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Abstract: The correlation between oxidative stress and liver fibrosis has garnered extensive attention from scholars worldwide. Research 

indicates that oxidative stress may be a key factor in the onset and progression of liver fibrosis. Given the complex array of oxidative 

stress-related genes and pathways, recent studies targeting specific pathways have demonstrated therapeutic potential for liver fibrosis 

using certain drugs. This review will summarize the mechanisms by which oxidative stress influences liver fibrosis. It will also compile 

recent research progress on various natural product antioxidants targeting oxidative stress for liver fibrosis treatment, aiming to provide 

more effective strategies for the prevention and management of liver fibrosis.  

 

Keywords: Oxidative stress, Liver fibrosis, Hepatic stellate cells, Natural products, Reactive oxygen species.  

 

1. Introduction 
 

Oxidative stress is defined as the phenomenon where 

excessive production of reactive oxygen species (ROS) and 

reactive nitrogen species (RNS) [1] within the body exceeds 

the scavenging capacity of antioxidants, leading to an 

imbalance between oxidative and antioxidant processes that 

damages cells, tissues, and organs [2]. When various cell 

types within the liver are stimulated by external factors such 

as alcohol, viral infections, or high-calorie diets, the 

intracellular redox balance is disrupted. This leads to 

alterations in the structure and function of biomolecules 

including lipids, proteins, and DNA, ultimately impairing the 

liver's normal physiological functions. Research indicates that 

oxidative stress is closely associated with the development of 

non-alcoholic fatty liver disease (NAFLD), non-alcoholic 

steatohepatitis (NASH), liver fibrosis (HF), and 

hepatocellular carcinoma (HCC). In strategies for preventing 

and treating liver fibrosis, antioxidant therapy shows 

significant potential. Inhibiting ROS accumulation and 

regulating antioxidant responses have become key 

anti-fibrotic strategies. Natural products, owing to their 

unique chemical structures and biological activities, have 

emerged as a focal point in antioxidant therapy research [3]. 

 

2. Oxidative Stress 
 

Research on ROS indicates that these molecules are released 

during the incomplete reduction of oxygen molecules. They 

can be produced through enzymatic reactions in the cytoplasm 

or formed within organelles such as mitochondria. Hydroxyl 

radicals and superoxide anions within ROS are highly 

unstable free radicals [1]. Their outer electron orbitals contain 

unpaired electrons, granting them a strong ability to steal 

electrons from other molecules—that is, potent oxidizing 

power. In contrast, relatively stable non-radical oxidants like 

H₂O₂ possess single covalent bonds that readily break to form 

the more potent hydroxyl radical. Within the body, ROS are 

continuously neutralized by antioxidant enzymes and 

endogenous antioxidants, maintaining a dynamic equilibrium 

under physiological conditions. At low concentrations, ROS 

can function as second messengers to regulate various 

physiological activities, such as immune responses and gene 

expression. However, if intracellular ROS concentrations 

become excessively high and uncontrolled, disrupting the 

balance between oxidants and antioxidants, it leads to various 

cellular and tissue damages—this is the formation of 

“oxidative stress.” 

 

2.1 Oxidative Stress-Related Metabolic Substances 

 

During the body's oxidative stress response, numerous related 

metabolic substances are produced and cleared. These include 

two major categories of oxidants crucial for regulating 

oxidative stress balance: ROS and RNS; as well as DNA, 

proteins, lipids, and other biomolecules oxidatively damaged 

by free radicals. Among these, 8-hydroxy-2'-deoxyguanosine 

(8-OHdG) is widely recognized as a biomarker for DNA 

oxidative damage, being one of the abundant base 

modification products resulting from DNA oxidation. 

8-OHdG is also incorporated into diagnostic criteria as a 

significant risk factor in oxidative stress-related diseases such 

as cancer, diabetes, and cardiovascular disorders [4]. Protein 

oxidation and nitrosylation modifications are extremely 

common. Lysine and arginine are attacked by ROS to form 

protein carbonyl derivatives, making carbonyl groups one of 

the measurable indicators of protein oxidative damage. 

3-Nitrotyrosine (3-NT), on the other hand, is formed through 

the nitrosylation of tyrosine at the ortho position of its 

aromatic ring by the attack of the nitric oxide radical. 

Lipid-related oxidative metabolites such as ethane, pentane, 

4-hydroxy-2-nonenal, and malondialdehyde also reflect the 

oxidative state of lipids in the body. Concurrently, 

antioxidants within the organism promptly eliminate excess 

ROS to maintain equilibrium, with antioxidant enzymes and 

non-enzymatic antioxidants cooperating to accomplish this 

process. Antioxidant enzymes include superoxide dismutase 

(SOD), catalase (CAT), and glutathione peroxidase (GPX); 

non-enzymatic antioxidants comprise glutathione, Vitamin C, 

Vitamin A, and thioredoxin. 

 

2.2 Oxidative Stress-Related Signaling Pathways 
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Under physiological conditions, cells typically counteract 

various oxidative stress-related signaling pathways by 

producing antioxidants such as superoxide dismutase and 

glutathione S-transferase, thereby maintaining the body's 

oxidative/antioxidative equilibrium. Key oxidative 

stress-related signaling pathways include the 

Keap1/Nrf2/ARE pathway, the MAPK pathway, and the 

NOX pathway. 

 

2.2.1 Keap1/Nrf2/ARE Signaling Pathway 

 

The Keap1/Nrf2/ARE signaling pathway plays a crucial role 

in repairing oxidative stress conditions. Under normal 

circumstances, NF-E2-related factor 2 (Nrf2) binds to Keap1 

in the cytoplasm, undergoes ubiquitination, and is degraded 

by the proteasome. Following oxidative stress exposure, Nrf2 

phosphorylation promotes dissociation from Keap1 [5]. Upon 

release, Nrf2 translocates to the nucleus and binds to the 

antioxidant response element (ARE), thereby enhancing 

expression of various downstream antioxidant enzymes such 

as heme oxygenase-1 (HO-1) to exert its antioxidant effects 

[6]. Research by Longtai You revealed that retinal pigment 

epithelial (RPE) cells can be protected from oxidative stress 

by activating the Keap1/Nrf2/ARE pathway and inactivating 

the oxidative stress-mediated apoptosis pathway [7]. 

 

2.2.2 MAPK Signaling Pathway 

 

The MAPK family belongs to the serine/threonine kinase 

family, primarily comprising c-Jun N-terminal kinase (JNK), 

p38, and extracellular signal-regulated kinase (ERK). When 

excessive ROS accumulate, oxidative stress activates the 

MAPK signaling pathway, causing ERK, JNK, and p38 to 

translocate from the cytoplasm to the nucleus. This promotes 

transcription and expression of related target genes, leading to 

DNA damage and ultimately apoptosis. ROS can act as 

second messengers to activate the MAPK signaling pathway 

while simultaneously being affected by its activation [8]. 

Oleuropein (OP), as an effective antioxidant, inhibits the 

TLR4/MAPK signaling pathway activated by 

tert-butylhydroperoxide (tBHP) in H9C2 cells, thereby 

suppressing ROS production and subsequent oxidative stress 

and autophagy [9]. 

 

2.2.3 NOX Signaling Pathway 

 

In cellular redox homeostasis, the NADPH oxidase (NOX) 

signaling pathway plays a central role. Enzymes within the 

NOX family catalyze the oxidation of NADPH to produce 

superoxide anion (O₂⁻), which in turn generates a cascade of 

ROS, including hydrogen peroxide (H₂O₂) and other 

downstream reactive molecules. These ROS serve as key 

signaling molecules, participating in the regulation of 

multiple biological processes within cells, including 

proliferation, differentiation, migration, and apoptosis. The 

activity of the NOX signaling pathway is finely regulated to 

maintain a balance between ROS production and cellular 

demand alongside antioxidant capacity. When NOX enzyme 

activity becomes imbalanced, such as in chronic inflammation 

or certain genetic disorders, excessive ROS accumulation 

leads to oxidative stress. 

 

The NOX1, NOX2, and NOX4 subtypes within the NOX 

family serve as primary ROS sources in hepatic stellate cells 

(HSCs) and Kupffer cells (KCs), playing pivotal roles in HSC 

activation and the progression of liver fibrosis [10]. 

Specifically, NOX1 and NOX2 primarily catalyze superoxide 

production, while NOX4 predominantly generates H₂O₂. The 

O₂⁻ produced by NOX4 in mitochondria, combined with O₂⁻ 

released from the mitochondrial electron transport chain 

(ETC), constitutes the primary source of mitochondrial ROS. 

Mitochondrial SOD (SOD2) participates in its conversion to 

H₂O₂, while H₂O₂ clearance is also regulated by CAT and 

GPX [11]. Research indicates that during liver fibrosis, 

ursodeoxycholic acid (UA) inhibits collagen deposition by 

suppressing NOX4 and exerts anti-fibrotic effects by 

regulating intestinal bacteria through the NOX4/NLRP3 

inflammasome signaling pathway [12]. Exogenous 

8-hydroxy-2'-deoxyguanosine also improves liver fibrosis 

progression by inhibiting Rac1 activation and reducing 

NOX-derived ROS [13]. 

 

3. The Role of Oxidative Stress in the 

Development of Liver Fibrosis 
 

Oxidative stress can trigger abnormalities in multiple 

intracellular genes and signaling pathways, leading to 

apoptosis, necrosis, and other processes. It is present 

throughout the progression of various liver diseases. As a 

major site for ROS production and metabolism, the liver 

possesses antioxidant activity. Its antioxidant mechanisms 

comprise both enzymatic and non-enzymatic components. 

These diverse antioxidant mechanisms regulate the oxidative 

state of the internal environment to achieve a dynamic 

equilibrium between oxidation and antioxidation. 

 

3.1 Oxidative Stress and Various Hepatocytes 

 

3.1.1 Oxidative Stress and Hepatocytes 

 

Due to the presence of numerous ROS-producing organelles 

and associated enzymes within hepatocytes, oxidative stress 

may induce apoptosis or necrosis in hepatic parenchymal cells. 

Following necrosis, hepatocytes release various mediators 

such as tumor necrosis factor-α (TNF-α) and transforming 

growth factor-β (TGF-β). These substances activate 

surrounding KCs and HSCs, triggering inflammatory 

responses and promoting a tendency toward fibrosis. One 

study found that cisplatin (DDP) may enhance 

voltage-dependent anion channel protein 1 (VDAC1) 

oligomerization, promoting the release of ROS and mtDNA 

from mitochondria into the cytoplasm via the VDAC1 

channel. This leads to increased mitochondrial oxidative 

stress and DNA damage in hepatocytes. 4,4'-Dithiobis 

(2,2'-disulfonic acid) (DIDS), a VDAC1 oligomerization 

inhibitor, antagonizes DDP-induced hepatocyte apoptosis by 

reducing oxidative stress and DNA damage while protecting 

mitochondrial complex proteins. This experiment 

demonstrated that inhibiting disease progression while 

controlling hepatocyte apoptosis suggests that blocking the 

hepatocyte apoptosis process may also possess clinical 

efficacy [14]. 

 

3.1.2 Oxidative Stress and Liver Sinusoidal Endothelial Cells 

 

Liver sinusoidal endothelial cells (LSECs) constitute 
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approximately 15–20% of total liver cells, representing the 

most abundant non-parenchymal cells in the liver [15]. Due to 

their unique position within the sinusoidal lumen, LSECs 

form the liver's primary defense barrier. When external injury 

occurs, LSECs are the first to detect it, making them the initial 

hepatic cell type affected by any type of liver injury. ROS can 

selectively damage LSECs and impair their physiological 

activity. Due to compromised antioxidant mechanisms, 

vascular endothelial dysfunction affects the synthesis of the 

vasodilator NO. LSECs become unable to neutralize oxidative 

stress, leading to morphological changes and the development 

of sinusoidal endothelial dysfunction [16]. In the early stages 

of liver injury, autophagy helps maintain cellular phenotype 

and protects LSECs from oxidative stress, but studies suggest 

its efficacy may diminish in later phases. Dysregulated 

endothelial autophagy activates HSCs and exacerbates 

fibrosis during mild acute liver injury. Clinically, 

downregulating oxidative damage in LSECs by enhancing 

autophagy during early liver injury can slow progression to 

chronic liver disease [17]. 

 

3.1.3 Oxidative Stress and Hepatic Stellate Cells 

 

HSCs constitute 5–10% of hepatic cells and play a critical role 

in both normal liver function and injury responses to external 

insults. Located in the perisinusoidal space—the Disse 

space—between endothelial cells and hepatocytes, HSCs 

undergo activation during liver injury. During liver injury, 

HSCs become activated. In liver fibrosis, they undergo 

oxidative stress-induced differentiation into myofibroblasts. 

Concurrently, through paracrine effects, they secrete large 

amounts of collagen fibers, forming and depositing 

extracellular matrix (ECM). This process is crucial for liver 

regeneration and repair [18]. Furthermore, studies indicate 

that once activated, HSCs can sustain fibrosis independently 

of persistent inflammatory factors. Downstream transcription 

factors regulating ECM synthesis, such as NF-κB, can be 

targeted to reduce cellular oxidative stress levels, thereby 

clinically mitigating liver fibrosis progression. One study 

found that glucose oxidase (GO) stimulation significantly 

reduced SOD and glutathione (GSH) activity in HSCs while 

increasing ROS levels. This led to massive HSC activation, 

disruption of the antioxidant defense system, and a rapid 

decline in cellular antioxidant capacity. Conversely, 

cannabidiol (CBD) significantly increased SOD activity and 

GSH levels while decreasing ROS levels, indicating CBD 

possesses potent systemic antioxidant potential [19]. 

 

3.1.4 Oxidative Stress and Hepatic Macrophages 

 

KCs primarily reside within hepatic sinusoids, constituting 

80–90% of the body's resident macrophages. Following liver 

injury, KCs become activated and release large amounts of 

inflammatory cytokines and chemokines induced by 

pro-inflammatory mediators, including ROS. In fact, KCs are 

the primary source of ROS in the liver, typically generated by 

nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase. Jae Sung Lim's research revealed the protective role 

of the Keap1-Nrf2 pathway in KC oxidative stress responses. 

This protection manifests through activation of the 

antioxidant Nrf2/HO-1 pathway and suppression of 

pro-inflammatory factors NF-κB and MAPK activity. This 

discovery holds significant implications for further 

understanding the regulatory mechanisms of oxidative stress 

in KCs [20]. 

 

3.2 Oxidative Stress and Liver Fibrosis 

 

Liver fibrosis is a dynamic wound-healing process 

characterized by the progressive accumulation of ECM 

components, altered ECM degradation, and deformation of 

the hepatic parenchyma. However, if this response persists 

long-term, it may impair liver function and regenerative 

capacity, potentially leading to cirrhosis or even HCC. When 

the liver sustains external injury, it releases multiple cellular 

injury factors, including proinflammatory cytokines, growth 

factors, and ROS. These factors promote disease progression 

by activating proinflammatory and pro-fibrotic pathways and 

interacting with HSCs, LSECs, and various immune cells. 

Notably, elevated ROS levels serve as a key marker for HSC 

activation. ROS stimulates HSC activity, promoting their 

transformation into myofibroblasts. This process leads to 

excessive extracellular matrix production, ultimately forming 

scar tissue. The role of antioxidant mechanisms, such as Nrf2 

activation, in treating liver fibrosis has been extensively 

studied and demonstrated significant efficacy. SIRT3 

participates in regulating Nrf2 by enhancing ROS clearance, 

thereby protecting hepatocytes from oxidative stress [21]. 

Research by Ouyang et al. revealed that inhibiting HSC 

activation effectively mitigates CCl4-induced liver fibrosis 

and reduces inflammation levels. Concurrently, activating 

Nrf2 alleviates oxidative stress damage in the liver and 

promotes hepatic mitochondrial biogenesis [22]. Furthermore, 

mitochondrial autophagy plays a crucial role in the liver 

fibrosis process. ROS-induced mitochondrial dysfunction 

further exacerbates oxidative imbalance and drives the 

progression of liver fibrosis. Recent studies confirm 

correlations between mitochondrial oxidative stress, 

mitochondrial DNA (mtDNA) damage, and alterations in 

mitochondrial function and dynamics in advanced fibrosis of 

chronic hepatitis B and NASH [23]. ROS generated from 

mitochondrial damage are extensively released into the 

cytoplasm, regulating autophagy-related pathways to 

maintain and improve mitochondrial membrane potential, 

thereby repairing damaged cells and reducing hepatic injury. 

These findings reveal a close connection between oxidative 

stress during mitochondrial autophagy and the activation and 

proliferation of HSCs. As a primary pathway for 

mitochondrial autophagy, the PINK1/Parkin pathway 

regulates HSCs by influencing mitochondrial autophagy, 

thereby affecting the progression of liver fibrosis. Clearing 

damaged cells for clinical therapeutic purposes, this pathway 

may thus represent a potential target for treating oxidative 

stress-mediated liver fibrosis [24]. 

 

4. Natural Product Antioxidants in the 

Prevention and Treatment of Liver Fibrosis 
 

With the advancement of fundamental research, our 

understanding of the pathogenesis of liver fibrosis and its 

potential reversal processes has deepened. Nevertheless, no 

drug has yet been approved to completely halt or reverse the 

progression of liver fibrosis. Antiviral or anti-inflammatory 

therapies cannot truly prevent ECM deposition or promote its 

degradation. Natural products, many of which contain 

multiple antioxidant active components, demonstrate 
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significant therapeutic potential for liver fibrosis. Compounds 

such as various flavonoids, terpenoids, alkaloids, and 

polyphenolic compounds. These antioxidants primarily exert 

their anti-oxidative stress effects by enhancing SOD and GST 

activity in liver tissue, reducing ROS activity and 

malondialdehyde levels, and modulating signaling pathways 

such as Keap1/Nrf2/ARE to improve liver fibrosis [25]. The 

following sections introduce novel natural products studied in 

various oxidative stress-related signaling pathways and 

elucidate their potential mechanisms. 

 

4.1 Natural Products Modulating the Nrf2 Signaling 

Pathway 

 

Resveratrol (Res) significantly mitigates mercury-induced 

increases in hepatic malondialdehyde (MDA) levels while 

restoring GSH levels and SOD activity. Under Res influence, 

exposure to mercury environment restores oxidative 

stress-related proteins Nrf2, HO-1, and and NQO1. Research 

indicates the Nrf2 pathway is regulated by Sirt1/PGC-1α 

activation, mitigating mercury-induced liver fibrosis by 

inhibiting hepatocyte cycle disruption and HSC activation 

[26]. 

 

Kaempferol improves the imbalanced redox state in 

CCl₄-induced SD rats by enhancing Nrf2 and HO-1 protein 

activation while inhibiting the MAPK/NF-κB signaling 

pathway. In experiments, kaempferol administration 

markedly reduced ROS and lipid peroxidation levels, 

suppressed MDA, and restored GSH levels, demonstrating 

potent antioxidant, anti-inflammatory, and hepatoprotective 

effects [27]. 

 

Astaxanthin (AST) treatment effectively reduced doxorubicin 

(DOX)-induced liver injury markers (ALT, GOT, ALP, TBil) 

and oxidative stress indicators (MDA, ROS), while enhancing 

SOD, CAT, and GPX activity. Furthermore, AST repaired 

damaged hepatocytes and reduced apoptosis. At the molecular 

level, AST activated Nrf2 by downregulating Keap1 and 

enhancing ERK levels, thereby modulating the expression of 

Keap1/Nrf2 signaling pathway-related genes and 

upregulating catalase to exert its protective effects [28]. 

 

Hesperetin improves hepatic oxidative stress by activating the 

PI3K/AKT-Nrf2 pathway. This antioxidant effect 

concurrently suppresses NF-κB-mediated inflammation 

during NAFLD progression and reduces fibrosis levels [29]. 

 

Studies on genistein indicate its protective effect against 

APAP-induced liver injury, primarily mediated by enhanced 

Nrf2-dependent antioxidant capacity alongside increased 

SIRT1 expression and activity [30]. 

 

Alpinetin exerts protective effects against CCl4-induced liver 

fibrosis in mice by controlling oxidative stress through Nrf2 

signaling pathway activation [31]. 

 

In HF rats treated with Breviscapine, Keap1 protein and 

mRNA expression significantly decreased, while Nrf2 and 

HO-1 protein and mRNA expression levels increased. This 

indicates that breviscapine alleviates oxidative stress in rats 

by modulating the Keap1/Nrf2/HO-1 signaling pathway [32]. 

Obacunone (Oba) exerts antioxidant effects by upregulating 

Nrf2 and GPx4 while downregulating Nox2, concurrently 

inhibiting the TGF-β/Smad pathway to exert antifibrotic 

actions [33]. 

 

Esculin inhibits hepatic ferroptosis by activating the 

Nrf2/GPX4 signaling pathway, exerting antioxidant and 

anti-inflammatory effects, and holds potential for treating HF 

[34]. Sulforaphane suppresses LPS-induced pro-fibrotic 

activity by reducing NOX-derived ROS production in 

activated HSCs while activating Nrf2 to counteract oxidative 

stress [35]. Mulberrin significantly enhances nuclear 

expression of Nrf2 and other antioxidant genes (e.g., HO-1, 

NQO1) in liver tissue, improving the hepatic oxidative stress 

environment and thereby inhibiting HSC activation [36]. 

Piperine (PIP) reduces ROS accumulation by enhancing the 

Nrf2 antioxidant cascade, suppressing LX-2 cell activation 

and exerting hepatoprotective effects [37]. 

 

4.2 Natural Products Regulating the MAPK Signaling 

Pathway 

 

Research indicates that nano-titanium dioxide induces 

hepatotoxicity via oxidative stress, while lycopene possesses 

potent antioxidant capacity. In experiments, lycopene 

significantly reversed the upregulation of p-p38 

(phosphorylated p38) induced by nano-titanium dioxide. This 

suggests lycopene may mitigate nano-TiO₂–induced oxidative 

stress and hepatocyte apoptosis by inhibiting p38 MAPK 

pathway activation, thereby protecting mouse livers from 

injury [38]. 

 

Neferine exhibits therapeutic potential for HF by reducing 

oxidative stress through downregulating MAPK signaling 

pathways involving p38 MAPK, ERK 1/2, and JNK [39]. 

 

4.3 Natural Products Regulating NOX Signaling 

Pathways 

 

Curcumin has been shown to block the expression of NOX1, 

NOX2, and NOX4, as well as ROS expression in human 

HSCs, by inhibiting the activation of TGFβ/phosphorylated 

Smad3C signaling. It holds potential as a natural antioxidant 

agent for treating liver fibrosis [40]. 

 

Aucubin (AU) may attenuate fibrosis progression and HSC 

activation by inhibiting NOX4, thereby negatively regulating 

the IRE1α/TXNIP/NLRP3 pathway through oxidative stress 

suppression [41]. 

 

Baicalin targets inflammation through its antioxidant capacity, 

manifested by enhanced hepatic SOD and GSH activity and 

levels, along with reduced hepatic MDA and nitric oxide 

(NOx) content. Studies reveal it significantly reduces 

TAA-induced hepatic NOX4 elevation while decreasing ROS, 

targeting the TGF-β1/NOX4/NF-κB/NLRP3 signaling 

pathway to exert anti-inflammatory and antioxidant effects 

[42]. 

 

4.4 Natural Products Modulating Other Signaling 

Pathways 

 

YAP1 serves as a primary downstream target mediating 

oxidative stress. Emodin inhibits YAP1 phosphorylation by 
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reducing YES1 and AMPK expression, successfully 

mitigating acetaminophen (APAP)-induced hepatic oxidative 

damage [43]. 

 

Apigenin (API) modulates oxidative stress by inhibiting 

HIF-1α expression through suppression of PKM2 nuclear 

translocation, thereby inhibiting HSC activation and 

alleviating CCl₄-induced liver fibrosis [44]. 

Table 1: Natural Antioxidant Compounds and Their 

Mechanisms of Action 
Therapeuti

c Agent 

Compound 

Type 
Mechanism of Action 

Model 

Type 

Refer

ence 

Resveratro

l 
Polyphenol 

Nrf2/HO-1 , 

NQO1↑Cyp2e1↓ 
Hg  [26] 

Kaempfer

ol 
Polyphenol 

Nrf2/HO-1 ↑MAPK/N

F-κB↓ 
CCl4  [27] 

Astaxanthi
n 

Carotenoid 
Keap1/Nrf2/HO-1 , 

ERK↑ 
DOX  [28] 

Hesperidin Flavonoid PI3 K/AKT-Nrf2 ↑ HepG2  [29] 

Genistein Isoflavone Nrf2↑ APAP  [30] 
Alpinetin Flavonoid Nrf2, HO-1, NQO1↑ CCl4  [31] 

Breviscapi
ne 

Flavonoid Keap1↓Nrf2, HO-1↑ CCl4  [32] 

Obacunon

e 
Triterpenoids 

Nrf2/Keap1, 

GPx4↑NOX2 ↓ 
LX-2  [33] 

Esculin Coumarin Nrf2/GPX4↑ CCl4  [34] 

Sulforapha

ne 

Isothiocyanat

e 
Nrf2↑NOX1, NOX4↓ 

LX-2 , 

CCl4 
 [35] 

Mulberrin Flavonoid 
Nrf2, HO-1, 

NQO1↑Cyp2e1↓ 
CCl4  [36] 

Piperine Alkaloids Nrf2↑ LX-2  [37] 

Lycopene Carotenoids p38 MAPK ↓ 
nano-Ti

O2 
 [38] 

Neferine 
Isoquinoline 

alkaloids 
p38 MAPK, ERK 1/2, 

p-JNK↓ 
CCl4  [39] 

Curcumin Polyphenol 
NOX1, NOX2, NOX4, 

P-Smad3C↓ 
HSC  [40] 

Aucubin 
Cycloaromati

c terpenoids 
NOX4↓ LX-2  [41] 

Baicalin Flavonoid 
NOX4, NLRP3, 

caspase-1↓ 

Thioace
tamide 

(TAA) 

 [42] 

Emodin 
Anthraquino

nes 
YES1, AMPK↓ APAP  [43] 

Apigenin Flavonoid PKM2 , HIF-1α ↓ CCl4  [44] 

 

5. Conclusions 
 

HF, as a pathological precursor to clinically challenging 

conditions such as liver cirrhosis and HCC, has become 

pivotal in the prevention and treatment of liver diseases. 

Numerous studies have demonstrated that many natural 

product antioxidants exhibit high safety, efficacy, and 

stability in preventing or treating liver fibrosis in animal 

models. A series of oxidative stress signaling pathways, 

represented by the Nrf2 pathway, play a crucial bridging role 

in the therapeutic process of liver fibrosis by various natural 

product antioxidants. These natural products not only enhance 

the activity of SOD and GSH-Px but also reduce MDA levels, 

thereby exerting significant effects in combating oxidative 

stress. The signaling mechanisms regulated by natural product 

antioxidants are complex, and balancing redox states through 

crosstalk among multiple signaling pathways may represent a 

key direction for future research. In summary, oxidative stress 

plays a pivotal role in liver fibrosis, and natural product 

antioxidant therapy offers novel therapeutic strategies. Future 

research should further explore the mechanisms of action of 

these natural products and evaluate their potential and 

efficacy in the clinical treatment of liver fibrosis. 

References 
 

[1] Aranda-Rivera, A. K., Cruz-Gregorio, A., 

Arancibia-Hernández, Y. L., Hernández-Cruz, E. Y., & 

Pedraza-Chaverri, J. (2022). RONS and Oxidative Stress: 

An Overview of Basic Concepts. Oxygen, 2(4), 437-478. 

doi:10.3390/oxygen2040030 

[2] Helmut, Sies., Carsten, Berndt., Dean P, Jones.(2017). 

Oxidative Stress. Annu Rev Biochem, 86(0), 715-748. 

doi:10.1146/annurev-biochem-061516-045037 

[3] Abdolamir, Allameh., Reyhaneh, Niayesh-Mehr., 

Azadeh, Aliarab., Giada, Sebastiani., Kostas, 

Pantopoulos.(2023). Oxidative Stress in Liver 

Pathophysiology and Disease. Antioxidants (Basel), 

12(9). doi:10.3390/antiox12091653 

[4] Richard, Kehm., Tim, Baldensperger., Jana, Raupbach., 

Annika, Höhn.(2021). Protein oxidation - Formation 

mechanisms, detection and relevance as biomarkers in 

human diseases. Redox Biol, 42(0), 101901. 

doi:10.1016/j.redox.2021.101901 

[5] Agnieszka, Loboda., Milena, Damulewicz., Elzbieta, 

Pyza., Alicja, Jozkowicz., Jozef, Dulak.(2016). Role of 

Nrf2/HO-1 system in development, oxidative stress 

response and diseases: an evolutionarily conserved 

mechanism. Cell Mol Life Sci, 73(17), 3221-47. 

doi:10.1007/s00018-016-2223-0 

[6] Ilaria, Bellezza., Ileana, Giambanco., Alba, Minelli., 

Rosario, Donato.(2018). Nrf2-Keap1 signaling in 

oxidative and reductive stress. Biochim Biophys Acta 

Mol Cell Res, 1865(5), 721-733. 

doi:10.1016/j.bbamcr.2018.02.010 

[7] Longtai, You., Hulinyue, Peng., Jing, Liu., Mengru, Cai., 

Huimin, Wu., Zhiqin, Zhang., Jie, Bai., Yu, Yao., 

Xiaoxv, Dong., Xingbin, Yin., Jian, Ni.(2021). Catalpol 

Protects ARPE-19 Cells against Oxidative Stress via 

Activation of the Keap1/Nrf2/ARE Pathway. Cells, 

10(10), . doi:10.3390/cells10102635 

[8] Siddhi K, Jalmi., Alok K, Sinha.(2015). ROS mediated 

MAPK signaling in abiotic and biotic stress- striking 

similarities and differences. Front Plant Sci, 6(0), 769. 

doi:10.3389/fpls.2015.00769 

[9] Jia, He., Liting, Huang., Kaili, Sun., Jilang, Li., Shan, 

Han., Xiang, Gao., Qin-Qin, Wang., Shilin, Yang., Wen, 

Sun., Hongwei, Gao.(2024). Oleuropein alleviates 

myocardial ischemia-reperfusion injury by suppressing 

oxidative stress and excessive autophagy via 

TLR4/MAPK signaling pathway. Chin Med, 19(1), 59. 

doi:10.1186/s13020-024-00925-x 

[10] Deyamira, Matuz-Mares., Héctor, Vázquez-Meza., 

María Magdalena, Vilchis-Landeros.(2022). NOX as a 

Therapeutic Target in Liver Disease. Antioxidants 

(Basel), 11(10), . doi:10.3390/antiox11102038 

[11] Dongxia, Wang., Jiaying, Li., Gang, Luo., Juan, Zhou., 

Ning, Wang., Shanshan, Wang., Rui, Zhao., Xin, Cao., 

Yuxia, Ma., Gang, Liu., Liping, Hao.(2023). Nox4 as a 

novel therapeutic target for diabetic vascular 

complications. Redox Biol, 64(0), 102781. 

doi:10.1016/j.redox.2023.102781 

[12] Yuan, Nie., Qi, Liu., Wang, Zhang., Yipeng, Wan., 

Chenkai, Huang., Xuan, Zhu.(2021). Ursolic acid 

reverses liver fibrosis by inhibiting NOX4/NLRP3 

inflammasome pathways and bacterial dysbiosis. Gut 

128



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 7 s suVolume 8 Issue 3 2026    

    
 

               

                  
                 
                

       

Microbes, 13(1), 1972746. 

doi:10.1080/19490976.2021.1972746 

[13] Seung Kak, Shin., Kyung-Ok, Kim., Se-Hee, Kim., Oh 

Sang, Kwon., Cheol Soo, Choi., Sung Hwan, Jeong., 

Yun Soo, Kim., Ju Hyun, Kim., Myung-Hee, 

Chung.(2020). Exogenous 8-hydroxydeoxyguanosine 

ameliorates liver fibrosis through the inhibition of 

Rac1-NADPH oxidase signaling. J Gastroenterol 

Hepatol, 35(6), 1078-1087. doi:10.1111/jgh.14979 

[14] Xueqin, Zhu., Lei, Luo., Yanyan, Xiong., Nan, Jiang., 

Yurun, Wang., Yuan, Lv., Ying, Xie.(2021). VDAC1 

oligomerization may enhance DDP-induced hepatocyte 

apoptosis by exacerbating oxidative stress and 

mitochondrial DNA damage. FEBS Open Bio, 12(2), 

516-522. doi:10.1002/2211-5463.13359 

[15] Gracia-Sancho, J., Caparrós, E., Fernández-Iglesias, A., 

& Francés, R. (2021). Role of liver sinusoidal 

endothelial cells in liver diseases. Nature reviews 

Gastroenterology & hepatology, 18(6), 

411-431.doi:10.1038/s41575-020-00411-3 

[16] Poisson, J., Lemoinne, S., Boulanger, C., Durand, F., 

Moreau, R., Valla, D., & Rautou, P. E. (2017). Liver 

sinusoidal endothelial cells: Physiology and role in liver 

diseases. Journal of hepatology, 66(1), 

212-227.doi:10.1016/j.jhep.2016.07.009 

[17] Maria, Ruart., Laia, Chavarria., Genís, Campreciós., 

Nuria, Suárez-Herrera., Carla, Montironi., Sergi, 

Guixé-Muntet., Jaume, Bosch., Scott L, Friedman., Juan 

Carlos, Garcia-Pagán., Virginia, Hernández-Gea.(2018). 

Impaired endothelial autophagy promotes liver fibrosis 

by aggravating the oxidative stress response during 

acute liver injury. J Hepatol, 70(3), 458-469. 

doi:10.1016/j.jhep.2018.10.015 

[18] Dakota R, Kamm., Kyle S, McCommis.(2022). Hepatic 

stellate cells in physiology and pathology. J Physiol, 

600(8), 1825-1837. doi:10.1113/JP281061 

[19] Na, Xie., Run, Ma., Lian, Wang., Yuanhui, Shu., Ping, 

He., Yan, Zhou., Yining, Xiang., Yuping, Wang.(2024). 

Cannabidiol regulates the activation of hepatic stellate 

cells by modulating the NOX4 and NF-κB pathways. 

Food Chem Toxicol, 186(0), 114517. 

doi:10.1016/j.fct.2024.114517 

[20] Jae Sung, Lim., Sung Ho, Lee., Hyosuk, Yun., Da 

Young, Lee., Namki, Cho., Guijae, Yoo., Jeong Uk, 

Choi., Kwang Youl, Lee., Tran The, Bach., Su-Jin, Park., 

Young-Chang, Cho.(2023). Inhibitory Effects of Ehretia 

tinifolia Extract on the Excessive Oxidative and 

Inflammatory Responses in 

Lipopolysaccharide-Stimulated Mouse Kupffer Cells. 

Antioxidants (Basel), 12(10), . 

doi:10.3390/antiox12101792 

[21] Ayoung, Kim., Ja Hyun, Koo., Jung Min, Lee., Min 

Sung, Joo., Tae Hyun, Kim., Hyunsung, Kim., Dae Won, 

Jun., Sang Geon, Kim.(2022). NRF2-mediated SIRT3 

induction protects hepatocytes from ER stress-induced 

liver injury. FASEB J, 36(3), e22170. 

doi:10.1096/fj.202101470R 

[22] Hao, Ouyang., Hui, Miao., Zhen, Li., Duan, Wu., 

Si-Cheng, Gao., Yao-Yao, Dai., Xiao-Di, Gao., 

Hai-Sheng, Chai., Wei-Ye, Hu., Jun-Feng, Zhu.(2024). 

Yinhuang granule alleviates carbon 

tetrachloride-induced liver fibrosis in mice and its 

mechanism. World J Hepatol, 16(2), 264-278. 

doi:10.4254/wjh.v16.i2.264 

[23] Dimitri, Loureiro., Issam, Tout., Stéphanie, Narguet., 

Cheikh Mohamed, Bed., Morgane, Roinard., Ahmad, 

Sleiman., Nathalie, Boyer., Nathalie, Pons-Kerjean., 

Corinne, Castelnau., Nathalie, Giuly., Dorothy, Tonui., 

Vassili, Soumelis., Jamel, El Benna., Patrick, Soussan., 

Richard, Moreau., Valérie, Paradis., Abdellah, 

Mansouri., Tarik, Asselah.(2022). Mitochondrial stress 

in advanced fibrosis and cirrhosis associated with 

chronic hepatitis B, chronic hepatitis C, or nonalcoholic 

steatohepatitis. Hepatology, 77(4), 1348-1365. 

doi:10.1002/hep.32731 

[24] Zhang Hao, Zhang Yue, Zhao Wenwu & Zhang Jingge. 

(2020). PINK1/Parkin-mediated mitochondrial 

autophagy and its role in the pathogenesis of liver 

diseases. Journal of Clinical Hepatology, 36(07), 

1663-1665. 

[25] Jin-Zhong, Li., Ning, Chen., Nan, Ma., Min-Ran, 

Li.(2023). Mechanism and Progress of Natural Products 

in the Treatment of NAFLD-Related Fibrosis. 

Molecules, 28(23), . doi:10.3390/molecules28237936 

[26] Siyu, Li., Biqi, Han., Jiayi, Li., Zhanjun, Lv., Huijie, 

Jiang., Yunfeng, Liu., Xu, Yang., Jingjing, Lu., Zhigang, 

Zhang.(2024). Resveratrol Alleviates Liver Fibrosis 

Induced by Long-Term Inorganic Mercury Exposure 

through Activating the Sirt1/PGC-1α Signaling Pathway. 

J Agric Food Chem, 72(28), 15985-15997. 

doi:10.1021/acs.jafc.4c02349 

[27] Changyong, Lee., Sik, Yoon., Jeon-Ok, Moon.(2023). 

Kaempferol Suppresses Carbon Tetrachloride-Induced 

Liver Damage in Rats via the MAPKs/NF-κB and 

AMPK/Nrf2 Signaling Pathways. Int J Mol Sci, 24(8), . 

doi:10.3390/ijms24086900 

[28] Haotian, Ma., Shuaihang, Chen., Huaye, Xiong., Meng, 

Wang., Wei, Hang., Xiaoli, Zhu., Yubin, Zheng., 

Baosheng, Ge., Runzhi, Li., Hongli, Cui.(2020). 

Astaxanthin from Haematococcus pluvialis ameliorates 

the chemotherapeutic drug (doxorubicin) induced liver 

injury through the Keap1/Nrf2/HO-1 pathway in mice. 

Food Funct, 11(5), 4659-4671. doi:10.1039/c9fo02429h 

[29] Jingda, Li., Tianqi, Wang., Panpan, Liu., Fuyuan, Yang., 

Xudong, Wang., Weilong, Zheng., Wenlong, 

Sun.(2021). Hesperetin ameliorates hepatic oxidative 

stress and inflammation via the PI3K/AKT-Nrf2-ARE 

pathway in oleic acid-induced HepG2 cells and a rat 

model of high-fat diet-induced NAFLD. Food Funct, 

12(9), 3898-3918. doi:10.1039/d0fo02736g 

[30] Linpei, Wang., Anquan, Li., Yinhao, Liu., Shiyang, 

Zhan., Lei, Zhong., Youqin, Du., Dongyao, Xu., Wei, 

Wang., Weifeng, Huang.(2020). Genistein protects 

against acetaminophen-induced liver toxicity through 

augmentation of SIRT1 with induction of Nrf2 

signalling. Biochem Biophys Res Commun, 527(1), 

90-97. doi:10.1016/j.bbrc.2020.04.100 

[31] Zhiheng, Zhu., Renyue, Hu., Jidan, Li., Xiaoxiao, Xing., 

Jianxin, Chen., Qi, Zhou., Jingjun, Sun.(2021). 

Alpinetin exerts anti-inflammatory, anti-oxidative and 

anti-angiogenic effects through activating the Nrf2 

pathway and inhibiting NLRP3 pathway in carbon 

tetrachloride-induced liver fibrosis. Int 

Immunopharmacol, 96(0), 107660. 

doi:10.1016/j.intimp.2021.107660 

129



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 7 s suVolume 8 Issue 3 2026    

    
 

               

                  
                 
                

       

[32] Wei Dandan, Li Shanshan, Zhang Minghao, Wei Yurun, 

Wang Hongling, Chai Shuangshuang... & Wang Qingbo. 

(2024). Intervention Effects and Mechanisms of 

Lampion Flower Extract on Rats with Liver Fibrosis. 

Chinese Pharmacy, 35(06), 671-677. 

[33] Yongquan, Bai., Wenwen, Wang., Li, Wang., Lirong, 

Ma., Dongsheng, Zhai., Furong, Wang., Rui, Shi., 

Chaoyang, Liu., Qing, Xu., Guo, Chen., Zifan, 

Lu.(2021). Obacunone Attenuates Liver Fibrosis with 

Enhancing Anti-Oxidant Effects of GPx-4 and Inhibition 

of EMT. Molecules, 26(2), . 

doi:10.3390/molecules26020318 

[34] Shuoxi, Xu., Yonger, Chen., Jindian, Miao., Yuhua, Li., 

Jiaying, Liu., Jing, Zhang., Jian, Liang., Shuxian, Chen., 

Shaozhen, Hou.(2024). Esculin inhibits hepatic stellate 

cell activation and CCl(4)-induced liver fibrosis by 

activating the Nrf2/GPX4 signaling pathway. 

Phytomedicine, 128(0), 155465. 

doi:10.1016/j.phymed.2024.155465 

[35] Koji, Ishida., Kosuke, Kaji., Shinya, Sato., Hiroyuki, 

Ogawa., Hirotetsu, Takagi., Hiroaki, Takaya., Hideto, 

Kawaratani., Kei, Moriya., Tadashi, Namisaki., Takemi, 

Akahane., Hitoshi, Yoshiji.(2021). Sulforaphane 

ameliorates ethanol plus carbon tetrachloride-induced 

liver fibrosis in mice through the Nrf2-mediated 

antioxidant response and acetaldehyde metabolization 

with inhibition of the LPS/TLR4 signaling pathway. J 

Nutr Biochem, 89(0), 108573. 

doi:10.1016/j.jnutbio.2020.108573 

[36] Chenxu, Ge., Jun, Tan., Deshuai, Lou., Liancai, Zhu., 

Zixuan, Zhong., Xianling, Dai., Yan, Sun., Qin, Kuang., 

Junjie, Zhao., Longyan, Wang., Jin, Liu., Bochu, Wang., 

Minxuan, Xu.(2022). Mulberrin confers protection 

against hepatic fibrosis by Trim31/Nrf2 signaling. 

Redox Biol, 51(0), 102274. 

doi:10.1016/j.redox.2022.102274 

[37] Guangwen, Shu., Arslan, Yusuf., Chenxi, Dai., Hui, 

Sun., Xukun, Deng.(2021). Piperine inhibits AML-12 

hepatocyte EMT and LX-2 HSC activation and 

alleviates mouse liver fibrosis provoked by CCl(4): roles 

in the activation of the Nrf2 cascade and subsequent 

suppression of the TGF-β1/Smad axis. Food Funct, 

12(22), 11686-11703. doi:10.1039/d1fo02657g 

[38] Hongmei, Chang., Li, Li., Yaxin, Deng., Guanling, 

Song., Yan, Wang.(2023). Protective effects of lycopene 

on TiO(2) nanoparticle-induced damage in the liver of 

mice. J Appl Toxicol, 43(6), 913-928. 

doi:10.1002/jat.4433 

[39] Yuanyuan, Wang., Shaozhan, Wang., Rong, Wang., 

Shengnan, Li., Yongfang, Yuan.(2021). Neferine Exerts 

Antioxidant and Anti-Inflammatory Effects on Carbon 

Tetrachloride-Induced Liver Fibrosis by Inhibiting the 

MAPK and NF-κB/IκBα Pathways. Evid Based 

Complement Alternat Med, 2021(0), 4136019. 

doi:10.1155/2021/4136019 

[40] Shahla, Asadizade., Mahdi, Hatami., Samaneh, 

Salehipour Bavarsad., Benyamin, Kabizade., Elham, 

Shakerian., Mojtaba, Rashidi.(2024). Curcumin 

Modulates NOX Gene Expression and ROS Production 

via P-Smad3C in TGF-β-Activated Hepatic Stellate 

Cells. Iran Biomed J, 28(1), 31-7. doi:10.61186/ibj.4005 

[41] Xiaowen, Bao., Jiaqi, Li., Chaoxing, Ren., Jingxun, Wei., 

Xuanzhao, Lu., Xiaoxuan, Wang., Wei, Du., Xin, Jin., 

Beiting, Ma., Qi, Zhang., Bo, Ma.(2022). Aucubin 

ameliorates liver fibrosis and hepatic stellate cells 

activation in diabetic mice via inhibiting ER 

stress-mediated IRE1α/TXNIP/NLRP3 inflammasome 

through NOX4/ROS pathway. Chem Biol Interact, 

365(0), 110074. doi:10.1016/j.cbi.2022.110074 

[42] Randa A, Zaghloul., Ahmed M, Zaghloul., Dalia H, 

El-Kashef.(2022). Hepatoprotective effect of Baicalin 

against thioacetamide-induced cirrhosis in rats: 

Targeting NOX4/NF-κB/NLRP3 inflammasome 

signaling pathways. Life Sci, 295(0), 120410. 

doi:10.1016/j.lfs.2022.120410 

[43] Eun Hye, Lee., Su Youn, Baek., Ji Young, Park., Young 

Woo, Kim.(2020). Emodin in Rheum undulatum inhibits 

oxidative stress in the liver via AMPK with Hippo/Yap 

signalling pathway. Pharm Biol, 58(1), 333-341. 

doi:10.1080/13880209.2020.1750658 

[44] Tao, Sun., Saifei, Li., Xiaoying, Li., Yanfei, Lei., 

Baoying, Wang., Xianghua, Liu., Shanfa, Yu., Ningning, 

Li.(2024). Apigenin intervenes in liver fibrosis by 

regulating PKM2-HIF-1α mediated oxidative stress. 

Biochem Biophys Res Commun, 721(0), 150130. 

doi:10.1016/j.bbrc.2024.150130 

130


