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ARTICLE INFO ABSTRACT 

 Peptic ulcer disease remains a significant global health burden, causing 
approximately 267,000 annual deaths, with India accounting for 15% of fatalities 
owing to delayed diagnosis and limited rural healthcare access. Helicobacter 
pylori (70–90% of cases) and nonsteroidal anti-inflammatory drugs (10–30%) are 
the primary etiological factors, that disrupt mucosal integrity through virulence 
factors (CagA and VacA) and prostaglandin inhibition. Conventional therapies face 
challenges, including antibiotic resistance (30–70% to 
clarithromycin/metronidazole) and adverse effects, such as dysbiosis and 
gastrointestinal toxicity. In this study, we evaluated the antibacterial activities of 20 
ethnomedicinal plants against Escherichia coli and Helicobacter pylori. Upon 
evaluating the zone of inhibition and the minimum inhibitory concentration against 
E. coli, it was found that Eclipta prostrata, and Azadirachta indica (neem) 
demonstrated strong effects, which are linked to wedelolactone and azadirachtin, 
respectively. Allium sativum (garlic) also showed significant activity, aligning with its 
traditional use in combating infections. For H. pylori, garlic and neem demonstrated 
the strongest inhibition, which was supported by the bactericidal properties of allicin 
and nimbidin. Ocimum sanctum (holy basil) exhibited moderate efficacy, whereas 
Aloe vera was the least effective. The multi-target mechanisms of herbal extracts (e.g., 
membrane disruption and oxidative stress) reduce the resistance risks compared to 
single-target antibiotics. Despite their lower potency compared to synthetic drugs, 
plant-derived compounds offer safer and more cost-effective alternatives, particularly 
in resource-limited settings. These findings validate the use of traditional remedies 
and highlight their potential as adjunctive therapies to combat antimicrobial 
resistance. Future research should explore synergistic combinations and standardized 
formulations to enhance clinical efficacy. 
 
Key words: Peptic ulcer disease, antimicrobial resistance, herbal drugs, 
antibacterial activity, anti-H. pylori activity, zone of inhibition, minimum inhibitory 
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I. Introduction 
 
The global and national impact of Peptic ulcer disease: An ongoing health challenge 
Peptic ulcer disease (PUD) continues to be a major health issue worldwide, with the World Health Organization 
and Global Burden of Disease Study 2019 indicating that PUD causes 267,000 deaths annually (GBD 2019 
Collaborators, 2020; WHO, 2021). According to Lanas and Chan (2017), this condition accounts for 
approximately 0.5% of all deaths associated with digestive disorders. The Global Burden of Disease Study 2019 
indicated that India is responsible for approximately 15% of the world's deaths related to PUD, with an 
estimated 40,000 deaths annually (GBD 2019 Collaborators 2020). According to the Indian Council of Medical 
Research (ICMR), complications such as bleeding and perforation are responsible for 60% of fatalities, 
especially in rural regions where healthcare services are not readily available (ICMR 2022). Delayed diagnosis 

https://kuey.net/
mailto:tapan.mahato@gmail.com


15704  Tapan Kumar Mahato et al. / Kuey, 30(5), 10343 

 

is a significant concern; a 2023 study conducted by AIIMS revealed that 45% of PUD cases in India had 
advanced to severe complications before detection (Sharma et al., 2023). According to the National Health 
Profile (2023), states such as Bihar and Uttar Pradesh have reported a 25% higher mortality rate from PUD 
than the national average.  
 
Peptic ulcer disease: Peptic ulcer disease (PUD) is a chronic gastrointestinal disorder characterized by 
mucosal damage resulting from an imbalance between aggressive and protective gastric factors (Xie and Wang, 
2022). The primary aggressive factors include Helicobacter pylori infection (70-90% of cases), which disrupts 
mucosal integrity through virulence factors (CagA, VacA, urease), and NSAID use (10-30% of cases), which 
inhibits prostaglandin synthesis (Hooi et al., 2017; Scarpignato et al., 2018; da Costa et al., 2015; Sung et al., 
2020). Excessive acid/pepsin secretion, bile reflux, and lifestyle factors (such as smoking and stress) further 
exacerbate mucosal damage (Allen & Flemström, 1990; Chey & Wong, 2007; Li et al., 2014). Conversely, 
defensive mechanisms such as the mucus-bicarbonate barrier, prostaglandins, heat shock proteins (HSP70), 
and epithelial regeneration protect against injury (Rees & Shorrock, 1988; Malik et al., 2025). Environmental 
factors (e.g., cold climates) and genetic predisposition (blood group O) can lead to the formation of ulcers 
(Kumar et al., 2022; Li et al., 2014). Understanding these multifactorial interactions is crucial for effective PUD 
management, particularly in high-prevalence regions such as India, where H. pylori affects >50% of the 
population (Singh et al., 2001).   
 
Helicobacter pylori: Helicobacter pylori, a spiral-shaped gram-negative bacterium discovered by Marshall 
and Warren in 1982 (Marshall 1984; Warren 1983), survives gastric acidity through urease-mediated ammonia 
production (Asghar Ali 2024). Its pathogenesis involves flagellar motility and adhesins (BabA/SabA) for 
mucosal colonization (Chang 2023; Malfertheiner 2023), followed by CagA translocation via the type IV 
secretion system, which disrupts host cell signaling (Bhattacharjee 2024). Virulence factors including VacA 
(causing vacuolation and immune suppression) (Nejati 2018), outer membrane vesicles, and HtrA protease 
(Chmiela 2019; Bianchi 2018) collectively promote chronic inflammation, epithelial damage, and ulcer 
formation through multiple mechanisms including immune evasion, junction disruption, and apoptosis 
dysregulation (Frontiers 2023; Sharndama 2022; de Jesus Souza 2019). 
 
Treatment: A structured table summarizing modern treatment regimens for peptic ulcer disease caused by 
Helicobacter pylori. Table 1 shows the modern treatment methods for peptic ulcer disease, including drugs, 
duration, and adverse effects. 
 

Table 1: Modern treatment methods for peptic ulcer disease caused by Helicobacter pylori, 
including drugs, duration, and adverse effects. 

S.No. Method Drugs Duration Adverse Effects Reference(s) 
1 Triple Therapy PPI (e.g., omeprazole 20 mg 

BID) + Amoxicillin 1 g BID + 
Clarithromycin 500 mg BID 

10–14 
days 

Diarrhea, taste 
disturbances, nausea, 
allergic reactions, 
antibiotic resistance 

Khosravi & Nassaji 
2023, Chey et al. 
2024 
 

2 Bismuth 
Quadruple 
Therapy  

PPI BID + Bismuth 
subsalicylate 300 mg QID + 
Tetracycline 500 mg QID + 
Metronidazole 500 mg TID 

10–14 
days 

Dark stools, metallic 
taste, nausea, 
constipation, 
dizziness 

Graham et al. 2023, 
Malfertheiner et al. 
2023 
 

3 Non-Bismuth 
Quadruple 
Therapy 

PPI BID + Amoxicillin 1 g BID + 
Clarithromycin 500 mg BID + 
Metronidazole 500 mg BID 

10–14 
days 

GI upset, diarrhea, 
antibiotic-associated 
colitis 

Aghaizu et al. 2022 

4 High-Dose 
Dual Therapy 

Vonoprazan 20 mg BID + 
Amoxicillin 1 g TID 

14 days Mild GI symptoms 
(lower than 
quadruple therapy) 

Chey et al. 2024 

5 Rifabutin-
Based Therapy 

PPI BID + Amoxicillin 1 g BID + 
Rifabutin 150 mg BID 

14 days Myelotoxicity (rare), 
elevated liver 
enzymes 

USFDA Talicia 
Approval 2023, 
Tshibangu-
Kabamba et al. 
2024 

6 Hybrid 
Therapy 

PPI + Amoxicillin (7 days), then 
PPI + Amoxicillin + 
Clarithromycin + 
Metronidazole (7 days) 

14 days Similar to 
concomitant therapy 
but lower adverse 
events 

Georgopoulos et al. 
2024 

 
Challenges with synthetic drugs in peptic ulcer disease management 
1. High antibiotic resistance reduces treatment success: Standard triple therapy regimens, which 
include clarithromycin and metronidazole, are increasingly ineffective because of rising antibiotic resistance. 
Resistance rates now exceed 30–70%, drastically lowering eradication rates. (Liang, 2022, Hou, 2023) 
2. Adverse effects and complexity reduce patient compliance: Bismuth quadruple therapy, although 
more effective against resistant H. pylori, is complicated by complex dosing schedules and frequent side effects, 
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including nausea, metallic taste, diarrhea, and darkened stool and tongue, which often lead to poor compliance. 
(MDPI, 2024, PMC, 2022, Wikipedia, 2024) 
3. Polypharmacy increases costs, pill burden, and microbiota damage: PUD regimens typically 
require multiple drugs, increasing the pill burden and treatment costs. Moreover, Broad-spectrum antibiotics 
can disrupt the gut microbiome, potentially leading to dysbiosis. (Liang, 2022, Cell, 2023) 
4. Limited availability of key drugs in some regions: Tetracycline and bismuth, which are essential 
components of quadruple therapy, are not readily available in all regions, limiting the global applicability of 
the recommended regimens. (PMC, 2019) 
5. Emerging multidrug resistance and toxicity of salvage therapies: H. pylori exhibits adaptive 
mechanisms, such as biofilm formation and viable but non-culturable (VBNC) states, leading to multidrug 
resistance and treatment relapse. Salvage regimens (e.g., rifabutin- or levofloxacin-based) pose added risks, 
such as myelotoxicity, high cost, and promotion of resistance in non-H. pylori pathogens. (PMC, 2023, PMC, 
2019, Frontiers, 2022) 
 
Antimicrobial resistance: Current crisis and strategies for control 
Antimicrobial resistance (AMR) is an escalating global health threat owing to the overuse and misuse of 
antibiotics in clinical settings, agriculture, and the environment (WHO, 2025). In particular, the ESKAPE 
pathogens Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Acinetobacter baumannii, and 
Pseudomonas aeruginosa are notorious for evading antimicrobial action (Kuznetsova et al., 2025). In India, 
AMR is exacerbated by unregulated antibiotic sales, inadequate hygiene infrastructure, and bacteria in 
hospitals and water systems (Sharma 2023; Raj 2024). Global responses include the WHO’s One Health 
Framework, GLASS surveillance, AI-based tracking, phage therapy, and next-generation antibiotics 
(Chindelevitch et al., 2022; Shim, 2022; Wikipedia, 2025). 
 
Herbal medicines as sustainable alternatives for peptic ulcer disease management 
Herbal medicines are emerging as effective and sustainable alternatives for managing peptic ulcer disease 
(PUD) because of their multi-targeted actions, affordability, and minimal side effects (Amoah et al., 2023). 
Plant-derived compounds, such as Glycyrrhiza glabra (licorice), Curcuma longa (turmeric), Zingiber 
officinale (ginger), and Camellia sinensis (green tea), exhibit anti-H. pylori activity, antioxidant activity, and 
mucosal protective properties, thereby promoting ulcer healing and long-term gastrointestinal health (Park et 
al., 2022; Singh et al., 2024). Unlike synthetic drugs, which often cause dysbiosis and resistance, herbal 
remedies act via diverse phytochemicals, supporting the gut microbiota and immune modulation (Zhao et al., 
2023). Their accessibility makes them particularly valuable in low-resource environments. 
 

II. Materials and methods 
 
Selection, collection, and extraction of drugs:  From an initial list of 100 medicinal plants with reported 
antibacterial properties, 20 were selected for this study: Babool (Acacia arabica (Lam.), Fabaceae, bark), Bael 
(Aegle marmelos, Rutaceae, leaves/bark/fruits), Garlic (Allium sativum, Amaryllidaceae, bulbs), Aloe Vera 
(Aloe barbadensis, Asphodelaceae, leaves), Neem (Azadirachta indica, Meliaceae, leaves), Indian Barberry 
(Berberis aristata, Berberidaceae, stem), Beetroot (Beta vulgaris, Amaranthaceae, roots), Papaya (Carica 
papaya, Caricaceae, leaves), False Daisy (Eclipta alba, Asteraceae, aerial parts), Sacred Fig (Ficus religiosa, 
Moraceae, latex), China Rose (Hibiscus rosa-sinensis, Malvaceae, flowers), Mango (Mangifera indica, 
Anacardiaceae, stem bark), Wild Mint (Mentha arvensis, Lamiaceae, leaves), Touch-Me-Not (Mimosa pudica, 
Fabaceae, whole plant), Drumstick Tree (Moringa oleifera, Moringaceae, leaves/bark/seeds), Holy basil 
(Ocimum sanctum, Lamiaceae, leaves), Stonebreaker (Phyllanthus niruri, Phyllanthaceae, leaves), Black 
Nightshade (Solanum nigrum, Solanaceae, whole plant), Tamarind (Tamarindus indica, Fabaceae, 
stem/bark/leaves), and Chebulic Myrobalan (Terminalia chebula, Combretaceae, leaves). All plant materials 
were procured from authenticated local markets, thoroughly cleaned to remove impurities, and dried at room 
temperature. The dried samples were coarsely powdered and subjected to ethanol extraction by maceration. 
The extracts were filtered, concentrated, and dried to obtain a dry powder for subsequent antibacterial 
evaluation.   
 
Evaluation of antibacterial activity against E. coli by well diffusion assay  
Herbal crude drugs were assigned codes for the agar diffusion assay, such as HB for Holy basil and TC for 
Terminalia chebula. Nutrient agar media (SRL Chemicals) was prepared (28 g/L), sterilized (121°C, 15 psi, 15 
min), and poured into plates. For the well diffusion assay, E. coli MTCC42 (10⁸ CFU/mL) was swabbed on 
plates, with 6 mm wells filled with plant extract (25-100 μg/mL) or ofloxacin standard (10 mg/mL). After 
diffusion (30 min) and incubation (37°C, 24 h), the zones of inhibition were measured (Manandhar, 2019; 
Mohammadi-Sichani, 2012). For MIC determination, two-fold serial dilutions (10-0.0195 mg/mL) of the 
ethanolic extract in Mueller-Hinton broth (HiMedia) were prepared in 96-well plates. Each well was inoculated 
with 100 μL of bacterial suspension (10⁵ CFU/mL) and incubated (37°C for 24 h). The MIC was recorded as 
the lowest concentration that showed no visible growth (CLSI, 2023). Positive (ofloxacin) and negative (broth 
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+ solvent) controls were also included. All experiments were performed in triplicate under aseptic conditions, 
in a laminar airflow chamber. 
 
Antibacterial evaluation against H. pylori using well diffusion and MIC assays   
Ethanolic extracts were dissolved in dimethyl sulfoxide (25-100 μg/mL) for evaluation (Blanchard et al., 2006). 
For the well diffusion assay, H. pylori (10⁸ CFU/mL) was cultured on Columbia blood agar, with extracts and 
antibiotic controls (10 mg/mL DMSO) loaded into 6-mm wells. The plates were incubated microaerophilically 
(37°C, 5 days), and the zones of inhibition were measured (Mohammadi-Sichani et al., 2012; Manandhar et al., 
2019). For MIC determination, two-fold serial dilutions of the extracts in BHI broth with 5% FBS were 
inoculated into 96-well plates and incubated microaerobically (37°C for 72 h). The MIC was recorded as the 
lowest concentration showing no turbidity, using amoxicillin as the standard and DMSO as the control (CLSI, 
2015, 2023; Balouiri et al., 2016).   
 

III. Results & discussion 
 
Evaluation of antibacterial activity (ZOI & MIC) against E. coli 

 
             Plate 1 

Plate 2 Plate 3 Ethanolic extract  

   

Allium sativum 

   

Eclipta prostrate 

   

Phyllanthus niruri 

   

Azadirachta indica 

 

Standard (Ofloxacin) 

Fig 1: Triplicates of zone of inhibition of Allium sativum, Eclipta prostrate, Phyllanthus 
niruri, Azadirachta indica ethanolic extract and standard (Ofloxacin) 

 
Zone of inhibition against E. coli: The zone of inhibition (ZOI) study revealed the concentration-
dependent antibacterial activity of various plant extracts against Escherichia coli. Eclipta prostrata showed 
the strongest effect at 100 μg/mL (16.66 ± 1.527 mm), consistent with previous findings that identified 
wedelolactone and other flavonoids in E. prostrata as bioactive agents with significant antibacterial activity 
against gram-negative bacteria, including E. coli (Manimegalai et al. 2012, Dash et al. 2011). This was followed 
closely by Azadirachta indica at 400 μg/mL (17.67 ± 2.516 mm), consistent with prior studies showing that 
neem leaf extracts inhibit E. coli growth, particularly at higher concentrations, due to nimbidin and 
azadirachtin (Bandyopadhyay et al. 2002, Biswas et al. 2002). Allium sativum also demonstrated notable 
activity (15 ± 1 mm at 100 μg/mL), in agreement with extensive reports on the antibacterial properties of garlic, 
attributed mainly to allicin (Ankri et al. 1999, Amagase et al. 2001). Notably, Phyllanthus niruri and 
Azadirachta indica exhibited unique dose-responsive patterns, showing no activity at lower concentrations but 
significant inhibition at higher doses (400 μg/mL). This dose dependency reflects earlier findings that the 
antimicrobial action of P. niruri is concentration-dependent, likely due to the presence of phyllanthin and 
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hypophyllanthin (Harish et al. 2006). The zones of inhibition in triplicate for Allium sativum, Eclipta 
prostrata, Phyllanthus niruri, Azadirachta indica ethanolic extract, and the standard are shown in Fig 1.                  
While all active extracts displayed increasing ZOI with increasing concentration, none approached the potency 
of the standard antibiotic, ofloxacin (32 mm), highlighting the superior efficacy of synthetic agents at lower 
concentrations. These data suggest that Eclipta prostrata, Azadirachta indica, and Allium sativum may 
contain particularly effective antimicrobial compounds. These findings correlate with the traditional use of 
these plants in treating infections and provide a scientific basis for their potential application in antimicrobial 
formulations, particularly at higher concentrations of the extracts. 
 
Minimum inhibitory concentration against E. coli 
Azadirachta indica (neem) demonstrated exceptional antibacterial activity with the lowest MIC 
(31.25 ± 2.5 μg/mL), attributed to its potent bioactive compounds azadirachtin and nimbin. These findings are 
in agreement with those of prior studies that have documented the strong antimicrobial activity of neem 
extracts, particularly against gram-negative bacteria, including E. coli and Staphylococcus aureus (Biswas et 
al. 2002; Subapriya et al. 2005). Similarly, Berberis aristata (62.5 ± 5 μg/mL), due to the isoquinoline alkaloid 
berberine, and Allium sativum (62.5 ± 5 μg/mL), which contains the organosulfur compound allicin. Both 
compounds have been shown to disrupt bacterial cell walls and inhibit DNA synthesis (Kirtikar et al. 1991, 
Kulkarni et al. 2010, Birdsall et al. 1997, Ankri et al. 1999). Moderately active extracts included Mentha arvensis 
(125 ± 10 μg/mL) and Moringa oleifera (125 ± 9 μg/mL), likely because of the presence of phenolic acids and 
flavonoids, which exert membrane-disrupting effects and oxidative stress on microbial cells (Hussain et al. 
2010, Anwar et al. 2007). Notably, Ocimum sanctum (holy basil) and Aloe barbadensis (aloe vera) shared 
identical MICs (250 ± 20 μg/mL), suggesting comparable antimicrobial potential despite their different active 
compounds, eugenol in basil and aloin in aloe, both of which are known for their broad-spectrum antibacterial 
activities (Mondal et al. 2009, Habeeb et al. 2007). 
Although all plant extracts exhibited measurable antibacterial effects, their MIC values were substantially 
higher than that of ofloxacin (0.05 ± 0.005 μg/mL), reinforcing the superior potency of synthetic antibiotics. 
These findings validate the ethnopharmacological use of Azadirachta indica, Berberis aristata, and Allium 
sativum in treating infections and suggest that they could serve as effective adjuncts in antimicrobial therapy. 
These findings provide a scientific basis for selecting plant-derived agents for developing novel antimicrobials, 
with neem extract emerging as the most promising candidate.  
 
Evaluation of antibacterial activity against Helicobacter pylori 

   

  
 

Fig 2: Zone of inhibition of ethanolic herbal extracts against Helicobacter pylori 
 
Zone of inhibition and minimum inhibitory concentration against H. pylori: Among the 20 herbal 
extracts tested, only four demonstrated measurable activity against H. pylori. Sample 2 (Allium sativum, 
garlic) and Sample 4 (Azadirachta indica, neem) exhibited the strongest effects, with inhibition zones of 8.45 
± 0.50 mm and 7.15 ± 0.35 mm, respectively, and identical MIC values of 16 ± 2 µg/mL, indicating potent 
antibacterial properties. Fig 2 shows the zones of inhibition of the ethanolic herbal extracts against 
Helicobacter pylori. These findings are supported by previous studies that have identified allicin, the major 
bioactive compound in garlic, as effective against H. pylori, with reported MICs in a similar range (1–32 
µg/mL) [Cellini et al. 1996, Sivam et al. 1997]. Similarly, neem has shown strong anti-H. pylori effects, which 
are attributed to compounds such as nimbidin and azadirachtin [Bandyopadhyay et al. 2002, Akinboro et al. 
2007]. Sample 14, Ocimum sanctum (holy basil), showed moderate activity with a 5.85 ± 0.30 mm inhibition 
zone and a higher MIC of 64 ± 6 µg/mL, suggesting a lower efficacy. Previous research corroborates this 
moderate activity, citing eugenol and ursolic acid as contributors to its antimicrobial profile [Mondal et al. 
2011]. Sample 18, Aloe barbadensis (aloe vera), had the weakest effect, with only 3.25 ± 0.20 mm of inhibition 
and a significantly higher MIC (512 ± 25 µg/mL), implying limited practical use. Although Aloe vera contains 
anthraquinones and other phenolic compounds, previous studies have noted its limited efficacy against H. 
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pylori unless combined with other agents [O’Mathuna et al. 2013]. The remaining 16 extracts, including 
Tamarindus indica (imli) and Moringa oleifera (drumstick), showed no detectable activity, highlighting the 
selective antibacterial properties of these medicinal plants. 
These findings suggest that garlic and neem are the most promising natural agents against H. pylori, which are 
consistent with their traditional use in gastrointestinal health. Their low MIC values indicate that even low 
concentrations can inhibit bacterial growth, making them potential candidates for complementary therapies. 
Although less potent, holy basil may contribute to broader antimicrobial strategies. Conversely, the high MIC 
of aloe vera suggests that it may not be effective alone but could play a role in supportive formulations. The 
inactivity of most of the tested plants underscores the need for targeted screening when selecting herbal 
treatments for H. pylori infections. Further research should explore the synergistic combinations of the active 
extracts to enhance their efficacy. 
 

IV. Conclusion 
 
Escherichia coli and Helicobacter pylori are significant pathogens that cause urinary tract infections, 
gastroenteritis, and peptic ulcers. This study demonstrated the efficacy of Eclipta prostrata and Azadirachta 
indica against Escherichia coli (due to flavonoids/azadirachtin), whereas Allium sativum and A. 
indica effectively inhibited Helicobacter pylori (via allicin/nimbidin), validating their traditional use in 
managing diarrhea and ulcers. Herbal drugs offer multi-target mechanisms (flavonoids, alkaloids, terpenoids) 
that reduce resistance risks compared to single-target antibiotics, while maintaining safety. These findings 
support the use of herbal medicines as valuable alternatives or adjuncts to synthetic antibiotics, particularly 
for H. pylori-associated ulcers and E. coli infections, combining historical use with scientific validation to 
address antimicrobial resistance challenges through their natural, broad-spectrum antibacterial properties. 
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