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Abstract 
Due to Helicobacter pylori infection, NSAID use, and imbalances between mucosal defense and 

aggressive gastric factors, gastrointestinal disorders especially peptic and gastric ulcers remain major 
global health concerns. The need for safer and more sustainable alternatives is highlighted by the fact that 
traditional pharmacological therapy, such as proton pump inhibitors and antibiotic regimens, is frequently 

constrained by drug resistance, recurrence, and side effects. Herbal remedies have become more well-
known in recent years due to their diverse gastroprotective properties, which include anti-inflammatory, 
antioxidant, anti-secretory, mucosal protective, and anti-H. pylori properties. By modifying important 
molecular pathways like NF-κB, MAPK, and prostaglandin signaling, a number of medicinal plants, such 

as Glycyrrhiza glabra, Curcuma longa, Aloe vera, Zingiber officinale, and Camellia sinensis, 
demonstrate effectiveness in preventing ulcers and promoting mucosal healing. Helicobacter pylori 
infection, NSAID use, and imbalances between mucosal defense and aggressive gastric factors continue 
to be significant global health challenges, particularly peptic and gastric ulcers. The need for safer and 

more sustainable alternatives is highlighted by the fact that traditional pharmacological therapy, such as 
proton pump inhibitors and antibiotic regimens, is frequently constrained by drug resistance, recurrence, 
and side effects. Herbal remedies have become more well-known in recent years due to their diverse 
gastroprotective properties, which include anti-inflammatory, antioxidant, anti-secretory, mucosal 

protective, and anti-H. pylori properties. By modifying important molecular pathways like NF-κB, 
MAPK, and prostaglandin signaling, a number of medicinal plants, such as Glycyrrhiza glabra, Curcuma 
longa, Aloe vera, Zingiber officinale, and Camellia sinensis, demonstrate effectiveness in preventing 

ulcers and promoting mucosal healing. 
 
Keywords: Helicobacter pylori, Glycyrrhiza glabra, Curcuma longa, aloe vera, herbal medicine, gastric 
ulcer, peptic ulcer, gastroprotective action, and standardization 

 

1. Introduction 
Damage to the inside lining of the gastrointestinal system is known as a gastric ulcer. It is one 

type of Peptic Ulcer Disease (PUD). Excessive acid secretion damages the mucus membrane 
lining of the stomach, leading to an ulcer. An imbalance between defensive and aggressive 

factors is the etiology of gastric ulcers. The majority of stomach ulcers are brought on by 
Helicobacter pylori (H. pylori) infections, and long-term usage of medications like aspirin, 

ibuprofen, etc, is also linked to it. The frequency of symptoms is linked to stomach ulcers and 
may vary depending on how severe the peptic ulcer is. The most prevalent sign of it is a 

painful burning sensation in the chest area. Peptic ulcer disease has a very low yearly 
incidence, 0.10 to 0.19% only. The incidence of peptic ulcer disease has decreased, according 

to the current study. The mortality rate is almost one in every one of the impacted cases. 
Historically, a wide variety of medicinal plants have been utilized in India to treat a wide range 

of illnesses, either alone or in combination as polyherbal preparations. These have been used 
for so many years and have been highly successful in treating a variety of illnesses. Natural 

medications were favoured due to their lower toxicity and lack of several adverse effects that 
were frequently seen with many manufactured medications. It is necessary to concentrate on 

developing new plant-oriented medications as alternatives to current ones because many of the 
synthetic medications that are now on the market are linked to several negative effects. It is 

believed that natural plants serve as the fundamental models for creating novel compounds. 

Many studies are currently concentrating on using natural plants to cure PUD [1]. 

 

1.1 Symptoms 

While large ulcers may result in significant bleeding, small ulcers may not exhibit any 

symptoms at all. Loss of appetite, a feeling of fullness, mild nausea, upper abdominal pain,  
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discomfort, and insomnia, brought up by upper abdominal 

pain, bloody dark feces, chest pain, exhaustion, and weight 

loss are typical indications and symptoms of peptic ulcers [3]. 

 

1.2 Background of gastrointestinal disorders 
The term “gastrointestinal” (GI) disorders refers to a broad 

category of illnesses that affect the digestive tract and its 
associated organs, including the stomach, oesophagus, small 

and large intestines, liver, pancreas, and gallbladder [50]. These 
conditions are frequently divided into two categories: 

functional disorders of gut-brain interactions (symptoms 
based on syndromes without consistent anatomical defects) 

and organic diseases (such as cirrhosis, peptic ulcer disease, 
inflammatory bowel disease, and GI malignancies) [2]. The 

symptoms-based criteria (ROME IV) used to identify and 
classify functional gastrointestinal disorders (FGIDs), now 

commonly referred to as disease of gut-brain interaction 
(DGBI), have been evaluated and used in international 

epidemiology research since 2020 [4, 2]. According to 
extensive multicentre and international surveys. DGBIs are 

still quite common throughout the world and are linked to 
significant declines in the quality of life and higher healthcare 

use [53, 2]. More than 40% of those polled fulfilled the criteria 
for at least one FGID or DGBI, according to epidemiological 

data from the Rome Foundation global epidemiology study 

(Released in 2021), underscoring the significant public health 
burden of these conditions [5], many gastrointestinal illnesses 

have a multifactorial pathophysiologic structure nowadays, 
with a focus on interacting anomalies in gut microbiota, 

immunological and mucosal function, visceral sensation, 
gastrointestinal motility, and bidirectional gut-brain 

communication [6]. A major factor in symptoms, including 
nausea, vomiting, early satiety, constipation, and diarrhoea in 

both functional and pathological disorders of motility (e.g., 
delayed stomach emptying, altered small-bowel or colonic 

transit) [7]. Abdominal pain and bloating in DGBIs, such as 
irritable bowel syndrome and functional dyspepsia, have 

frequently been linked to visceral hypersensitivity, an 
elevated feeling of pain or discomfort from everyday gut 

stimulation [8]. previous gut infections are linked to long-term 
functional problems, low-grade mucosal immune activation, 

and impaired epithelial barrier function, which is a known 
contributor that can prolong symptoms [9]. Dysbiosis, or 

changes in the gut microbiota, has been linked to both upper 
and lower gastrointestinal illnesses and is now thought to 

affect immunological signalling, motility, and the gut-brain 
axis [7, 10]. The management of DGBIs relies heavily on 

biopsychosocial techniques because the microbiota-gut-brain 
axis offers a mechanistic foundation for understanding how 

psychological stressors and central nervous system processes 

modify GI function and symptom perception [6, 11]. Modern 
diagnostic techniques combine specific investigations (blood 

tests, imaging, endoscopy, and biopsies) with a thorough 
clinical history and Rome-based symptoms criteria to rule out 

organic disease before classifying a problem as largely 
functional because symptoms might overlap between 

conditions [2]. As a result, management strategies are 
multimodal: DGBIs are treated with dietary interventions, 

microbiome-directed therapies (where evidence supports), 
symptom-directed pharmacotherapy, and psychological 

treatments that address gut-brain interactions, whereas 
organic disease-directed medical or surgical therapies [6, 12]. 

 

1.3 Prevalence and impact of gastrointestinal disorders 

1.3.1 Definition and extent 

Functional disorders (such as gut-brain interaction disorders 

like irritable bowel syndrome, or IBS), common chronic 

conditions (such as gastro-oesophageal reflux disease, or 

GERD), inflammatory disorders (such as inflammatory bowel 

disease, or IBD), peptic ulcer disease, hepatopancreatobiliary 

diseases, and GI cancers are all included under the general 

term "gastrointestinal (GI) disorders." Although the 
pathogenesis, severity, and prognosis of these disorders vary 

greatly, they all share a significant public health 

characteristic: a high population prevalence that has a 

significant impact on quality of life, healthcare utilization, and 

financial burden [13, 53]. 

 
1.3.2 Epidemiology: Trends and estimates of prevalence 

Functional gastrointestinal illnesses and symptom-based 

ailments are still quite common worldwide, according to 

recent comprehensive syntheses. Rome criterion pooled 

estimates for IBS show a global prevalence in the single digits 
to low teens (pooled estimates vary by survey method and 

diagnostic criteria: for example, ~9% using Rome III in 

international analyses; Rome IV figures are generally lower 

but noticeable) [54]. According to GERD symptom-based 

prevalence meta-analyses, the prevalence is estimated to be 
between 10 and 14 percent worldwide, with significant 

geographical heterogeneity and a general upward trend in 

incident and prevalent cases over the past few decades. These 

figures show both increased awareness and diagnosis, as well 

as actual increases in illness incidence in many areas [14, 15]. 
 

1.3.3 Burden: Medical expenses, morbidity, and mortality 

Beyond prevalence, GI problems have significant effects on 

the health system. GI diseases and related cancers cause 

hundreds of thousands of deaths worldwide each year and 
cost billions of dollars in healthcare expenses [13]. Recent 

national and international analyses quantify millions of 

clinical encounters, significant hospital admissions, and large 

direct medical expenditures annually. Additionally, the 

system-level burden is increased by the prevalence of GI 
cancers in specific areas and the frequency of diagnostic 

procedures (such as endoscopies) [14]. 

 

1.3.4 Influence on productivity and life quality 

Numerous gastrointestinal illnesses, particularly functional 

disorders such as IBS and chronic GERD, are linked to 
substantial declines in health-related quality of life, elevated 

psychiatric comorbidity (depression, anxiety), and decreased 

productivity at work (presenteeism and absenteeism) [53]. The 

persistent symptoms of functional disorders and the chronic, 

relapsing character of illnesses like IBD cause long-term 
disability that goes much beyond the acute expenditures of 

medical therapy [54]. 

 

1.3.5 Causes of temporal and geographic variation 

Methodological variations (case definitions, survey 
techniques), demographic changes (ageing populations), 

lifestyle and environmental exposures (dietary westernisation, 

obesity, antibiotic exposure, urbanisation), and enhanced 

diagnostic capabilities are some of the factors contributing to 

variation in prevalence over time and between nations [15]. 
Rising incidence of diseases like GERD and IBD that have 

historically been more prevalent in high-income environments 

are frequently reported in low- and middle-income nations, 

indicating significant roles for shifting environmental risk 

profiles and healthcare access [14]. 
 

1.3.6 Implications for research and the health system 

Priorities include:  

a) Strengthening primary-care recognition and evidence-
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based management to reduce avoidable hospital 

utilisation. 

b) Expanding access to diagnostic endoscopy and targeted 

therapies when appropriate  

c) Investing in preventive strategies focused on modifiable 

risk factors (diet, obesity, antibiotic stewardship. 

d) Funding multidisciplinary research into pathophysiology 

(microbiome, gut-brain axis), long-term outcomes, and 

cost-effective delivery models [13]. 

e) Harmonising case definitions and surveillance methods to 

improve comparability across studies due to the high 

prevalence and significant cumulative burden. Recent 

national and international burden evaluations that 

measure both health loss and cost support these aims [15]. 

 

1.3.7 Future directions and gaps 

There are still several important gaps, including the under-

representation of low- and middle-income nations in high-

quality epidemiologic studies, the uneven application of 

standardised diagnostic criteria (symptom vs. endoscopy-

confirmed definitions; Rome III vs. IV), the scarcity of real-

world cost-of-illness data in many areas, and the lack of 

knowledge regarding the impact of early-life and 

environmental exposures on lifetime risk [54]. Coordinated 

worldwide surveillance, registries (especially for GI 

malignancies and IBD), and longitudinal cohort studies 

combining clinical, environmental, and genomic data will be 

necessary to close these gaps [13]. 

 

2. Limitations of conventional treatments in gastric 

disease 

2.1 Three pillars support conventional management of 

gastric disease 

Endoscopic ± surgical interventions for complications 

(bleeding, perforation, strictures, malignancy), pharmacologic 

acid suppression (primarily proton pump inhibitors, or PPIs) 

for acid-related injury and symptom control, and elimination 

of Helicobacter pylori when present [16]. Although the 

morbidity and mortality rates from peptic ulcer disease and its 

associated consequences have significantly decreased as a 

result of these therapies, their efficacy in numerous contexts is 

compromised by significant and widely acknowledged 

limitations [17]. 

 

2.2 Treatment failure and increasing antibiotic resistance 

in H. pylori eradication therapy 

As worldwide antibiotic resistance rises, the traditional 

paradigm of short-course multi-drug antibiotic regimens 

coupled with acid suppression is being challenged 

(clarithromycin, metronidazole, levofloxacin). With normal 

triple and some quadruple regimens, resistance rates have 

resulted in decreased eradication rates, increasing the 

likelihood of treatment failures and necessitating salvage 

therapy [18]. When local susceptibility data are ignored, 

empirical regimens frequently fail due to geographic diversity 

in resistance patterns. Although access to trustworthy culture 

or molecular susceptibility testing is still restricted, clinicians 

in many areas increasingly mandate the use of either 

susceptibility-guided medication or more recent regimens 

(such as bismuth quadruple therapy or customised regimens) 
[19]. 

Practical implications include increased antibiotic exposure 

and recurring medical visits, which prolong resistance cycles, 

and the danger of recurrent ulcers and stomach cancer in 

vulnerable patients if H. pylori is not eradicated [18]. 

2.3 Acid suppression (PPI) limitations include misuse, 

negative side effects, and insufficient symptom control 

PPIs have several drawbacks and are not always effective in 

curing diseases, although they are quite effective at 

suppressing acid and promoting mucosal repair. A sizable 

subgroup of patients (referred to as PPI-refractory GERD or 

functional heartburn) continues to experience symptoms even 

after taking PPIs as prescribed by guidelines [20]. This is 

frequently due to non-acid reflux, hypersensitivity, motility 

issues, or non-oesophageal causes rather than the PPI's 

incapacity to lower acid. Furthermore, chronic renal disease, 

gastrointestinal infections (including C. difficile), vitamin 

deficiencies, bone fracture risk, and other potential negative 

effects have been linked to long-term PPI exposure, raising 

concerns about extended, inappropriate use [21]. Last but not 

least, improper long-term prescriptions and a lack of 

deprescribing are frequent, leading to preventable safety and 

financial problems [22]. 

 

2.4 Endoscopic and surgical interventions: Efficacy but 

variable durability and resource limits 

Acute bleeding control has been enhanced, and the necessity 

for emergency surgery has decreased thanks to endoscopic 

procedures (heat coagulation, clips, injection, and more recent 

haemostatic powders and devices) [16]. However, rebleeding 

still happens, particularly when the reason (e.g., malignant 

ulcer) cannot be determined, when underlying coagulopathy 

or antithrombotic medication cannot be reversed, or when 

stigmata of recent haemorrhage are evident [17]. The 

availability of sophisticated modalities and operator expertise 

is also critical to the success of endoscopic therapy; in low-

resource environments or after hours, delays or inadequate 

procedures may exacerbate results. Although surgery has a 

greater morbidity and mortality rate and is less preferred by 

many patients, it is nevertheless a life-saving option for 

refractory conditions [23]. 

 

2.5. Diagnostic heterogeneity and misclassification reduce 

treatment effectiveness 

Numerous symptoms related to the stomach are non-specific 

and can be found in structural, inflammatory, and functional 

problems. Some patients treated empirically never have acid-

driven  

H. pylori-driven disease, while others with alarm features or 

non-acid mechanisms may be undertreated or mismanaged [20] 

Symptom-based treatment, such as empirical PPI trials and 

empirical H. pylori test-and-treat, can be effective but runs the 

risk of misclassification. The application of guidelines and 

evaluation of the efficacy of treatments are complicated by 

the variation in diagnostic criteria (symptom-based vs. 

endoscopy-confirmed disease) in research and practice [16]. 

 

2.6 Equity and system-level constraints 

Health-system barriers, such as restricted access to endoscopy 

and susceptibility testing, inconsistent application of regimens 

based on guidelines, fluctuating availability and cost of newer 

agents (e.g., potassium-competitive acid blockers like 

vonoprazan), and inadequate antimicrobial stewardship, 

reduce the impact of even effective therapies [19]. Low- and 

middle-income nations are disproportionately affected by 

these disparities, since a combination of limited resources and 

evolving epidemiology (such as an increase in IBD/GERD) 

leads to growing disparities in results [24]. 
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2.7 Research and clinical implications: What traditional 

methods overlook 

a) Antibiotic resistance and the need for susceptibility-

guided or novel anti-H. pylori strategies  

b) Non-acid, functional, and biopsychosocial factors 

contributing to chronic symptoms 

c) Long-term safety and rational deprescribing of acid 

suppression 

d) Structural health-system limitations to providing 

individualised care are all issues that conventional 

therapies reduce morbidity but frequently ignore [18]. 

Surveillance of local resistance patterns, increased 

accessibility to diagnostic testing (pH-impedance, culture, or 

molecular testing), the development and fair distribution of 

novel treatments (including P-CABs like vonoprazan when 

appropriate), and health-system interventions to guarantee 

guideline-concordant care and antimicrobial stewardship are 

all necessary to close these gaps [24]. 

 

3. Herbal medicine as an alternative therapy 

3.1 Justification and extent 

Herbal remedies are utilised as supplementary or alternative 

therapy for stomach issues all over the world. These include 

single-plant extracts, multi-herb formulations (such as 

traditional Chinese medicine, Ayurvedic, and other 

ethnomedicinal preparations), and isolated phytochemicals 
[25]. Cultural acceptability, perceived safety, and multi-target 

pharmacology which includes anti-inflammatory, 

mucoprotective, anti-secretory, antibacterial, pro-motility, and 

antioxidant effects are what make them appealing. Herbal 

treatments are appealing as prospective non-antibiotic agents 

against Helicobacter pylori and as supplements to traditional 

care (to improve symptom control or lessen adverse effects) 

due to their multi-mechanistic action [26]. 

 

3.2 Clinical efficacy evidence 

According to randomised trials and meta-analyses, some 

herbal preparations (like peppermint oil and some multi-herb 

formulations) can lower global symptom scores and 

abdominal pain when compared to a placebo for Functional 

Gastrointestinal Disorders (FGIDs), IBS, and dyspepsia [78]. In 

short-term trials, the effect sizes of these herbal preparations 

are comparable to those of some conventional agents. The 

preparation and trial methods have an impact on the quality of 

the evidence [26]. 

 

3.3 Non-Erosive Reflux Disease (NERD) and Gastro-

Oesophageal Reflux Disease (GERD) 

Certain Chinese herbal formulas (such as Banxia houpu, 

Banxia xiexin, and related formulas) have been shown to 

alleviate symptoms in individuals with refractory symptoms 

when used as monotherapy or as adjuncts to PPIs in 

systematic reviews and Randomised Controlled Trials 

(RCTs), most of which are from East Asia [21]. Conclusions 

are encouraging but not conclusive due to heterogeneity and 

methodological limitations [80]. 

Peptic ulcer disease and mucosal protection: Preclinical and 

clinical research have shown that several plants, including 

liquorice, aloe, and flavonoid-rich extracts, have anti-ulcer 

and mucoprotective properties. Some small clinical trials 

indicate that using these plants as an adjuvant can reduce 

symptoms and speed healing, but there are still few high-

quality, large RCTs available [28, 25]. 

 

3.4 Action mechanisms 

Herbal agents work through a variety of complementary 

mechanisms, including direct antimicrobial activity 

(disruption of membranes, inhibition of urease or adhesion), 

cytoprotection (mucus secretion, prostaglandin modulation), 

anti-inflammatory and antioxidant pathways (inhibition of 

NF-κB, reduction of cytokine release), modification of gastric 

acid secretion and motility, and positive effects on the gut 

microbiome [28]. In theory, these multi-target effects may be 

more effective than single-target medications for addressing 

intricate, multifactorial causes of stomach disease [25]. 

 

3.5 Quality, safety, and interactions between herbs and 

drugs 

Herbal remedies are not risk-free. Adulteration, varying 

phytochemical content, contamination, hepatotoxicity with 

specific herbs, and clinically significant herb-drug 

interactions (St. John’s wort-type interactions affecting PPI or 

antibiotic metabolism; glycyrrhizin/licorice with 

corticosteroids or antihypertensives, for example) are among 

the concerns [29]. Safety evaluations and pharmacovigilance 

are crucial before widespread recommendations are made 

because many trials fail to disclose adverse events and 

product standardization [25]. 

Limitations of the available data: 

Small sample sizes, brief follow-up, diverse formulations and 

dosages, uneven quality control of herbal remedies, trial 

geographic clustering (many from East Asia), and inconsistent 

methodological rigour (blinding, randomisation, placebo 

control) are the main drawbacks [78]. Therefore, even while the 

results are encouraging, systematic reviews frequently 

conclude that more stringent safety monitoring and higher-

quality multi-cente RCTs with standardised, quality-assured 

goods are needed [27]. 

 

4. Herbal plants with gastroprotective activity 

4.1 The anti-inflammatory herbs 

The main cause of mucosal damage and ulceration is chronic 

gastric inflammation, which can be caused by H. pylori, 

NSAIDs, bile reflux, or stress. Herbs that reduce mucosal 

inflammation therefore have gastroprotective effects by 

reducing pro-inflammatory cytokines (TNF-α, IL-1β, and IL-

6), blocking NF-κB signaling, and reducing inflammatory cell 

infiltration. Bioactive flavonoids, terpenoids, and phenolic 

acids found in many medicinal plants (including standardised 

multi-herbal combinations) operate on these molecular 

targets, reducing neutrophil infiltration, myeloperoxidase 

activity, and improving histology scores in animal and cell 

models. Mechanistically, these activities both prevent further 

tissue damage and establish a biochemical milieu that 

promotes mucosal healing. These anti-inflammatory routes 

are compiled in recent systematic and experimental studies, 

which also offer preclinical and early clinical support for 

TCM recipes, Ayurvedic botanicals, and standardized mixes 
[30, 31, 32].  

 

Recent plants: In recent investigations, various elements of 

TCM formula, ginger (gingerols/shogaols), liquorice 

(glycyrrhizin), turmeric (curcumin), and others have been 

shown to exhibit NF-κB inhibition, decreased cytokine 

release, and histological mucosal protection [33, 34]. 

 

4.2 The antioxidant plants 

Excess reactive oxygen/nitrogen species, or oxidative stress, 

is a major mediator of gastric mucosal injury because it 
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weakens mucosal defense and destroys proteins, lipids, and 

DNA. By  

a) Scavenging free radicals,  

b) Increasing endogenous antioxidant enzymes (SOD, 

catalase, and GSH), and  

c) Avoiding lipid peroxidation of gastric membranes, 

antioxidant herbs protect the stomach.  

The phytochemical classes that are most closely linked to 

these activities are tannins, phenolic acids, flavonoids, and 

some terpenoids. In ethanol, NSAID, and stress ulcer models, 

multi-component extracts with strong antioxidant capacity (as 

determined by in vitro radical-scavenging assays and in vivo 

indicators) lower ulcer index and speed up mucosal healing 
[35, 36]. 

 

Representative plant/evidence: In 2021-2024, studies 

showed that Phy-Blica-D and numerous extracts from Ferula 

spp. Exhibit both in vitro antioxidant activity and in vivo ulcer 

prevention; in 2023, Melissa officinalis (lemon balm) showed 

both antioxidant and gastroprotective properties [35, 102]. 

 

4.3 Theanti-secretory herbs 

Inhibition of histamine-driven pathways (H2 receptor 

modulation), downregulation or direct inhibition of gastric 

H⁺/K⁺-ATPase (proton pump), blockade of cholinergic (M3) 

or gastrin (CCK2) signaling, or indirect reduction through 

modulation of enterochromaffin-like cells are some of the 

mechanisms by which herbs with anti-secretory properties 

work to prevent excessive gastric acid secretion, which 

contributes to mucosal erosion and peptic ulceration. In 

animal and molecular investigations, several plant extracts 

and isolated phytochemicals have demonstrated decreased 

gastric acid output or lower expression/activity of acid-

secreting receptors/enzymes. Herbal blends that decrease 

stomach acidity indicators and histamine-mediated signaling 

have also been reported in recent formulation research [34, 81]. 

 

Example: Standardised herbal formulae have been 

demonstrated to lower histamine receptor expression and 

proton pump function in recent 2024-2025 investigations; 

neem and some alkaloid-rich extracts have been found to 

suppress H⁺/K⁺-ATPase activity in preclinical tests [82, 34]. 

 

4.4 Herbs that preserve the mucosa 

The physical and biochemical barriers of the stomach are 

strengthened by mucosal protective agents, which also 

improve mucosal microcirculation, promote glycoprotein 

layer integrity, increase Prostaglandin E₂ (PGE₂) synthesis, 

stimulate mucus and bicarbonate secretion, and improve 

epithelial restitution. Many herbs contain mucilage-forming 

chemicals, saponins, and polysaccharides that increase the 

thickness and viscosity of stomach mucus; others speed up re-

epithelialization by upregulating Growth Factors (EGF) and 

angiogenic or repair pathways. Because mucosal protection 

can lessen acid or NSAID-induced damage without the need 

for severe acid suppression, it has significant clinical value. 

Herbs and decoctions that boost mucosal defence factors and 

enhance endoscopic/histologic healing have been documented 

in recent studies and TCM investigations (2020-2025) [38, 39]. 

 

Representative plants: Include slippery elm (mucilage 

polysaccharides), aloe vera, liquorice (deglycyrrhizinated 

preparations), and several multi-herbal concoctions that 

increase PGE₂ and stomach mucus [34, 39]. 

 

4.5 Anti-Helicobacter pylori herbs 

Chronic gastritis and peptic ulcer disease are primarily caused 

by H. pylori infection; plant-derived antimicrobials can help 

eradicate this infection either by themselves (in low-burden 

situations) or in conjunction with conventional antibiotics, 
particularly in light of the growing drug resistance. In order to 

lessen colonisation, mechanisms include urease inhibition, 

quorum-sensing disruption, anti-adhesion effects, direct 

bactericidal activity (membrane disruption, enzyme 

inhibition), and host immune response modification. A few 

small clinical trials and well-characterized preclinical studies 
suggest potential adjunctive benefit, but emphasize 

heterogeneity and the need for standardized clinical trials. 

Recent systematic reviews and experimental papers (2020-

2024) have catalogued foods and medicinal plants (e.g., 

Terminalia spp., berberine-containing plants, certain tannin-
rich extracts, and standardised herbal blends) with in vitro and 

some in vivo anti- H. pylori activity [40, 41]. 

 

Examples: In the 2020-2024 literature, berberine/ 

protoberberine alkaloids, Terminalia species, and extracts rich 
in polyphenols and tannins have all demonstrated anti-H. 

pylori action [83]. 

 

5. Mechanisms of action 

5.1 Inhibition of inflammatory mediators 
Numerous plant extracts with gastroprotective properties 

work by inhibiting important pro-inflammatory pathways in 

the stomach mucosa. According to experimental research and 

reviews, phytochemicals (flavonoids, triterpenes, and 

alkaloids) limit neutrophil infiltration and mucosal damage 
following harmful stimuli (ethanol, NSAIDs, and HCl) by 

suppressing cytokines like TNF-α, IL-1β, and IL-6, inhibiting 

COX-2 and iNOS expression, and reducing NF-κB activation. 

This anti-inflammatory activity speeds up the healing of 

preexisting ulcers and lessens acute harm [42, 28]. 
 

5.2 Scavenging of free radicals (antioxidant activity) 

In several ulcer models, oxidative stress and reactive 

oxygen/nitrogen species (ROS/RNS) play a key role in 

mucosal damage. Strong radical-scavenging action (DPPH, 

ABTS, lipid peroxidation assays) and the restoration of 
endogenous antioxidant defenses (SOD, catalase, GSH) are 

demonstrated by a variety of plant extracts and isolated 

substances, maintaining mitochondrial function and epithelial 

integrity. Thus, antioxidant activity promotes healing 

processes and inhibits the development of mucosal ulcers [43, 

44]. 

 

5.3 Reduction of gastric acid secretion 

Several medicinal herbs lower stomach acidity by either 

directly blocking the parietal cell H⁺/K⁺-ATPase or by 
altering stimulatory signals. Plant-derived compounds that 

decrease basal/stimulated acid output, decrease the expression 

of gastrin or histamine receptors, or function as reversible 

inhibitors of proton pump activity have been reported in 

preclinical studies. These compounds have an antisecretory 
effect that is similar to conventional agents in mechanism, 

albeit not always as potent, and aid in the healing of ulcers [85, 

42]. 

 

5.4 Enhancement of mucus and mucosal defensive factors 

In addition to stimulating mucin gene expression, herbal 

extracts frequently increase the production and thickness of 

gastric mucus, as well as the levels of protective 

prostaglandins and bicarbonate secretion. When paired with 
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enhanced mucosal blood flow and epithelial cell proliferation, 

improved mucus barrier function strengthens intrinsic 

defenses against ulcerogenic insults by reducing acid/pepsin 

back-diffusion and providing physical protection for 

regenerating epithelium [28, 45]. 

 

5.5 Direct antibacterial effects (notably against 

Helicobacter pylori) 

Numerous natural compounds exhibit anti-Helicobacter 

pylori activity both in vitro and in vivo (growth suppression, 

urease inhibition, interference with adhesion/biofilm). These 

antibacterial qualities often exhibited by polyphenols, 

essential oils, and alkaloids offer an alternative or adjunct to 

traditional antibiotic regimens and, when used in combination 

strategies, may aid in overcoming resistance, as H. pylori is a 

major etiologic factor in peptic ulcer disease [41, 28]. 

 

6. Clinical evidence 

6.1 Clinical trials of single herbal preparations 

Clinical studies evaluating single-plant preparations (such as 

licorice/Glycyrrhiza spp., turmeric/curcumin, and Bletilla 

striata polysaccharides) for stomach protection, ulcer healing, 

and Helicobacter pylori eradication or symptom treatment 

have been conducted steadily over the last five years. 

Standardized licorice preparations have been linked to better 

ulcer healing in pooled analyses, while isolated 

polysaccharide-rich extracts have shown promise in mucosal 

repair studies. Several Randomized Controlled Trials (RCTs) 

and small, well-conducted open-label studies report faster 

symptomatic improvement and higher rates of endoscopic 

healing or bacterial suppression compared to placebo or 

standard care. Findings are promising but not yet conclusive 

for widespread clinical adoption because individual trials 

usually have limited sample sizes, little follow-up, and 

inconsistent extract standardization [81, 46]. 

 

6.2 Clinical trials of herbal formulations (multi-herb 

combinations and integrative approaches) 

Multicenter studies and larger pragmatic trials have assessed 

integrative regimens and multi-herb formulations, particularly 

those based on Traditional Chinese Medicine and other 

ethnomedical systems. Certain combination formulae, when 

added to normal eradication regimens or used as adjuvants, 

may boost H. pylori eradication rates, decrease antibiotic-

related side effects, and, in some situations, shorten the 

required antibiotic exposure, according to network meta-

analyses and randomised trials. Notably, when herbal adjuncts 

were used in conjunction with traditional therapy, several 

2020-2024 trials found improved symptom relief and greater 

eradication rates. Cross-study comparisons and clinical 

translation are made more difficult by the variety of formula 

composition, dose, duration, and outcome definitions [47, 87]. 

 

6.3 Meta-analyses of clinical studies 

Between 2020 and 2025, several systematic reviews and 

meta-analyses synthesise observational data and accessible 

RCTs to provide pooled estimates for safety and efficacy. For 

endpoints including ulcer healing, symptom scores, and 

decreases in inflammatory markers, these meta-analyses 

frequently identify moderate benefit signals for particular 

herbs or classes (such as licorice extracts, certain polyphenol-

rich preparations, and botanicals containing polysaccharides). 

Although plant-derived extracts may reduce bacterial load and 

enhance eradication when taken as an adjuvant, meta-analyses 

addressing anti-Helicobacter pylori effects stress that 

inconsistent outcome measurements, small-study effects, and 

publication bias undermine confidence in pooled effect sizes. 

Larger, well-powered trials with standardized preparations 

and objective goals (endoscopy, validated symptom ratings, 

and microbiological testing) are also recommended by a 

number of recent meta-analytic attempts [48, 50]. 

 

6.4 Safety and efficacy considerations advancements and 

role 

Recent pharmacovigilance studies and systematic reviews 

have documented the general tolerability of many traditional 

preparations as well as new safety signals (hepatotoxicity, 

herb-drug interactions, idiosyncratic reactions) that call for 

systematic monitoring, advancing the safety evaluation of 

herbal gastroprotective agents. Product standardization 

(quantification of active constituents), contamination/ 

adulteration, variable bioavailability, and interactions with 

antibiotics or acid-suppressants used to treat peptic illness are 

major problems for clinical use. More rigorous RCT designs 

in various regions, better extraction and standardization 

techniques (particularly for polysaccharides and standardized 

polyphenol fractions), and a greater focus on combining 

herbal adjuvants with antimicrobial stewardship to lower 

antibiotic exposure while preserving eradication efficacy are 

some of the advancements since 2020. As long as safety 

monitoring, quality control, and evidence-based dosing are 

followed, the evidence generally supports the use of specific, 

well-standardized herbal medications as adjuncts in H. pylori 

management and as a complementary function in 

gastroprotection [51, 52, 53]. 

 

6.5 Limitations of the current clinical evidence and 

research priorities 

Heterogeneous intervention definitions (whole herb vs. 

extract; different standardization markers), subjective or 

inconsistent goals, incomplete reporting of randomization/ 

blinding in certain trials, and underreporting of adverse events 

are some examples of contemporary problems. To advance 

the field, the literature suggests:  

1) Multicenter, sufficiently powered RCTs with pre-

registered protocols and CONSORT-style reporting for 

herbal interventions;  

2) The use of chemically standardised extracts with defined 

marker compounds and stability data;  

3) Objective endpoints (microbiological eradication 

confirmed by urea breath test or culture, endoscopic 

healing, validated symptom instruments);  

4) Integrated pharmacokinetic and herb-drug interaction 

studies; and  

5) Robust in normal gastroenterological therapy, these steps 

will make it clear which herbal agents are scalable, safe, 

and effective [54]. 

 

7. Advancements in herbal medicine research 

7.1 Herbal extract standardisation 

The last five years have seen a significant shift in the field 

from descriptions of crude extracts to botanical products that 

are chemically defined and repeatable. Multi-marker 

chromatographic fingerprints, targeted quantification of one 

or more bioactive marker molecules, and orthogonal quality 

checks (microbial limits, heavy-metal/pesticide screening, and 

micro- and macroscopic identification) are already 

commonplace in modern standardisation. In order to obtain a 

comprehensive chemical signature that enhances batch-to-

batch consistency and facilitates bioactivity correlation 

https://www.plantsjournal.com/


 

~ 214 ~ 

Journal of Medicinal Plants Studies https://www.plantsjournal.com 
 

studies, emerging techniques, particularly metabolomics and 

chemometrics, are being used. Harmonised pharmacopeial 

standards and metabolomics-driven quality controls are 

becoming essential for converting herbal candidates into 

clinically effective treatments, according to regulatory 

evaluations and comparative analyses [88, 89]. 

 

7.2 Pharmacokinetic studies (ADME and interactions) 

Systematic pharmacokinetic profiling of intricate plant 

preparations and their essential components has been a 

significant breakthrough. In order to determine which 

chemicals are accessible at target sites, their metabolic fates, 

and their potential for accumulation, studies now integrate in 

vitro (Caco-2 permeability, simulated gastric/intestinal fluids, 

liver microsomes), in vivo (plasma/tissue PK), and in silico 

modelling. Crucially, research on herb-drug interactions and 

multi-compound PK techniques has shed light on how 

components affect CYP enzymes, transporters (P-

glycoprotein), and enterohepatic recirculation. This 

knowledge is essential for the safe co-administration of 

antibiotics or acid-suppressants. Integrated ADME pipelines 

are becoming more popular, giving bioavailable marker 

molecules top priority when determining therapeutic dose and 

safety limits [55, 90, 56]. 

 

7.3 Cellular and molecular mechanisms (target-based 

clarity) 

Mechanistic resolution has been extended from 

phenomenological anti-ulcer claims to identified molecular 

targets and pathways by preclinical research conducted 

between 2020 and 2025. For polyphenols, alkaloids, and 

polysaccharides, network-pharmacology and systems-biology 

techniques predict multi-target modalities and identify 

probable targets (such as NF-κB, Nrf2, COX-2, iNOS, and 

H+/K+-ATPase). Parallel experimental studies show 

decreased ROS, suppressed proinflammatory cytokines, 

increased mucin expression, and direct urease/adhesion 

inhibition, confirming antioxidant, anti-inflammatory, 

mucoprotective, and anti-H. pylori affects the cellular level. 

The sensible selection of potential botanicals for focused 

clinical research and combinations intended to work in 

concert on complementary pathways is made possible by 

these mechanistic facts [41, 91]. 

 

7.4 Drug delivery systems for herbal compounds 

In plant formulation research, rapid innovation has been 

fuelled by poor solubility, low bioavailability, and stomach 

instability. Polymeric matrices, nanoparticle-based carriers, 

floating, mucoadhesive, and expanding gastroretentive 

systems, as well as 3D-printed gastroretentive designs, have 

all been used to extend gastric residence, safeguard labile 

phytochemicals, and accomplish controlled local release at the 

stomach lining. These technologies can lessen systemic side 

effects while increasing local exposure to gastroprotective 

substances (such as flavonoids and polysaccharides). Key 

actives given via GRDDS or nanoformulations have better PK 

profiles and increased mucosal effectiveness, according to 

recent reviews and proof-of-concept studies. These delivery 

systems serve as a crucial translational link between 

encouraging in vitro results and outcomes that have 

therapeutic significance [92, 57, 93]. 

 

7.5 Synergistic effects of herbal combinations 

Instead of treating multi-herb formulations as simple 

combinations, modern research increasingly views them as 

integrative, multi-target medicines. Combinations can result 

in true pharmacodynamic synergy (such as increased 

antioxidant capacity, complementary anti-inflammatory 

signalling, and potentiated anti-H. pylori activity) or allow 

dose-sparing of individual constituents, according to systems-

pharmacology, isobolographic analyses, and combination-PK 

studies. However, interaction studies highlight the possibility 

of pharmacokinetic modulation, which is when one herb 

changes how another is absorbed or metabolised. This 

necessitates thorough interaction testing and logical 

combination design based on PK compatibility and 

mechanistic complementarity. A growing number of clinical 

combination trials and well-designed preclinical combination 

studies suggest that synergy can be used, but only with strong 

standardisation and safety assessment [94, 58]. 

 

8. Challenges and future directions 

8.1 Quality control and standardization issues 

Why quality control and standardization matter for 

gastroprotective botanicals? 

The same standards that apply to any therapy must be met by 

herbal preparations used for gastroprotection: repeatable 

chemistry, consistent pharmacology, proven safety, and 

clinically significant effect sizes. In contrast to single-

molecule medications, botanicals are complex mixtures 

whose pharmacology is dependent on minor components, 

multi-constituent profiles, and matrix effects that differ 

depending on the species, processing method, and geographic 

location. Safety signals (contamination, adulteration, herb-

drug interactions) may go unnoticed, and preclinical efficacy 

signals cannot be accurately translated to the clinic without 

strict Quality Control (QC) and standardisation. Therefore, 

enhancing QC is essential to the scientific and regulatory 

validity of herbal gastroprotectants and is not a side technical 

issue [59, 60]. 

 

8.2 Core challenges 

8.2.1 Variability in raw materials, misidentification of 

species and adulteration 

The number of active constituents in plants varies greatly 

based on the genotype, chemotype, soil, harvest time, drying, 

and storage conditions. In actuality, deliberate or inadvertent 

substitution (adulteration) and inadequate botanical 

authentication are common sources of product variations. 

Widespread substitution and mislabeling in commercial 

herbal products are documented by studies and reviews from 

many countries. This immediately compromises the 

reproducibility of pharmacological results and raises the risk 

of safety if dangerous substitutes are present. For treated 

materials, morphological authentication is insufficient and 

calls for molecular and chemical identity techniques [95, 61]. 

 

8.2.2 Inconsistent marker selection and inadequate 

chemical standardisation: 

Numerous herbal studies still lack quantitative markers and 

define extracts using imprecise terms like "ethanolic extract" 

or "aqueous extract." Even with multi-constituent 

preparations, when marker compounds are published, various 

studies frequently select different markers or employ single-

marker standardisation, resulting in batches that are not 

comparable. This renders dose-response inference and meta-

analysis untrustworthy for gastroprotective endpoints (H. 

pylori outcomes, ulcer healing, and mucosal biomarkers). 

There is increasing agreement that the minimal need for 

translational studies should be multi-marker fingerprints 
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paired with at least one bioactive or bioavailable marker [60, 

62]. 

 
8.2.3 Manufacturing impurities, adulterants, and 

contaminants 
Heavy metals, pesticides, mycotoxins, and microbiological 

infections can contaminate herbal goods; certain markets also 
report intentional adulteration using synthetic medications. 

Particularly in low- and middle-income nations, systematic 
reviews reveal a nontrivial incidence of pollutants that present 

both immediate toxicity risks and long-term safety issues. 
Because patients with gastric disease frequently get 

polypharmacy (antibiotics, PPI), which raises the risk of 
compound-drug interactions or compounded toxicity, this is 

crucial for gastroprotective purposes [96, 63]. 
 

8.2.4 Limitations in analysis and methodology 
Analytical platforms (HPLC, UHPLC-MS, NMR, GC-MS, 

IR, etc.) and procedure sensitivity/specificity vary throughout 
laboratories. Many botanicals utilised in gastroprotection 

(e.g., certain polysaccharide fractions) do not have widely 
available fingerprint standards, reference materials, and 

validated assays. Cross-study comparability and batch release 

testing are made more difficult by this heterogeneity. 
Although metabolomics and chemometrics have advanced, 

their adoption has been inconsistent, and many regulatory 
regimes continue to prioritise older, single-marker assays [60, 

62]. 
 

8.2.5 Herb-drug interactions and pharmacokinetic 
complexity 

The ADME profiles of the ingredients in complex mixes vary 
greatly; some bioactive chemicals have limited oral 

bioavailability, while other minor constituents alter the 
primary actives' absorption and metabolism. Importantly, 

components may change the PK of co-administered 
medications (such as PPIs, clarithromycin, and amoxicillin) 

used in peptic ulcer and H. pylori regimens by inhibiting or 
inducing CYP enzymes and transporters (P-gp). Unexpected 

interactions and changed efficacy or toxicity in actual patients 
are hazards associated with incomplete PK characterisation of 

botanical products [64, 65]. 
 

8.3 Implications for clinical translation and 
gastroprotection research 

Three specific issues emerge as a result of the aforementioned 
difficulties. First, variable products make it difficult to 

combine evidence and yield inconsistent clinical results 

(meta-analyses frequently indicate substantial heterogeneity). 
Second, experiments that seem harmless at first glance may 

be harmed by unidentified pollutants or interactions. Third, a 
lack of PK/PD linkage makes it impossible to choose doses 

sensibly and optimise delivery for actions that target the 
stomach (such as gastroretentive exposure). Despite 

encouraging preclinical findings, these issues collectively 
impede the integration of herbal gastroprotectants into 

evidence-based treatment [66, 67]. 
 

8.4 Emerging solutions and translational pathways 
8.4.1 Metabolomics and multivariate chemical 

fingerprints 
When paired with chemometrics, metabolomics (NMR, LC-

MS-based) allows for comprehensive fingerprints that capture 
hundreds of features, enhancing batch comparability and 

authentication. By making it easier to correlate particular 
chemical profiles with bioactivity (bioactivity-fingerprint 

coupling), fingerprinting makes it possible to choose batch 

release conditions logically that go beyond a single marker. 

Metabolomics significantly enhances the ability to distinguish 
authentic from contaminated material, and it can help choose 

bioactive marker panels for gastroprotective extracts, 
according to reviews and proof-of-concept research conducted 

between 2020 and 2025 [60, 59]. 
 

8.4.2 Bioassay-guided standardisation and multi-marker 

Combining chemical markers (multi-marker panels) with at 

least one functional bioassay (such as antioxidant capacity, 

urease inhibition, or mucin-stimulating test) in place of 

single-marker assays offers a more pertinent standardisation 

that connects chemistry to anticipated gastric biology. 

Bioassay-guided standardisation is a crucial step in converting 

in vitro results into in vivo gastric endpoints by ensuring that 

batches that satisfy QC are also biologically comparable [60, 

62]. 

 

8.4.3 Combined ADME/PK profiling of important 

metabolites and marker chemicals 

In vitro-in vivo extrapolation (IVIVE) is being used by a 

number of groups to flag probable herb-drug interactions, 

measure plasma/tissue exposure of prioritised marker 

chemicals, and identify human metabolites. By selecting 

indicators that are not only plentiful but also bioavailable or 

present at the site of action (gastric mucosa), developers can 

improve dosage selection and safety prediction using this 

integrated ADME approach [64, 68]. 

 

8.4.4 Using gastroretentive delivery and sophisticated 

formulations to lessen exposure variability 

In addition to decreasing systemic variability, formulation 

science (gastroretentive systems, mucoadhesives, and 

nanoparticle carriers) can improve local efficacy and promote 

consistency in gastrointestinal exposure to important actives. 

A number of proof-of-concept studies show that using 

gastroretentive or nano-formulations improves mucosal 

retention and improves local pharmacodynamic effects. This 

is a crucial translational technique to address the low systemic 

bioavailability of certain phytochemals [97, 98]. 

 

8.4.5 Enhanced supply-chain traceability and 

contamination testing 

Good Agricultural and Collection Practices (GACP), supply-

chain traceability (barcoding, blockchain pilot projects), and 

routine testing for heavy metals, pesticides, and mycotoxins 

all help to minimise contamination and variability at the 

source. The benefit of upstream controls in reducing the 

prevalence of contaminants in marketed products is 

documented by systematic surveillance studies conducted 

between 2020 and 2024 [96, 69]. 

 

9. Challenges and future directions 

9.1 Regulatory hurdles: Fragmented frameworks and 

unmet quality expectations 

Jurisdictions continue to have very different regulatory 

oversight policies for herbal medical products, ranging from 

food-like registration with few evidence requirements to full 

drug-like routes requiring defined pharmacology and 

randomised clinical data. This regulatory fragmentation 

undermines physician confidence and makes international 

research more difficult by allowing goods with vastly 

disparate quality and evidence bases to reach the market. 

Furthermore, a lot of regulatory regimes lack consistent 

contaminant limits (heavy metals, pesticides, and 

mycotoxins), validated multi-marker quality standards, and 
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strong, harmonised monographs all of which are necessary to 

guarantee repeatable clinical results in gastroprotection 

investigations. Larger, interoperable clinical programs would 

be made possible by strengthened, standardised regulatory 

guidance, which would ideally be supported by 

pharmacopeial monographs and the recognition of 

metabolomics-driven fingerprints as part of batch release 

criteria [70, 99]. 

 

9.2 Evidence requirements and the gap to drug-like 

approval 

Clinicians and regulators look for unambiguous proof of 

safety and effectiveness. Preclinical research, tiny single-

center trials, or heterogeneous open-label studies with varying 

formulations, standardisations, and outcomes continue to 

dominate the evidence base for the majority of herbal 

gastroprotective candidates. Without sufficiently powered, 

carefully monitored trials that employ standardised products 

and objective endpoints (endoscopic healing, validated 

symptom scales, urea breath test/culture for H. pylori), 

agencies cannot confidently recommend or endorse herbal 

therapies for gastroprotection, which leads to regulatory 

inertia. Creating regulatory pathways that allow staged 

evidence generation (phased approvals, conditional use with 

post-marketing commitments) could accelerate responsible 

translation while preserving safety oversight [70, 71]. 

 

9.3 Need for large-scale clinical trials design, funding, and 

feasibility challenges 

Obtaining standardised study materials (consistent batches 

with chemical fingerprints and bioassay-linked potency), 

choosing suitable comparators (placebo, standard-of-care, or 

add-on designs), blinding when organoleptic properties differ, 

and guaranteeing adequate statistical power given variable 

effect sizes are barriers to conducting large-scale RCTs, 

which are the foundation for proving clinical effectiveness 

and safety. Major obstacles include funding and 

infrastructure; small businesses and university institutions 

sometimes lack the means to conduct multicenter studies. 

Feasibility can be increased by public-private collaborations, 

grant financing for high-priority botanicals, and practical trial 

designs that include objective outcomes in standard clinical 

procedures. Additionally, several botanical candidates or 

combinations may be effectively evaluated in parallel using 

adaptive and platform trial designs, saving resources while 

generating high-quality comparative evidence [70, 72]. 

 

9.4 Integration into mainstream healthcare models, 

training, and policy levers 

Evidence-based therapeutic approaches, practitioner 

education, and institutional policies that acknowledge the 

importance of herbal choices (e.g., adjuncts for H. pylori 

eradication, mucoprotective adjuvants to lower PPI load) are 

necessary for successful integration. Examples from China, 

India, and Brazil demonstrate how policy support, covered 

reimbursement pathways, and integrated education can 

promote appropriate use. However, quality standards must be 

met by products, interactions must be understood, and 

electronic health records must record herbal use to guide 

safety surveillance for integration to be sustainable. Clinician 

acceptance and safer uptake will be facilitated by professional 

guidelines that specifically address standardised herbal 

choices, checklists of herb-drug interactions, and the 

incorporation of herbal medicines in clinical decision-support 

tools [73, 74]. 

9.5 Safety governance and pharmacovigilance closing the 

surveillance gap 

There are frequently few post-marketing safety data available 

for herbal products. The capacity to identify uncommon but 

important effects (hepatotoxicity, idiosyncratic reactions, or 

interactions with antibiotics/PPIs) is diminished by 

underreporting, imprecise causality attribution, and a lack of 

product-lot connection in adverse-event data. Mandating 

batch-identified reporting fields, active surveillance programs 

(sentinel sites), and integrating PV databases with chemical 

fingerprint repositories are necessary to strengthen 

pharmacovigilance for botanicals. This will allow signals to 

be linked to specific product batches or adulterants. As items 

become more widely used in clinical settings, these 

technologies would also facilitate reevaluating the risks and 

benefits [100, 61]. 

 

9.6 Standardization and supply-chain reliability as 

prerequisites for scale-up 

Reproducible product chemistry is necessary for trustworthy 

clinical evidence. Good Agricultural and Collection Practices 

(GACP), validated extraction techniques, multi-marker 

chemical fingerprints (metabolomics/chemometrics), and 

validated bioassays linked to mechanisms of action (e.g., 

urease inhibition, mucin stimulation) are all necessary for 

botanicals to be useful at scale. In order to avoid batch 

failures or public health problems that could impede wider 

acceptance, supply-chain traceability and upstream 

contamination management are equally important. 

Reproducible research and regulatory review will be 

expedited by investments in open-access fingerprint databases 

and recognised supply networks [75, 76]. 

 

9.7 Scientific opportunities and future research directions 

High translational yield can be obtained from several strategic 

research avenues, including 

a) Giving priority to botanicals with strong preclinical 

mechanistic validation and demonstrable bioavailable 

markers for clinical development; 

b) Incorporating early ADME/PK and herb-drug interaction 

studies into development plans to minimise surprises later 

on 

c) Advancing gastro-targeted delivery (gastroretentive 

systems, mucoadhesives, and inhalable/sublingual 

alternatives where appropriate) to improve mucosal 

exposure and lower systemic variability 

d) Using systems-pharmacology and network medicine to 

logically design synergistic combinations and predict 

interactions 

e) Carrying out practical, registry-linked effectiveness 

studies to assess safety, adherence, and real-world 

outcomes after initial efficacy is demonstrated in RCTs. 

These strategies will preserve patient safety while expediting 

the integration of evidence-based practice [71, 77]. 

 

9.8 Policy, funding, and collaborative models to accelerate 

progress 

New funding and governance models will be needed to meet 

the scale and quality requirements of large trials and 

regulatory validation. These include collaborative consortia 

that share validated chemical reference materials and SOPs, 

pooled public research funds that prioritise high-impact herbal 

candidates, and innovative regulatory measures like 

conditional approvals linked to the creation of post-marketing 

evidence. Regional pharmacopeial cooperation and the WHO 
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Traditional Medicine Strategy are two examples of 

international harmonisation efforts that can reduce obstacles 

to cross-border trials and establish internationally recognised 

quality standards. Large, conclusive trials are made possible 

by such collaborative approaches, which also distribute 

expenses and minimise repetition [78, 100]. 

 

9.9 Equity, access, and cultural considerations 

Lastly, while guaranteeing fair access to standardised, safe 

goods, integration must preserve cultural contexts in which 

herbal medicines are a part of long-standing health practices. 

This calls for policies that prevent the creation of two-tiered 

systems in which only high-resource settings have access to 

standardised, evidence-based botanicals, the preservation of 

traditional knowledge, benefit sharing with communities, and 

the development of local capacity (laboratory QC, 

surveillance). To guarantee that scientific discoveries are 

translated into wider public health benefits, inclusive research 

collaborations and community-engaged implementation 

science will be essential [79, 101]. 

 

10. Conclusion 

Despite the availability of standard pharmaceutical and 

surgical therapies, gastrointestinal disorders particularly 

peptic and gastric ulcers remain a significant global health 

burden. The ongoing problems with antibiotic resistance, 

proton pump inhibitor side effects, and the short-term 

effectiveness of traditional medications underscore the 

pressing need for complementary or alternative medicines. 

Because of their multi-targeted modes of action, which 

include anti-inflammatory, antioxidant, anti-secretory, 

mucosal protecting, and anti-Helicobacter pylori activity, 

herbal medications have become attractive options. 

Recent developments in pharmacokinetic profiling, 

gastroretentive drug delivery technologies, and phytochemical 

standardisation between 2020 and 2025 have reinforced the 

scientific basis for the application of herbal plants in 

gastroprotection. By altering important molecular pathways 

like NF-κB, MAPK, and prostaglandin signalling, medicinal 

herbs like Glycyrrhiza glabra, Curcuma longa, Aloe vera, 

Zingiber officinale, and Camellia sinensis show great promise 

for restoring gastric mucosal equilibrium. Additionally, 

preclinical and clinical research confirms their effectiveness 

in preventing ulcers, repairing mucosal tissue, and enhancing 

gastrointestinal function. 

However, significant obstacles such as raw material 

variability, lack of standardisation, irregular dosing, and a 

lack of large-scale clinical studies must be overcome before 

these findings can be applied in clinical practice. To guarantee 

product safety and reproducibility, pharmacovigilance 

systems, metabolomics-based standardisation, multi-marker 

quality control, and strengthened regulatory frameworks are 

crucial. Herbal gastroprotective medicines will be included in 

evidence-based healthcare more quickly thanks to cooperative 

research projects and flexible clinical trial designs. 

In summary, herbal remedies have great potential as 

sustainable, safe, and mechanistically adaptable treatment 

choices for ulcer prevention and stomach protection. These 

botanicals have the potential to transform from traditional 

medicines into standardised, scientifically validated 

treatments that support and improve contemporary 

gastroenterological care with sustained investment in quality 

assurance, clinical validation, and international regulatory 

harmonisation. 
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