92]

11. Silymarin Taxifolin, isosilybin A, silybin
A, silybin B, silibinin

Acts as a free radical scavenger and modulates enzymes
associated with the development of cellular damage,
fibrosis, and cirrhosis. These hepatoprotective effects were
observed in clinical studies in patients with alcoholic or
non-alcoholic fatty liver disease, including patients with
cirrhosis.

In vivo [96]

12. Saponin Dioscin By inhibiting FAS, oral dioscin administration lowers
blood lipid levels, enhances fat accumulation in the liver,
lowers liver cholesterol, and triglyceride deposition, and
encourages beta-oxidation controls the MAPK signalling
pathway, autophagy, and oxidative stress and
inflammation

Animal model [103]

13. Resveratrol Activation of AMPK and SIRT1 in hepatic cells and anti-
oxidant and anti-inflammatory actions may prevent liver
damage and may inhibit the progression of MASLD

Animal model
and RCTs.

[105]

14. Milk thistle Silibinin, Isosilibin Antioxidative, anti-apoptotic, anti-inflammatory, anti-
adipogenic

Experimental
and clinical
studies (RCTs)

[122]

15. Liquorice, red
clover, and
chamomile

Potential involvement in PPARα regulation, and are
thought to have hepatoprotective effects

RCTs [101,102]

16. Ginseng Ginsenosides and saponins Inducing the SIRT1/AMPK pathway and activating auto-
phagocytic pathways, ginseng can decrease lipid
accumulation.

Clinical study [115,116]

17. Fish oils Eicosapentaenoic acid,
Docosahexanoic acid

Improve lipid homeostasis and inflammation through the
PPARα, AMPK, and adiponectin

Clinical study [123]

18. Garlic S-allyl cysteine, S-ally
mercapto cysteine, diallyl
disulfide

Function as a SIRT1 activator, causing the AMPKα
pathway to be activated and lowering hepatic lipogenesis
and lipotoxicity.

RCT [124]

19. Green tea Epigallocatechin-3-gallate Reduces hepatic COX2, prostaglandin E2, NF-κB, and toll-
like receptor 4, which in turn reduces hepatic
inflammation.

In vivo [125,126]

Additionally controls hepatic lipid homeostasis by
modifying the AMPK, SREBP, PPARγ, and mitochondrial
complex chain protein pathways.

COX-2-Cyclooxygenase-2, RCTs-Randomized Controlled/Clinical Trial, AMPK-adenosine monophosphate-activated protein kinase, SREBP-Sterol Regulatory Element
Binding Protein, SIRT1-silent information regulator sirtuin 1, PPARα-peroxisome proliferator-activated receptor alpha,NLRP3-NOD-like receptor family pyrin domain-
containing 3, MASLD-Metabolic dysfunction-associated steatotic liver disease, MASH-Metabolic dysfunction-associated steatohepatitis.
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Table 2
Dosages used to treat MASLD with natural products.

S. No. Herbal Medicine In vivo effects In vivo Dosing Duration of study

1. Zingiber zerumbet Smith HFD induced obese mice 100, 200, or 300 mg/kg 8 weeks
2. Berberine HFD-induced mice to target site on SIRT1 1.5 g/kg 16 weeks
3. Curcumin Apoe KO mice target site on TFEB 20 mg/kg 16 weeks
4. Alkaloids MCD-induced mice to target on TXNIP 20 μM Orally, 2 weeks
5. Silymarin HFD-induced mice to target on FXR also

SIRT1/AMPK activation
420–700 mg/kg 48–50 weeks

6. Saponin HFD-induced obese mice to target on SIRT1 25 μM 4 weeks
HFD induced obese Wistar rats and mice 10 mg/kg 4 weeks

7. Resveratrol HFD-induced rats target to Sirt1 200 mg/kg 18 weeks
HFD-induced rats target to PKA 20 mg/kg 8 weeks

8. Ursolic acid HFD-induced obese
Mice to target on AMPK pathways

100 mg/kg 15 weeks

9. Lycopene HFD-fed mice to target on NF-κB pathway 60 mg/kg 8 weeks
10. Saponins HFD-induced mice to target on HCBP6 pathway 25 mg/kg 8 weeks
11. Dioscin HFD-induced mice to target on Sirt1/AMPK pathway 80 mg/kg 8 weeks
12. Glucoraphanin HFD-fed mice to target on Nrf2 pathway 0.3% 14 weeks

Table 3
Treatment of MASLD using nanotechnology.

Herbal Medicine Nanocarriers In vivo/Clinical Dosing Reference

Catechin Polymeric
nanoparticles

500 and 1000 μM [127]

Curcumin PLGA-NPs 40 mg capsules/day [128]
Curcumin PLGA-NPs 40 mg capsules [129]
Resveratrol PLGA nanoparticles 500 and 1000 μM [130]
Chemical
synthesis

CeO2NPs 10 μg/mL [131]

Naringenin Liposome 50–100 mg/kg/day [132]
Coptis chinensis SLN 50 mg/kg or 0.4 ng/mL [133,134]
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which they exert their effects. Thus, this review may be helpful in the
formulation of new therapeutic agents for the treatment of MASLD.
Further, this review also suggests approaches to the nanoformulation of
natural products, which may enhance their effectiveness.

3. Future perspectives

MASLD and its related metabolic illnesses have become increasingly
common in recent years because of lifestyle changes. The use of natural
products as MASLD therapeutics is a potential new field of research
because of the easy availability, efficacy, and low toxicity and side effects
of natural products. The overlap in the pathophysiology of metabolic
diseases means that MASLD patients may face many other major com-
plications related to the heart, obesity, and diabetes. However, the active
ingredients in natural products need to be explored further to determine
their active ingredients and any adverse effects and interactions.

4. Conclusion

MASLD is the most prevalent liver disease globally and potential
treatment options require further investigation. Currently, there are no
therapeutics for MASLD; it is instead treated by lifestyle modifications
such as diet and physical activity. Herbal or natural products are prom-
ising MASLD treatments because of their various phytoconstituents and
biological activities. These phytoconstituents act via several mechanisms
and can be nano-formulated to improve bioavailability and stability.
There are very few side effects of natural products and their natural
availability makes them cost-effective. Therefore, herbal treatments
should be considered for the treatment of MASLD, for which no thera-
peutics are currently available.
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