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Introduction: An imbalance between aggressive forces and mucosal defence 

mechanisms causes the destruction of gastric mucosal integrity, which is the 

hallmark of gastric ulceration, a frequent gastrointestinal illness. A common 

research model that results in acute oxidative stress, inflammation, and 

vascular damage is ethanol-induced stomach injury. Potential therapeutic 

relevance of organic compounds with multiple-target actions, which include 

mogrosides-cucurbitane-type triterpenoid glycosides produced from Siraitia 

grosvenorii (Monk fruit), in the treatment of stomach ulcers has drawn growing 

attention. Significantly, recent research indicates that mogrosides have a safe 

profile for possible therapeutic usage and are well-tolerated with minor side 

effects. 

Methods: Electronic databases such as PubMed, Scopus, Web of Science, and 

Google Scholar were used to conduct a thorough literature assessment.                                      

Results & Discussion: Preclinical investigations show that mogrosides defend 

stomach tissue by regulating oxidative stress, inflammation, and apoptotic 

pathways, which can increase confidence in their therapeutic potential. By 

blocking the NF-κB pathway and lowering pro-inflammatory cytokines, 

including TNF-α, IL-1β, and IL-6, they also reduce inflammation.Furthermore, 

mogrosides protect gastric epithelial cells by preventing caspase activation and 

enhancing the Bcl-2/Bax ratio, which controls apoptosis. However, the 

majority of research is preclinical, and clinical trials are required to verify 

safety and efficacy in humans, indicating a research gap. 
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INTRODUCTION 

Gastric ulcers are a global health concern, contributing significantly to morbidity and health care expenditure worldwide 

[1]. Recent estimates suggest that peptic ulcers affect approximately 4 million people globally each year, with evidence 

rates from 0.1-0.3% in the general population [2]. Gastric ulcers arise when the balance between aggressive factors such 

as gastric acid, pepsin, alcohol, nonsteroidal anti-inflammatory drugs, Helicobacter pylori infection, reactive oxygen 

species, and protective mechanisms that maintain mucosal integrity is disrupted [3,4]. The gastric mucosal barrier is a 

highly organised defence system composed of a mucus-bicarbonate layer, tightly regulated epithelial cells, adequate 

mucosal blood flow, prostaglandin synthesis, nitric oxide production, and endogenous antioxidant enzymes [5]. When this 

equilibrium is disturbed, mucosal cell injury occurs, characterized by epithelial erosion, inflammation, hemorrhage, and, 

in severe cases, ulceration [6]. 

 

Among the experimental models used to study gastric ulcerogenesis, ethanol-induced gastric mucosal injury is widely 

accepted for its reproducibility and mechanistic relevance [7]. Ethanol causes acute and severe damage to the gastric 

mucosa through multiple interrelated pathways. It disrupts the lipid bilayer of epithelial cell membranes, increasing 

permeability and leading to cell necrosis [8, 9]. 
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Ethanol also reduces gastric mucus secretion and impairs prostaglandin synthesis, weakening mucosal defence. More 

importantly, ethanol exposure markedly increases oxidative stress within the gastric mucosa, as evidenced by the excessive 

production of reactive oxygen species (ROS), including superoxide anion and hydroxyl radicals [10, 11]. These reactive 

species initiate lipid peroxidation, leading to the formation of malondialdehyde (MDA) and destabilizing cell membranes. 

Concurrently, ethanol depletes endogenous antioxidants such as reduced glutathione (GSH) and diminishes the activity of 

key antioxidant enzymes, including superoxide dismutase (SOD) and catalase (CAT) [12, 13, and 14].  

 

Inflammation further amplifies ethanol-induced injury. Ethanol activates redox-sensitive transcription factors such as 

nuclear factor-kappa B (NF-κB), which promotes the expression of pro-inflammatory cytokines, including tumor necrosis 

factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6) [15, 16]. These mediators enhance neutrophil 

infiltration, increase vascular permeability, and exacerbate tissue damage. Additionally, mitochondrial dysfunction 

triggered by oxidative stress activates apoptotic pathways via Bax upregulation, Bcl-2 downregulation, and caspase 

activation [17]. Thus, ethanol-induced gastric injury is a multifactorial process involving oxidative stress, inflammation, 

vascular impairment, and apoptosis [18]. 

 

Conventional pharmacological treatments for gastric ulcers, including proton pump inhibitors (PPIs), H2-receptor 

antagonists, and mucosal-protective agents, have significantly improved patient outcomes [19, 20]. However, long-term 

use of acid-suppressive drugs is associated with adverse effects such as nutrient malabsorption, altered gut microbiota, 

increased susceptibility to infections, and potential renal and metabolic complications [21]. Moreover, these therapies 

primarily target acid secretion and may not adequately address oxidative and inflammatory components of mucosal injury. 

This has prompted increasing interest in natural products with multi-target mechanisms of action, particularly those 

possessing antioxidant and anti-inflammatory properties [22, 23]. 

 

Medicinal plants have long served as sources of therapeutic agents for gastrointestinal disorders. Phytochemicals such as 

flavonoids, phenolic acids, terpenoids, and glycosides have demonstrated significant gastroprotective effects in 

experimental models [24, 25]. These compounds can scavenge free radicals, enhance endogenous antioxidant defences, 

suppress inflammatory signalling pathways, increase mucus production, and promote prostaglandin-mediated 

cytoprotection [26]. The integration of traditional knowledge with modern pharmacological research has led to the 

identification of promising plant-derived compounds for the prevention and treatment of ulcers. Notably, monk fruit 

(Siraitia grosvenorii) has been valued in traditional medicine for its gastrointestinal benefits and such historical applications 

[27, 28]. 

 

Siraitia grosvenorii, commonly known as monk fruit or Luo Han Guo, is a perennial vine native to southern China and 

traditionally used in Chinese medicine for respiratory and gastrointestinal ailments [29].  The fruit is widely known as a 

natural, non-caloric sweetener due to its high content of mogrosides, cucurbitane-type triterpenoid glycosides that impart 

intense sweetness. Among these, mogroside V is the most abundant and pharmacologically active component [30, 31]. 

Beyond their sweetening properties, mogrosides possess significant biological activities, including antioxidant, anti-

inflammatory, anti-apoptotic, and immunomodulatory effects [32]. 

 

Emerging studies indicate that mogrosides exhibit potent free-radical-scavenging activity and enhance endogenous 

antioxidant enzyme systems. They have been shown to reduce lipid peroxidation, increase glutathione levels, and activate 

the Nrf2/ARE signalling pathway, which regulates the expression of cytoprotective enzymes, including heme oxygenase-

1 (HO-1). In addition, mogrosides modulate inflammatory pathways by inhibiting NF-κB activation and suppressing pro-

inflammatory cytokine production [33].  

 

Based on these properties,the current review explained, mogrosides may effectively counteract the oxidative and 

inflammatory mechanisms underlying ethanol-induced gastric mucosal injury.Furthermore, the triterpenoid structure of 

mogrosides is noteworthy, as triterpenoids from other medicinal plants have demonstrated significant gastroprotective 

activity by enhancing mucosal defence mechanisms. 
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Figure1: Mogrosides from Siraitia grosvenorii reduce oxidative stress(ROS, SOD, CAT, and GSH) and inhibit 

inflammation (NF-κB, TNF-, IL-1β, AND IL-6) to prevent ethanol-induced stomach damage. 

 

MECHANISM OF MOGROSIDE-MEDIATED GASTRIC PROTECTION 

Antioxidant Mechanism 

Oxidative stress is a pivotal event in ethanol-induced gastric mucosal injury and represents one of the earliest and most 

destructive pathological processes. Ethanol exposure leads to excessive generation of reactive oxygen species (ROS), 

including superoxide anions (O2⁻), hydroxyl radicals (OH), and hydrogen peroxide (H2O2). These reactive molecules 

initiate lipid peroxidation, protein oxidation, DNA damage, mitochondrial dysfunction, and ultimately epithelial cell 

death[34]. Therefore, attenuations are a critical therapeutic strategy for preventing gastric ulcer formation. Mogroside, 

derived from Siraitia grosvenorii, exhibits potent antioxidant actions through multiple complementary mechanisms that 

collectively restore redox balance and protect gastric tissue [35, 36]. 

 

Direct free radical scavenging 

 Mogrosides possess a highly oxygenated cucurbitane-type triterpenoid backbone with multiple hydroxyl groups that 

contribute to their electron-donating capacity. Their structural configuration enables direct neutralization of free radicals 

by donating hydrogen atoms or electrons, thereby stabilizing reactive species. Experimental studies have demonstrated that 

mogroside effectively scavenges superoxide anions and hydroxyl radicals, which are particularly damaging in ethanol-

induced injury. By limiting radical propagation reactions, mogroside reduces oxidative chain reactions that compromise 

membrane integrity and cellular viability [37, 38, and 39] 

 

Inhibition of Lipid Peroxidation 

Lipid peroxidation is a hallmark of ethanol-induced gastric damage and is commonly assessed by measuring 

malondialdehyde(MDA), a secondary byproduct of polyunsaturated fatty acid oxidation. Elevated MDA levels reflect 

membrane disruption and cellular injury. Mogroside administration has been associated with a significant reduction in 

gastric MD level, indicating suppression of lipid peroxidation [40]. This protective effect preserves phospholipid membrane 

stability,maintains epithelial barrier function, and prevents leakage of intercellular components by stabilizing cellular 

membranes [41].  

 

Enhancement of endogenous antioxidant defence systems 

Beyond direct radical scavenging, mogroside enhances endogenous antioxidant defences.Ethanol exposure typically 

depletes reduced glutathione (GSH) and decreases the activities of antioxidant enzymes, including superoxide dismutase 

(SOD) and catalase (CAT). These enzymes are essential for detoxifying reactive oxygen species (ROS) and maintaining 

intercellular redox homeostasis(42). Mogrosides have been shown to restore GSH levels and increase SOD and CAT 

activities in experimental models, thereby reinforcing intrinsic cellular defence mechanisms. The replenishment of GSH is 
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particularly important because glutathione plays a central role in detoxification, maintains thiol status, and protects against 

oxidative mitochondrial damage(43). 

 

 
Figure 2:Schematic of antioxidant action of mogrosides in the mitochondrial ETC, where electron leakage 

generates ROS (O₂•⁻). SOD converts O₂•⁻ to H₂O₂, which is reduced to water by GPx using GSH. 

 

Activation of the Nrf2/ARE Signalling Pathway 

A critical molecular mechanism underlying mogroside-mediated antioxidant effects involves activation of the nuclear 

factor erythroid 2-related factor 2 (Nrf2) pathway. Under basal conditions, Nrf2 remains bound to its cytoplasmic inhibitor 

Keap1 and is targeted for proteasome degradation. Oxidative stress or electrophilic compounds disrupt the Nrf2-Keap1 

complex, allowing Nrf2 to translocate into the nucleus. Once in the nucleus, Nrf2 binds to antioxidant response elements 

(AREs) in the promoters of cytoprotective genes, initiating transcription of antioxidant and phase II detoxifying enzymes. 

Mogrosides appear to facilitate Nrf2 activation by either modulating redox-sensitive cysteine residues of Keap1 or 

influencing upstream kinases that regulate Nrf2 stability(44). Activation of Nrf2 leads to upregulation of several antioxidant 

enzymes, including: 

• Heme oxygenase-1 (HO-1) 

• NAD(P)H: quinone oxidoreductase 1 (NQO1) 

• Glutamate-cysteine ligase (GCL) is involved in GSH synthesis 

• Superoxide dismutase and catalase 

HO-1 induction is particularly relevant in gastric protection. HO-1 catalyses the degradation of heme into biliverdin, free 

iron, and carbon monoxide, molecules that possess antioxidant, anti-inflammatory, and cytoprotective properties. Through 

Nrf2-mediated HO-1 activation, mogrosides not only reduce oxidative burden but also enhance mucosal resilience against 

subsequent injury(45). 

 

 
Figure 3: Illustration of mogrosides-induced activation of the Nrf2-Keap1 pathway. Disruption of the Keap1-Nrf2 

complex prevents Nrf2 degradation, enabling nucleartranslocation and induction of antioxidant genes (HO-

1,NQO1, SOD, and GPx) 
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Preservation of Mitochondrial Function 

Mitochondria are both major sources and primary targets of ROS during ethanol-induced injury. Excessive oxidative stress 

disrupts mitochondrial membrane potential, leading to cytochrome c release and activation of apoptosis (46). By limiting 

ROS generation and enhancing antioxidant defences, mogrosides preserve mitochondrial integrity and prevent redox-

driven apoptosis. Maintenance of mitochondrial function is essential for sustaining cellular ATP production and epithelial 

regeneration(47). 

 

Integrated Redox Modulation 

Importantly, mogrosides do not merely act as passive antioxidants but also modulate cellular redox signalling. By restoring 

oxidative balance, they interrupt the feed-forward cycle in which ROS activate inflammatory pathways such as NF-κB, 

further amplifying tissue damage. Thus, the antioxidant activity of mogrosides indirectly contributes to their anti-

inflammatory and anti-apoptotic effects, demonstrating a coordinated protective mechanism(48). 

 

In summary, mogrosides exert robust antioxidant effects through direct radical scavenging, inhibition of lipid peroxidation, 

restoration of endogenous antioxidant systems, activation of the Nrf2/ARE signalling pathway, and preservation of 

mitochondrial function. These integrated mechanisms position mogrosides as promising natural agents for attenuating 

oxidative stress–mediated gastric mucosal injury in ethanol-induced ulcer models(49). 

 

Anti-Inflammatory Effects 

Inflammation is a central amplifier of ethanol-induced gastric mucosal injury and closely interacts with oxidative stress to 

exacerbate tissue damage. Ethanol exposure activates redox-sensitive transcription factors, particularly nuclear factor-

kappa B (NF-κB), which plays a pivotal role in orchestrating inflammatory gene expression (50). Under basal conditions, 

NF-κB remains sequestered in the cytoplasm by its inhibitor NF-κB. Ethanol-induced oxidative stress promotes 

phosphorylation and degradation of NF-κB, allowing NF-κB to translocate into the nucleus and initiate transcription of 

pro-inflammatory cytokines, chemokines, and enzymes (51). 

 

Mogrosides have demonstrated the capacity to modulate this inflammatory cascade at multiple levels. One primary 

mechanism involves inhibition of NF-κB nuclear translocation(51). By suppressing upstream signalling pathways-possibly 

through redox modulation or inhibition of IKK activation–mogrosides prevent NF–κB–mediated transcription of 

inflammatory genes. This regulatory effect limits the amplification of inflammatory responses within the gastric 

mucosa(52). 

 

Consequently, mogroside treatment has been associated with reduced production of key pro-inflammatory cytokines, 

including tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and interleukin-1 beta (IL-1β).These cytokines are 

critical mediators of mucosal damage, as they enhance vascular permeability, recruit immune cells, and perpetuate 

oxidative injury. By attenuating cytokine release, mogrosides help to limit inflammatory cell infiltration and secondary 

tissue destruction (53). 

 

In addition, mogrosides suppress the expression of inducible enzymes such as cyclooxygenase-2 (COX-2) and inducible 

nitric oxide synthase (iNOS)(55).COX-2 overexpression contributes to excessive prostanoid production and inflammation, 

while iNOS produces high levels of nitric oxide, which can react with superoxide to form peroxynitrite, a highly cytotoxic 

reactive nitrogen species. Inhibition of COX-2 and iNOS reduces nitrosative stress and inflammatory burden (56). 

 

Another significant aspect of mogroside-mediated protection is the reduction of neutrophil infiltration. Activated 

neutrophils release myeloperoxidase (MPO), proteolytic enzymes, and additional ROS, which intensify mucosal 

injury(57). By decreasing cytokine-mediated chemotaxis and adhesion molecule expression, mogrosides limit neutrophil 

accumulation and associated oxidative damage (58).  

 

Overall, through coordinated suppression of NF-κB signalling, cytokine production, inflammatory enzyme expression, and 

immune cell infiltration, mogrosides attenuate the inflammatory cascade and prevent progression of ethanol-induced gastric 

lesions (57). 

 

Enhancement of Mucosal Defence   

The gastric mucosal barrier is maintained by a sophisticated defence system that includes mucus secretion, bicarbonate 

production, prostaglandin-mediated cytoprotection, and adequate microcirculation (59). Ethanol compromises these 

defences by reducing mucus content, impairing prostaglandin synthesis, and disrupting mucosal blood flow. Restoration 

of these protective mechanisms is therefore essential for effective gastroprotection (60). 

 

Mogrosides may enhance mucosal defence by stimulating mucus secretion and increasing the content of gastric mucosal 

glycoproteins (61).The mucus layer serves as a physical barrier that prevents back-diffusion of hydrogen ions and shields 

epithelial cells from direct contact with luminal irritants. Enhancing glycoprotein synthesis strengthens this barrier and 

improves mucosal resilience to ethanol-induced disruption (62). 
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Prostaglandins, particularly prostaglandin E₂ (PGE₂), are crucial mediators of gastric cytoprotection. They regulate mucus 

and bicarbonate secretion, maintain mucosal blood flow, and promote epithelial regeneration (63). Ethanol decreases 

prostaglandin synthesis by inhibiting cyclooxygenase activity and damaging epithelial cells. Mogrosides may indirectly 

support prostaglandin production either by reducing oxidative damage to prostaglandin-synthesizing enzymes or by 

modulating COX activity toward a protective balance. Improved prostaglandin signalling enhances mucosal repair and 

barrier stability (64). 

 

Furthermore, adequate mucosal blood flow is critical for oxygen delivery, nutrient supply, and removal of toxic metabolites. 

Ethanol-induced vascular damage leads to ischemia and haemorrhagic lesions. Through antioxidant and anti-inflammatory 

actions, mogrosides may preserve endothelial function and microcirculatory integrity, thereby sustaining mucosal perfusion 

(65). Enhanced blood flow facilitates rapid epithelial restitution and prevents the progression of superficial lesions into 

deeper ulcers (66). 

 

By reinforcing the structural and biochemical components of mucosal defence, mogrosides strengthen the gastric barrier 

and provide a first line of protection against ethanol-mediated injury (67). 

 

2.9. Anti-Apoptotic and Cytoprotective Actions 

Apoptosis is a significant contributor to ethanol-induced loss of gastric epithelial cells. Excessive oxidative stress and 

inflammatory signalling disrupt mitochondrial function, thereby activating the intrinsic apoptotic pathway (68). Ethanol 

increases the expression of pro-apoptotic proteins, such as Bax, while decreasing the expression of anti-apoptotic proteins, 

such as Bcl-2. This imbalance promotes mitochondrial outer membrane permeabilization, cytochrome c release, and 

activation of downstream caspases, particularly caspase-3, culminating in programmed cell death (69). 

 

Mogrosides exert cytoprotective effects by modulating these apoptotic pathways. They downregulate pro-apoptotic Bax 

and upregulate anti-apoptotic Bcl-2, thereby restoring the Bax/Bcl-2 ratio toward cell survival. This shift stabilizes 

mitochondrial membranes and prevents the release of cytochrome c (70).  

 

Additionally, mogrosides inhibit caspase-3 activation, the key executioner enzyme responsible for DNA fragmentation and 

cellular dismantling. Suppression of caspase activation interrupts the apoptotic cascade and preserves epithelial integrity 

(71). Preservation of mitochondrial membrane potential is another crucial mechanism. By limiting oxidative stress and 

maintaining mitochondrial stability, mogrosides sustain ATP production and prevent energy depletion (72). This is 

particularly important in gastric epithelial cells, where rapid turnover and repair processes require an adequate energy 

supply. 

 

Beyond inhibiting apoptosis, mogrosides may also provide cytoprotection by stimulating cellular repair pathways and 

maintaining tight junction integrity, although these mechanisms require further investigation. 

 

Collectively, the anti-apoptotic and cytoprotective actions of mogrosides ensure survival of gastric epithelial cells, prevent 

structural breakdown, and facilitate mucosal recovery following ethanol exposure (74). 

 

Preclinical Evidence 

Although studies specifically investigating purified mogrosides in ethanol-induced gastric ulcer models remain relatively 

limited, accumulating preclinical evidence from monk fruit extracts enriched in mogroside V strongly supports their 

gastroprotective potential (74). Experimental investigations using ethanol-induced ulcer models in rodents have 

consistently demonstrated significant attenuation of gastric mucosal injury following treatment with monk fruit extracts, 

suggesting that mogrosides are likely the principal bioactive constituents responsible for these protective effects (75). 

  

One of the most consistently reported findings is a significant reduction in ulcer index. Animals pre-treated with monk fruit 

extract exhibit markedly smaller lesion areas and fewer erosive bands compared to untreated ethanol-exposed controls. 

Macroscopic examination typically reveals decreased severity and extent of haemorrhagic streaks, indicating effective 

protection against acute mucosal damage (76). 

 

In addition to lowering the ulcer index, monk fruit extract treatment has been associated with reduced haemorrhagic lesions 

and oedema formation. Ethanol-induced injury is characterized by vascular congestion, increased permeability, and 

submucosal bleeding. The attenuation of these vascular disturbances suggests preservation of microcirculatory integrity, 

likely secondary to antioxidant and anti-inflammatory actions (77). 

 

Biochemically, significant reductions in malondialdehyde (MDA) levels have been observed in gastric tissue following the 

administration of the extract. Since MDA is a reliable marker of lipid peroxidation, its decrease indicates suppression of 

oxidative membrane damage. This finding aligns with the proposed free radical-scavenging activity of mogrosides and 

supports their role in mitigating oxidative stress (78). 
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Furthermore, monk fruit extract has been shown to enhance endogenous antioxidant defence systems. Studies report 

increasedactivity of superoxide dismutase (SOD) and catalase (CAT), along with restoration of reduced glutathione (GSH) 

levels in gastric tissue. These improvements reflect reinforcement of intrinsic cellular antioxidant capacity, which is 

typically compromised by ethanol exposure. Restoration of redox homeostasis plays a central role in preventing progression 

from superficial mucosal injury to deeper ulceration (79). 

 

Histopathological analyses provide additional confirmation of gastroprotection. Compared to ethanol-treated controls, 

animals receiving monk fruit extract demonstrate improved mucosal architecture, reduced epithelial exfoliation, decreased 

inflammatory cell infiltration, minimal submucosal oedema, and preservation of glandular structures. The maintenance of 

structural integrity at the microscopic level further supports the cytoprotective properties of mogroside-rich preparations 

(80). 

 

Comparative Advantages of Mogrosides 

Mogrosides derived from Siraitia grosvenorii offer several distinct advantages over conventional anti-ulcer therapies, 

primarily due to their multi-target pharmacological profile and favourable safety characteristics. Unlike standard treatments 

that predominantly focus on gastric acid suppression, mogrosides exert protective effects across multiple pathogenic 

pathways involved in ethanol-induced ulcerogenesis (81). To clarify this comparative advantage,Table 1 provides a 

numerical overview contrasting the multi-target actions of mogrosides with the predominantly single-target mechanism of 

proton pump inhibitors (PPIs), highlighting the broader spectrum of protective effects afforded by mogrosides (82). 

 

Table 1: Comparison of gastroprotective effects of mogrosides from Siraitia grosvenorii and proton pump 

inhibitors (PPIs) in ethanol-induced gastric ulcers. 

Parameter Mogrosides (from Siraitia grosvenorii) Proton Pump Inhibitors 

(PPIs) 

Primary 

Mechanism 

Multi-target pharmacological action Inhibition of H⁺/K⁺-ATPase  

Target Pathways ROS scavenging, Nrf2 activation, NF-κB inhibition, 

mucus protection 

Gastric acid secretion only 

Oxidative Stress ↓ Lipid peroxidation, ↓ ROS Indirect/minimal effect 

Inflammation ↓ TNF-α, IL-6, NF-κB signalling  Limited anti-inflammatory 

action 

Mucosal Defence ↑ Mucus secretion, ↑ prostaglandins No direct enhancement 

Apoptosis 

Regulation 

Anti-apoptotic (↓ Bax, ↑ Bcl-2) Not significant 

Healing Effect Promotes mucosal repair and regeneration Supports healing via acid 

reduction 

Onset of Action Moderate Rapid 

Side Effects Minimal, natural compound Long-term risks  

Therapeutic Scope Broad (multi-pathway protection) Narrow (acid suppression) 

 

Multifactorial Mechanism of Action 

One of the most significant advantages of mogrosides is their multifactorial mechanism of action. Ethanol-induced gastric 

injury is not solely an acid-mediated condition but rather a complex interplay of oxidative stress, inflammation, vascular 

impairment, and apoptosis(83). They directly scavenge reactive oxygen species, activate endogenous antioxidant pathways 

such as Nrf2/ARE, inhibit NF-κB–mediated inflammatory signalling, enhance mucosal defence factors, and suppress 

mitochondrial apoptotic cascades. This broad-spectrum activity enables mogrosides to intervene at multiple stages of ulcer 

development, providing comprehensive mucosal protection rather than targeting a single pathogenic factor (84). 

 

Natural Origin with Low Reported Toxicity 

Mogrosides are naturally occurring phytochemicals widely found in monk fruit, a commonly used non-caloric sweetener. 

Toxicological evaluations have generally reported a favourable safety profile, with low acute and chronic toxicity in 

experimental studies (85). The long-standing traditional use of monk fruit in herbal medicine further supports its 

tolerability. In contrast, prolonged use of proton pump inhibitors (PPIs) and H2 receptor antagonists has been associated 

with adverse effects such as altered nutrient absorption, increased infection risk, and potential renal complications. The 

natural origin and relatively low toxicity of mogrosides enhance their appeal as adjunctive or preventive therapeutic agents 

(86). 

 

Water Solubility and Formulation Advantages 

Structurally, mogrosides contain multiple glyosidic moieties that confer high water solubility. This physicochemical 

property facilitates formulation into aqueous preparations, including oral solutions, syrups, and functional beverages (87). 

Water solubility may also enhance bioavailability within the gastric lumen, allowing direct interaction with the mucosal 
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surface during ethanol exposure. From a pharmaceutical perspective, improved solubility simplifies dosage standardisation 

and the development of controlled-release systems (88). 

 

Synergistic Antioxidant and Anti-Inflammatory Effects 

A notable strength of mogrosides lies in their synergistic modulation of oxidative and inflammatory pathways. Oxidative 

stress and inflammation are tightly interconnected processes in gastric ulcerogenesis. Reactive oxygen species activate NF-

κB signalling, which in turn amplifies inflammatory cytokine production and further ROS generation (89). By 

simultaneously reducing oxidative stress and suppressing inflammatory mediators, mogrosides interrupt this feed-forward 

cycle. This dual regulatory action enhances therapeutic efficacy and may reduce the likelihood of recurrent mucosal injury 

(38). 

 

Comparison with Conventional Anti-Ulcer Therapies 

Conventional anti-ulcer medications, particularly PPIs and H2 receptor antagonists, primarily act by reducing gastric acid 

secretion. While effective in acid-related ulcers, these drugs do not directly address oxidative damage, inflammatory 

cascades, or apoptotic pathways triggered by chemical irritants such as ethanol. Cytoprotective agents, such as sucralfate, 

provide surface protection but lack systemic antioxidant or anti-inflammatory activity (90). 

 

In contrast, mogrosides target the oxidative and inflammatory mechanisms central to ethanol-induced mucosal injury. 

Rather than merely reducing luminal acidity, they reinforce intrinsic cellular defences, preserve epithelial integrity, and 

promote mucosal repair. This broader mechanism of action suggests potential utility not only in ulcer treatment but also in 

preventing gastric mucosal injury under oxidative stress conditions (91). 

 

Advantages of Monk Fruit (Siraitia grosvenorii) as a Therapeutic Candidate 

Monk fruit (Siraitia grosvenorii) possesses several pharmacological and practical attributes that make it a promising 

therapeutic candidate for gastric mucosal protection and broader gastrointestinal applications (92). Its advantages extend 

beyond the activity of isolated mogrosides, as the whole fruit contains a spectrum of bioactive compounds that may exert 

synergistic effects. 

 

Rich Source of Bioactive Phytochemicals 

Monk fruit contains high concentrations of mogrosides, particularly mogroside V, along with flavonoids, phenolic 

compounds, and polysaccharides. This phytochemical diversity supports multiple biological activities, including 

antioxidant, anti-inflammatory, anti-apoptotic, and immunomodulatory effects. The presence of multiple active constituents 

may provide synergistic protection against oxidative and inflammatory gastric injury (93). 

 

Multifunctional Pharmacological Profile 

Unlike single-target synthetic drugs, monk fruit exhibits broad pharmacological activity. Its constituents can modulate 

oxidative stress (via Nrf2 activation), suppress inflammatory signalling (via NF-κB inhibition), enhance mucosal defences, 

and protect against mitochondrial dysfunction. This multi-target approach is particularly advantageous in complex 

conditions such as ethanol-induced gastric injury, where several pathogenic mechanisms operate simultaneously (94). 

 

Natural Origin and Traditional Use 

Monk fruit has been used for centuries in traditional Chinese medicine for respiratory and gastrointestinal ailments. Its long 

history of human consumption supports its safety and tolerability. As a natural product widely consumed as a non-caloric 

sweetener, monk fruit enjoys strong public acceptance, which may facilitate translational application as a nutraceutical or 

functional therapeutic (87). 

 

Favourable Safety Profile 

Toxicological studies have generally reported low acute and chronic toxicity of monk fruit extracts. Unlike long-term use 

of proton pump inhibitors or NSAIDs, monk fruit has not been associated with major systemic adverse effects in preclinical 

evaluations (95). This favourable safety margin supports its potential use in both preventive and therapeutic settings (96). 

 

Antioxidant Potency 

Monk fruit exhibits strong free radical–scavenging activity, often comparable to established natural antioxidants. By 

reducing lipid peroxidation and restoring endogenous antioxidant enzyme activity, monk fruit directly addresses oxidative 

stress, a central mechanism in ethanol-induced gastric injury (97).  

 

Anti-Inflammatory Properties 

By modulating inflammatory mediators such as TNF-α, IL-1β, and IL-6, monk fruit reduces amplification of 

inflammationin gastric tissue. Its ability to suppress COX-2 and iNOS expression further contributes to the reduction of 

inflammatory and nitrosative stress (98).  
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Water Solubility and Formulation Flexibility 

The glyosidic nature of mogrosides confers high water solubility, facilitating formulation into oral solutions, syrups, 

capsules, and functional beverages. This enhances bioavailability within the gastric lumen and simplifies pharmaceutical 

development. The fruit can be administered as juice, an extract, or a purified compound, depending on therapeutic goals 

(99). 

 

Potential for Synergistic Therapy 

Monk fruit may complement conventional anti-ulcer drugs by addressing oxidative and inflammatory components that 

acid-suppressive therapies do not directly target. It may therefore serve as an adjunct therapy, potentially reducing required 

doses of synthetic drugs and minimising side effects(100). 

 

Nutraceutical and Functional Food Potential 

Given its established use as a natural sweetener, monk fruit has strong potential as a functional food ingredient. Its 

incorporation into dietary formulations could provide preventive gastroprotective benefits, particularly in individuals 

exposed to alcohol, stress, or NSAIDs. Mogroside exhibits anti-inflammatory and antioxidant activities that help protect 

the gastrointestinal mucosal membrane. 

 

 
Figure 4: Schematic representation of the multifunctional advantages of mogrosides, highlighting their 

pharmacological, formulation, antioxidant, and nutraceutical potential derived from Siraitia grosvenorii. 

 

CONCLUSION: 

As a result of their strong and versatile gastro-protective qualities,mogrosides are an intriguing category of naturally 

occurring bioactive chemicals for the treatment and prevention of stomach ulcers.The coordinated management of 

important pathological processes, such as oxidative stress, inflammation, and apoptosis, involved in ethanol-induced 

stomach injury, is the main reason for their protective effects.By increasing enzymes, including glutathione 

peroxidase,catalase,and superoxide dismutase, mogrosides mechanistically improve endogenous antioxidant defence 

systems and reduce mucosal damage caused by epithelial cells;they simultaneously decrease pro-inflammatory signalling 

pathways, such as NF-B and associated cytokines(such as TNF-α and IL-1β)and control apoptotic markers. Mogrosides 

support the preservation of the structural integrity and homeostasis of the stomach mucosa using these coordinated effects. 

 

Due to their natural origin, low toxicity, and favourable safety profile, mogrosides provide essential translational benefits 

in addition to their pharmacological efficacy, making them viable substitutes or supplements to traditional anti–ulcer 

treatments like proton pump inhibitors and H2 receptor antagonists. However, despite robust preclinical evidence, the 

current understanding of their therapeutic potential remains largely confined to in vitro studies and animal models. 

 

Future research should focus on well-designed clinical trials to validate their efficacy and safety in human populations. 

Comprehensive pharmacokinetic and pharmacodynamic studies are essential to elucidate their absorption, bioavailability, 

metabolism and tissue distribution. Furthermore, optimization of formulation strategies such as nanocapsulations, lipid 

based delivery systems or synergistic combinations with existing therapeutics may enhance their stability and therapeutic 

efficacy. Investigations into structure activity relationships of different mogrosides derivatives could also provide insights 

for developing more potent analog. Additionally, exploring their role in other gastrointestinal disorders such as Helicobacter 

pylori associated ulcers, inflammatory bowel disease,and gastric carcinogenesis, may broaden their therapeutic 

applicability.Integration of omics-based approaches(genomics,proteomics,and metabolomics)could furtherclarify 

molecular targets and pathway involved in their action. 
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