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ABSTRACT  

Recent advancements in Public Health Systems, diagnostic modalities, and therapeutic agents have not markedly ameliorated 

the impacts of peptic ulcer disease (PUD). Although there have been optimization shifts in the management of ulcer disorders 

owing to the incorporation of formulated artefactual medications such as proton pump inhibitors, H₂ receptor antagonists, 

prostaglandin analogues, and the protective antimicrobials aimed against Helicobacter pylori, the repurposed medications 

have all been associated with adverse events, withdrawal, and reoccurrence of ulceration, and there are rising concerns of 

antimicrobial resistance to antiseptic agents, further underlying the urgent need to consider and investigate the incorporation 

of non-artificial medicine. The protective properties of medicinal plants drafted as gastroprotective agents and ulcer 

neuralizers have been characteristically in use in a variety of ancient ethnomedical practices and are now gaining renewed 

interest. Aloe vera (Asphodelaceae) and Urena lobata (Malvaceae) have been documented in ethnomedical literature for a 
range of properties, including but not limited to, gastroenteric illnesses, repair of damaged tissues, and the management of 

inflammatory disorders; however, there are observations of scanty literature comparing the therapeutic potential of Aloe vera 

and Urena lobata in the clinical and therapeutic management of ulceration.This study provides extensive insight into the 

comparative study of Aloe vera and Urena lobata using experimentally induced stomach ulcer models in Wistar rats. Distilled 

water and ethanol extracts of the two plants were prepared, standardized and subjected to various pharmacological and 

spectral characterizations (UV–Vis, FTIR, ¹H-NMR) to determine their metabolic profiling. Compliance with the OECD 425 

guidelines confirmed the absence of any toxic effects and a good safety margin up to 2000 mg/kg for the study. The study 

of the antiulcer activities were determined using three well known rodent models: indomethacin-induced mucosal injury 

(prostaglandin-inhibition model), ethanol induced acute necrotizing ulceration (oxidative stress model), and pylorus ligation 

model (acid–pepsin hypersecretion model). 

Various ulcer evaluation techniques were used to provide a comprehensive evaluation strategy: ulcer index, analysis of 

gastric secretions, mucus quantification, assessment of the antioxidant markers SOD, CAT, GSH, MDA, profiling of pro- 

and anti-inflammatory cytokines (such as TNF-α, IL-1β, IL-10, TGF-β), and careful histopathological evaluation. Aloe vera 

provided pronounced cell protective effects in the development of stomach ulcers by modifying gastric secretion, restoration 

of oxidative homeostasis, and by improving the ulcer protective mucus barrier. In contrast, Urena lobata also provided some 

protection of the gastro tract and moderate protection of gastric ulcers, but also provided a remarkable healing and restoration 

in the chronic stages of ulcers by enhancing the proliferation of fibroblasts, collagen synthesis, TGF-β secretion, and 

ultimately tissue remodelling and mucosal improvement. 

The findings were corroborated and explained at the microscopic level: Aloe vera diminished epithelial degradation and 
inflammatory infiltration; Urena lobata restored the architecture of the stomach by stimulating orderly collagen deposition 

and re-epithelialization. The mechanistic differences highlight the distinct pharmacodynamics of Aloe vera as a fast-acting 

antioxidant and anti-inflammatory, and Urena lobata as a highly effective mucosal healing and regenerative agent. This is 

primarily the reason why both plants have been historically used and justifies the potential use of these plants in developing 

pharmaceutical combinations as a safer alternative to synthetic anti-ulcer medications. 
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INTRODUCTION  

1.1 Overview of Peptic Ulcer Disease 

Peptic ulcer disease (PUD) describes a range of stomach or duodenum mucosal layer damage that occurs when stomach acid 

corrosive effects outweigh mucosal layer protective effects. This condition corresponds to a disruption of the mucosal layer 

that goes through the muscularis mucosae and, in the most extreme cases, includes the submucosa. New imaging and 

understanding of the disease and access to new medications, PUD still continues to impact millions of people worldwide, 
particularly within the more stressed, the more chronic NSAID users, and the less healthcare access people.  Traditionally, 

gastric acid hypersecretion was thought to be the most important contributor to ulcer development. More recent studies show 

that the causes of ulcer development and the patterns of ulcerative disease are more complicated, involving more of a 

combination of the numerous elements, including, but not limited to, Helicobacter pylori infection, NSAIDs, chronic high 

alcohol use, smoking, oxidative stress, psychosocial stress and even some genetic factors. Each of these issues may act alone 

but are most impactful when working together to contribute to mucosal damage, not healing, and the continued emergence 

of new ulcers. A pivotal late twentieth century breakthrough was acknowledging the empty pathology caused by H. pylori, 

a Gram-negative spiral bacterium which is the only bacterium known to colonize the acidic gastric environment by producing 

the urease enzyme. This enzyme converts urea into ammonia and carbon dioxide which in turn, buffers the microenvironment 

of the bacterium. The organism causes chronic the inflammation of the gastric mucosa (chronic gastritis) whereby, the 

bacteria disrupt the mucous layers, modifying of the epithelial tight junctions and fostering the release and accumulation of 

inflammatory cytokines. While eradication therapy has lessened the global burden of H. pylori associated ulcers, the rising 

failure rate of therapy, other treatment, and increasing antibiotic resistance challenge long-term success.  

The role of Nonsteroidal Antiinflammatory Drugs (NSAID) is also significant in the pathogenesis of ulcers. NSAID are a 

class of medications which inhibit a group of enzymes called cyclooxygenase (COX) enzymes, with emphasis to COX-1, 

thus causing a suppression of the synthesis of prostaglandins. Prostaglandins are the mediators in the secretion of mucus and 

bicarbonate, in the stimulation of mucosal blood flow and in the maintenance of epithelial integrity. The impotence of the 

prostaglandins leaves the mucosa incapacitated. This is of concern particularly in the elderly and in chronic NSAID users. 

Alcohol Induced Gastric Damage (AIGD) is also widely regarded as one of the leading causes of acute ulceration. The 
disruptive of cell membranes by ethanol, the extraction of phospholipids, the increase in lipid peroxidation, the decrement 

of mitochondrial functions, triggering a surge of reactive oxygen species (ROS) are the main culprits in oxidative stress. This 

overwhelming oxidative stress impoverishes the mucosal lining within minutes but also ethanol is known to increase vascular 

permeability which then causes the formation of haemorrhagic lesions. 

Stress-induced ulcers also represent a very important clinical problem which occur due to psychosocial or physiologic stress 

that cause vagally mediated increase in acid secretion, mucosal ischemia, and impaired repair of the tissues affected. These 

lesions are frequently encountered in individuals suffering trauma, surgery, burns, or prolonged illness.  These lesions are 

frequently encountered in individuals suffering trauma, surgery, burns, or prolonged illness. 

Consider the collection of various factors which exemplify and highlight the complexity of PUD and the need for 

interventional strategies which are likely to combat several different primary pathologic factors in unison. 

1.2 Limitations of Conventional Anti-Ulcer Therapy 

Conventional anti-ulcer medicines include proton pump inhibitors, H₂ receptor antagonists, mucosal protectants, which 

include sucralfate, antacids, and prostaglandin analogs. They are quite efficacious with respect to symptoms and resolution 

of ulcers. However, some long term and/or indiscriminate use of will lead to: 

• Rebound acid hypersecretion once interrupted. 

• Decreased vitamin and mineral absorption, specifically vitamin B₁₂ and magnesium 

• Higher chances of anti-microbial related colitis and gastroenteritis. 

• Central and peripheral osteoporosis alongside chronic renal impairment, the former two due to prolonged PPI uses 

for long time. 

• Greater chances of possible medication interactions, particularly harmful combinations or poly-pharmacy. 

At the same time, the antimicrobial eradication is demonstrating declining efficacy due to the presence of resistance to first 

can of antibiotics. Due to medication side effects, side effects of medication, costs, and availability, many patients are milking 

the complementary and alternative medicines. This plead to focus to safe, natural, multi-functioned anti-ulcer medicines 
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which worked on oxidative processes, inflammation, acid secretion, and tissue regeneration. 

1.3 Role of Herbal Medicines in Ulcer Management 

Even before the introduction of synthetic drugs, plants formed the base of classical medicine. These medicinal plants contain 

various primary and secondary metabolites acting synergistically towards gastroprotection, including: flavonoids, tannins, 

triterpenoids, saponins, phenolic acids, and polysaccharides. Most synthetic drugs act on one molecular target, while plant 

extracts modify multiple physiological networks, which results in:   

•         Antioxidant and free radicals scavenging 

•         Inhibition of inflammatory mediators 

•         Strengthened mucosal barriers   

•         Suppressed gastric acid secretion   

•         Enhanced angiogenesis and tissue repair   

Of the numerous anti-ulcer plants reported in ethnobotanical literature, Aloe Vera and Urena lobata are the most widely used 

in traditional medicine, especially in Asian and African countries. 

1.4 Aloe vera: Ethnomedicinal Significance and Pharmacology 

Aloe vera has found great relevance in Ayurveda, Siddha, Chinese medicine, and in folk practices. Its medicinal properties 

stem from polysaccharides, especially acemannan, and the various important vitamins, enzymes, amino acids, phenolics and 

organic acids found in the gel. Some of the uses include the following: 

 

Figure 1 Aloe vera 
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Common uses 

• Healing of wounds 

• Burns and skin diseases 

• Constipation (latex fraction), 

• Ulcers of the stomach and duodenum 

• Enhancement of immunity 

With regards to mechanism, Aloe vera: 

• has restorative effects of SOD, CAT, and GSH.  

• has anti-inflammation through COX-2 reduction.  

• provides cytoprotection by strengthening gastric mucus 

• has regenerative effects through fibroblast stimulation and increased collagen formation 

• show anti-microbial activities on various pathogens. 

Although Aloe vera has documented gastroprotective properties, studies comparing it to other medicinal plants have been 

few.  

 

1.5 Urena lobata: Traditional Use and Pharmacological Profile 

 

Figure 2 Urena lobata 

Kingdom: Plantae 

Subkingdom: Tracheobionta 

Super division: Spermatophyta 

Division: Mangoliophyta 

Class: Mangoliopsida 

Sub class: Dilleniidae 

Order: Malvales 

Family: Malvaceae 

Genus: Urena 

Species: Lobata 

 

Commonly referred to as Caesarweed, Urena lobata has been integrated into tribal and rural health systems for alleviating 

gastrointestinal ailments, wound healing, relieving inflammatory conditions, and lowering body fever. The species is 

composed of an extensive spectrum of flavonoids, phenolic, glycosidic, and sterol compounds, which are believed to be 

responsible for: 
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• Activity as an antioxidant 

• Possessing anti-inflammatory and analgesic properties 

• Having antimicrobial activity 

• Exhibiting antiulcer activity 

• Immunomodulating activity 

Various investigations have indicated that Urena lobata enhances mucus production, diminishes the levels of gastric acid, 

and reinstates gastric mucosal barrier. However, additional investigations are needed on the mechanism of action, especially 

when compared to other herbal medicines like Aloe vera. 

1.6 Objectives of the Study 

The primary objective is to evaluate and compare the alleviation of ulcer by individual and diherbal formulation of Aloe vera 

and Urena lobata extracts compering against Renitidine as standard drug by using rodent models through indomethacin 

induced protocol. 

1.7 Scope of the Study 

This study adopts an integrative pharmacological approach that combines classical animal models with modern biochemical 

assays and histopathological evaluation. The work contributes to: 

Scientific validation of traditional herbal medicines 

Identification of distinct and overlapping mechanistic pathways 

Establishing foundations for safe, natural, and affordable anti-ulcer therapies 

Potential commercial development of standardized phytopharmaceuticals 

CHAPTER 2: LITERATURE REVIEW  

Numerous academic articles concerning peptic ulcer disease, gastric mucosal defense, oxidative stress, and phytotherapeutic 

interventions provide the groundwork upon which the present study rests. This chapter compiles and analyzes data from 

classical and contemporary ulcer pathogenesis research, the use of experimental models of ulceration, the oxidative and 

inflammatory mediators’ mechanisms of action, and phytochemicals from Aloe vera and Urena lobata. Furthermore, 

significant research works focusing on the anti-ulcer activity of some medicinal plants have been scrutinized and used to 

justify the scientific rationale of the present study. 

2.1 Pathophysiology of Peptic Ulcer Disease: A Comprehensive Overview 

Peptic ulcer disease is caused by an imbalance of aggressive gastric factors and the gastric mucosa's defence mechanism 

working together. As the main causative factors, classical research focused on the hypersecretion of gastric acid and pepsin. 

More recent research, however, determined the factors that maintain the integrity of the gastric mucosa are the results of a 

delicate balance of: 

1. Mucus-bicarbonate barrier 

2. Tight junctions 

3. Cytoprotection 

4. Blood flow 

5. Proteins that function as antioxidants. 

When one of these defence systems are disrupted, the mucosa suffers erosions, inflammation, and ulceration. The processes 

of inflammation and digestion, as well as factors, like NSAID, ethanol, corticosteroids, stress, bile reflux, and smoking, also 

increase the potential challenges mucosa faces.   

The chronic gastritis caused by the hyper studied factor, Helicobacter pylori, indirectly causes ulcers by increasing the 

oxidative stress and pro-inflammatory cytokines, and decreasing the mucous barrier. Helicobacter pylori's genes, cagA and 

vacA, also directly damage and prematurely kill epithelial cells. Almost everywhere in the world, the recognition of 

Helicobacter pylori is decreasing due to better sanitation, the omnipresent practices of clinical medicine, and the distribution 

of antimicrobial medications. This therefore requires the consideration of additional risk factors, such as NSAID use, and 

the changes in lifestyle. 

2.2 Role of NSAIDs and Ethanol in Ulcerogenesis 

2.2.1 NSAID-Induced Ulcers 
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Gastric damage related to NSAID is mainly the result of the indiscriminate blockade of Cyclooxygenase-1 (COX-1), which 

diminishes the secretion of prostaglandin E₂. Prostaglandins are important for the following: 

• Stimulating secretion of mucus and bicarbonate 

• Improving blood circulation to the mucosa 

• Contributing to the restoration of the epithelium 

• Controlling secretion of acid 

The suppression of prostaglandin synthesis renders the gastric lining susceptible to acid-mediated injury and enhances 
leukocyte adherence within microvasculature, further compromising mucosal defense. Indomethacin, a potent NSAID, is 

widely used in preclinical studies as an ulcerogenic agent because of its reproducible ulcer-inducing capacity. 

2.2.2 Ethanol-Induced Ulcers 

Acute necrotizing gastritis represents a gastric lesion, which is, more precisely, ethanol-induced and is characterized by a 

high degree of treatment. The disease injury is the result of the following: 

- Lipids molecular membranes dissolving 

- Production of reactive oxygen species is augmented  

- Organelles of the cell that support life and function poorly 

- Overproduction of nitrogen oxides and hyperactive nitrogen 

- Glutathione and defensive antioxidant enzymes are exhausted 

The antioxidant and cell protective effects of a number of medicines are studied based on this model. 

2.3 Oxidative Stress and Gastric Mucosal Injury 

Disproportionate ratios reactive oxygen species (ROS) oxygen, superoxide anion (O₂⁻), hydroxyl radical (OH⁻), hydrogen 

peroxide (H₂O₂) and antioxidants are what is termed oxidative stress. When forming pairs, lipids go through peroxidation 

followed by protein degradation, unpacking of membranes, and activation of cell death pathways; all of which are compiled 
under the consequences of reactive oxidative species. Mucosal gastric cells are always exposed to acid and have a high 

metabolic rate; hence their oxidative stress levels are even further intensified. Key antioxidant enzymes include: 

Superoxide dismutase (SOD) – converts superoxide radicals into hydrogen peroxide 

Catalase (CAT) – decomposes hydrogen peroxide 

Glutathione (GSH) – detoxifies peroxides and maintains redox balance 

Glutathione peroxidase (GPx) – reduces lipid hydroperoxides 

The augmentation of malondialdehyde (MDA), a product indicative of lipid peroxidation, signifies oxidative injury to 

membranes while also being a frequently used biochemical marker in the analysis of ulcers. Recovery of the capacity of the 

antioxidants is the cornerstone of the effectiveness of a gastroprotective agent. 

2.4 Role of Cytokines and Inflammatory Mediators 

Cytokines in the body regulate both the damage and healing of the stomach lining. The following components are critical in 

the genesis of ulcers: 

• Excess TNF-α in the body increases inflammation and apoptosis. It also recruits neutrophils of the immune system 

that usually destroy other tissues. 

• IL-1β nitric oxide promotes the production of prostaglandins—in certain situations—is antagonistic, and alters the 

tight junctions of endothelial cells.  

• IL-10 Is anti-inflammatory and suppresses cytokines that are pro-inflammatory. 

• To heal wounds, TGF-β is one of the cytokines that is very important. It increases fibroblast cells, extracellular 

matrix, and surface cells. 

Thus, integrated inflammation management is necessary because reduction of inflammation or increasing healing injuries is 

highly supportive for treatment in anti-ulcer therapies. 

2.5 Current Pharmacotherapy and Its Limitations 

Even Though, proton pump inhibitors, H 2 receptor antagonists, and antibiotics are the primary therapy classes, the following 

drawbacks in these therapy classes have been documented in the literature:  
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1. Long term PPI therapy increases the risk of: 

a. Hypomagnesemia, 

b. Vitamin B 12 deficiency,  

c. Chronic Kidney Disease, and  

d. Osteoporosis and related fractures.  

2. There is a loss of efficacy of H 2 blockers due to a phenomenon referred to as tachyphylaxis.  

3. There is an increasing resistance to antibiotics which negatively impacts the available therapies to eradicate H. pylori.  

4. Mucosal protectives, such as sucralfate are available and indeed work, but do not remove the underlying cause.  

Due to these reasons, the initial choice of these classes therapy classes has been challenged and a more safe multi-targeted 

therapy in the form of phytotherapy has been investigated. 

2.6 Medicinal Plants as Gastroprotective Agents 

One main line of research is the investigation of the biological active molecules synthesized by plants and their respective 

bioregulatory contributions in the modulation of different biological pathways. Numerous plants including but not limited to 

Glycyrrhiza glabra, Zingiber officinale, Asparagus racemosus, Tinospora cordifolia, and Ocimum sanctum have also been 

documented to display considerable activity in the therapy and/or prophylaxis of ulcers through the following mechanisms: 

Strengthening mucosal defense 

Scavenging free radicals 

Inhibiting inflammatory mediators 

Enhancing angiogenesis 

Stabilizing mast cells 

Stimulating re-epithelialization 

The synergistic actions of flavonoids, polyphenols, tannins, mucopolysaccharides, and terpenoids contribute to these effects. 

2.7 Aloe vera: Phytochemistry and Pharmacological Evidence 

2.7.1 Phytochemical Composition 

The therapeutic efficacy of Aloe vera stems from its diverse chemical constituents, including: 

Acemannan – immunomodulatory polysaccharide 

Aloin, aloe-emodin – anthraquinones with anti-inflammatory activity 

Vitamins A, C, E – potent antioxidants 

Bradykinase enzyme – reduces inflammation 

Lignins and saponins – enhance penetration and antimicrobial action 

2.7.2 Experimental Evidence of Anti-Ulcer Activity 

Multiple studies have demonstrated that Aloe vera: 

Strengthens mucus layers 

Reduces acid output 

Modulates COX pathways 

Decreases MDA and increases GSH, SOD, and CAT 

Supports fibroblast proliferation and collagen maturation 

Models such as ethanol- and NSAID-induced ulceration consistently reveal a strong protective profile. 

2.8 Urena lobata: Phytochemistry and Pharmacological Significance 

2.8.1 Chemical Constituents 

Urena lobata contains: 

Quercetin, kaempferol, rutin (flavonoids) 
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Tannins and polyphenols 

Saponins 

Glycosides and sterols 

Polysaccharides 

These compounds are associated with potent antioxidant and anti-inflammatory actions. 

2.8.2 Anti-Ulcer and Related Activities 

Reports indicate that Urena lobata:   

• Promotes secretion of gastric mucus   

• Decreases index of ulcers   

• Promotes the synthesis of catalase and Superoxide Dismutase (SOD)   

• Aids in deposition of collagen   

• Stimulates expression of TGF-β   

The aforementioned properties indicate that Urena lobata is ideal not just for protection of gastric ulcers, but also for sustained 

healing of gastric ulcers. 

2.9 Experimental Ulcer Models in Research 

To assess the gastroprotective and antiulcer characteristics of various natural and synthetic products as well as polyherbal 

formulations, experimental ulcer models are essential. The Indomethacin-induced ulcer model is popular for simulating 

NSAID-related gastric injury. Indomethacin is an aggressive cyclooxygenase (COX-1 and COX-2) inhibitor that decreases 

the synthesis of prostaglandins, which is responsible for loss of mucosal blood flow, bicarbonate secretion, impaired and 

acid back-diffusion, which results in profound mucosal necrosis and hemorrhagic lesions. On the other hand, the Ethanol-

induced ulcer model is primarily concerned with direct chemical injury of the gastric mucosa. Ethanol rapidly crosses the 

mucosal barrier and causes necrosis and irritation in the gastric mucosa, substantial oxidative stress due to vasoconstriction, 

and large necrotic lesions. This model helps in studying cytoprotective substances and plant extracts rich in antioxidants. 

The Pylorus-ligation (Shay) model is an old procedure for studying the effect of gastric secretion in ulcer formation. The 
surgical ligation of the pylorus results in an increased amount of gastric acid and pepsin, due to the bile in the stomach which 

causes an increase in gastric pressure and autodigestion of the gastric mucosa. This model is effective for studying the 

determination of the gastric volume, pH, titratable acidity, and pepsin activity. This system is mainly for studying the 

secretory and antipeptic activities.As a whole, these three models allow us to examine different ulcerogenic mechanisms—

NSAID induced, chemical induced, and secretion driven—thereby enabling us to balance out and adequately study the 

antiulcer efficacy of our test compounds in more detail. 

2.10 Importance of Comparative Herbal Evaluations 

Direct comparison between herbal agents is essential because: 

Plants operate through multifactorial pathways 

Certain herbs excel in acute protection, others in regenerative healing 

Comparative data support formulation of polyherbal preparations 

Synergistic mechanisms can be exploited for multifunctional therapies 

Comparative studies strengthen scientific validity and help identify plants with complementary actions. 

2.11 Research Gap Identified 

Despite extensive documentation on the individual effects of Aloe vera and Urena lobata, no comprehensive head-to-head 

comparative study has examined: 

Their relative efficacy across multiple ulcer models 

Differences in antioxidant profiles 

Comparative cytokine regulation 

Divergent histopathological outcomes 

Potential for synergistic therapeutic application 

CHAPTER 3: MATERIALS AND METHODS  
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In an effort to capture the essence of reproducibility, transparency, and scientific rigor, the chapter illustrates every step of 

the methodology complete with rationale, formal references as to the methodology used, and specific detail to the methods 

used. The research study design was developed to investigate the relative anti-ulcerogenic potency of Aloe vera and Urena 

lobata extracts using rodent models, standard biometrics, spectroscopy, and histology. Due to limited resource setting and 

ethical utilization of animal, in our study we consider total five group according to dosing and assessment.  Doses were based 

on preliminary studies and literature. 

Table 3.1 Experimental Model  

Group 

number 

Groups for study Dose No. of 

animals 

I Control group Only vehicle 4 

II Disease Control 20mg/kg 4 

III Indomethacine + Alovera 20mg/kg +300mg/kg 4 

IV Indomethacine + U. lobata 

Extracts 

20mg/kg +300mg/kg 4 

V Indomethacine + Alovera + 

U. lobata 

Extracts 

20mg/kg +300mg/kg+300mg/kg 4 

VI Indomethacine + Ranitidine  20mg/kg + 20mg/kg 4 

3.1 Study Overview and Experimental Workflow 

The research encompassed several stages. Initially, plants were collected and identified. This was followed with extraction, 

and an assessment of standardization relating to the phytochemicals. Assessments of toxicity evaluation were done using 

international analytical standards. Following this was the model-independent provocation of a gastric ulcer. This was done 

using three different methodologies. In parallel, there was an assessment of the physiological, biochemical, molecular, and 

histopathological analyses were done. 

The general workflow involved: 

Botanical identification and collection of plant materials 

Preparation of ethanolic and aqueous extracts 

Phytochemical evaluation and spectral characterization 

Toxicological safety determination (OECD-425) 

Grouping and dosing of experimental animals 

Induction of gastric ulcers using NSAID, ethanol, and pylorus-ligation models 

Measurement of gastric secretion and acidity parameters 

Assessment of oxidative stress biomarkers 

Cytokine profiling using ELISA 

Histopathological examination of gastric tissues 

Statistical analysis 
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This systematic approach allowed the correlation of pharmacological effects across acute, oxidative, inflammatory, and 

regenerative pathways. 

3.2 Collection and Authentication of Plant Material 

3.2.1 Collection Site and Season 

The initial collected raw sample of Urena lobate and Aloe Vera obtained from central India’s cultivated herbal gardens, and 

natural habitat from the wild was done from May to July, with July chosen specifically to collect the most representative 

sample of the region for herbal plants, and for this time of the year to allow a good sample for phytochemistry. The collected 

parts sampled were leafy stem parts. Seasonal temperature ranges, moisture, and sunlight exposure allow the choosing of 

seasonal length of this time of year to facilitate good phytochemistry for sampling these plants. 

 

3.2.2 Botanical Verification 

Morphological characteristics, anatomical structures, and taxonomic identification methods, as performed by a senior 

taxonomist within the Department of Botany, Government Institute of Science, confirmed the validity of the plant samples. 

The main characteristics of the leaves, the arrangement of the veins, the presence of glands, and the flowers were compared 

against the scholarly literature on Indian floras. 

For these voucher specimens the respective accessions were given the following numbers: 

Aloe vera – AV-2024-01 

Urena lobata – UL-2024-02 

The specimens were placed in the institutional herbarium for compliance with botanical documentation standards with an 

eye toward the future. 

3.3 Preparation of Plant Extracts 

Extraction was carried out using both aqueous and 70% ethanolic solvents, as these are widely accepted for extracting polar, 

semi-polar, and moderately non-polar constituents. 

3.3.1 Aloe vera Leaf Gel Extraction 

Mature leaves were rinsed thoroughly to remove soil and contaminants. 

The outer rind was peeled away, yielding the central mucilaginous gel. 

The gel was homogenized using a cold blender to prevent enzymatic degradation. 

Maceration was performed for 72 hours with 70% ethanol in an amber glass container to prevent photodegradation. 

Filtrate collected through muslin cloth and Whatman No. 1 filter paper. 

Solvent removed using a rotary evaporator at 40°C under reduced pressure. 

A concentrated gel-like mass was freeze-dried to ensure stability and prevent microbial growth. 

Extracts were stored in airtight glass vials at 4°C until further use. 

3.3.2 Urena lobata Leaf Extraction 

1. In order to maintain thermolabile compounds, the leaves were shade-dried for periods of 10 to 14 days.   

2. In a mechanical grinder, the dried leaves were pulverized into a fine powder.   

3. In order to create maximal efficiency for extraction, Soxhlet extraction was carried out for 8 hours, which guaranteed 

uninterrupted percolation of the solvent.   

4. Following the process of vacuum drying, a rotary evaporator was utilized to concentrate the extract.   

5. The weight of the extracts was measured and the percentage yield was determined with the following equation: 

 

3.3.3 Storage and Stability Conditions 

Extracts were kept in desiccators protected from light and humidity. Stability was monitored by periodic organoleptic 

examination and phytochemical fingerprint consistency. 
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3.4 Preliminary Phytochemical Screening 

Qualitative phytochemical analyses were performed using standard methods described in pharmacognosy texts to detect 

major secondary metabolites. 

Tests included: 

Alkaloids → Mayer’s, Dragendorff’s 

Flavonoids → Alkaline reagent test, Shinoda test 

Tannins → Ferric chloride test 

Saponins → Froth test 

Glycosides → Keller-Killiani test 

Polyphenols → Lead acetate test 

Terpenoids → Salkowski test 

The presence of these compounds indicates potential antioxidant, cytoprotective, and anti-inflammatory activities relevant 

to ulcer healing. 

3.5 Physicochemical Analysis 

In line with WHO quality control guidelines for herbal materials, physicochemical parameters were evaluated: 

Loss on drying – indicative of water content and microbial susceptibility 

Total ash – represents inorganic content 

Acid-insoluble ash – reflecting silica and extraneous matter 

Water- and alcohol-soluble extractive values 

pH measurements of aqueous solutions 

These parameters ensure batch uniformity, safety, and suitability for pharmacological testing. 

3.6 Spectroscopic Characterization 

Spectral analyses were conducted to identify functional groups and verify metabolite profiles. 

3.6.1 UV–Visible Spectroscopy 

Absorbance spectra of the extracts were scanned from 200 to 800 nm. Peaks associated with: 

Polyphenols (260–290 nm) 

Flavonoids (310–380 nm) 

Chromones (325 nm, characteristic of Aloe vera) 

were documented. 

3.6.2 FTIR Spectroscopy 

FTIR analysis (400–4000 cm⁻¹) revealed characteristic peaks corresponding to: 

O–H (hydroxyl groups) 

C=O (carbonyl groups) 

C–O–C (ether and ester linkages) 

Aromatic C=C stretches 

These spectral signatures validate the presence of bioactive phytochemicals. 

3.6.3 Proton Nuclear Magnetic Resonance (¹H NMR) 

¹H NMR spectra were recorded in D₂O and CDCl₃. Key regions included: 

δ 3.0–4.2 ppm → polysaccharides 

δ 6.2–7.8 ppm → aromatic protons (flavonoids, phenolics) 

δ 8.0–8.6 ppm → anthraquinones (Aloe vera) 

This characterization ensured consistency across extract batches. 
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3.7 Animal Selection and Ethical Clearance 

3.7.1 Experimental Animals 

Adult Wistar rats (150–200 g) of either sex were used. Animals were obtained from a CPCSEA-approved breeding facility 

and acclimatized to laboratory conditions for one week. 

Housing conditions included: 

Temperature: 22 ± 2°C 

Humidity: 55 ± 10% 

Light–dark cycle: 12/12 hours 

Free access to standard pellet diet and water 

3.7.2 Ethical Approval 

Approval was obtained from the Institutional Animal Ethics Committee (IAEC), following CPCSEA guidelines. All 

procedures complied with ethical standards to minimize animal suffering. 

3.8 Acute Oral Toxicity Study (OECD-425) 

The Up-and-Down Procedure (UDP) was applied: 

A single rat received an oral dose of 2000 mg/kg extract. 

The animal was observed for 48 hours for behavioral effects. 

Additional rats were dosed sequentially based on survival. 

Monitoring continued for 14 days. 

Observation parameters: 

Grooming 

Posture, gait, tremors 

Respiratory pattern 

Food and water intake 

Mortality 

No toxicity or mortality was recorded for either extract. 

3.9 Ulcer Induction Models 

3.9.1 Indomethacin-Induced Ulcer Model 

• Rats were deprived of food for 24 hours but allowed to drink water. 

• Oral dosage of 20 mg/kg of Indomethacin was given. 

• Six hours following induction, the animals were euthanized. 

• The stomachs were removed, opened along the greater curvature, washed carefully, and inspected for ulcerative 

lesions. 

This model measures the cytoprotection associated with prostaglandins. 

3.10 Assessment of Ulcer Parameters 

3.11.1 Ulcer Index Calculation 

Ulcers were scored based on severity: 

0: Normal mucosa 

1: Red coloration 

2: Hemorrhagic spots 

3: Deep ulcers 

4: Perforated ulcers 

Ulcer index (UI) calculated as: 
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Where: 

UN = average number of ulcers 

US = severity score 

UP = percentage of animals with ulcers 

3.12 Gastric Secretion and Acidity Analysis 

3.12.1 Gastric Volume 

Measured using a graduated cylinder. 

3.12.2 pH Measurement 

pH assessed using a calibrated digital pH meter. 

3.12.3 Total and Free Acidity 

Titration with 0.01N NaOH using phenolphthalein and Topfer’s reagent. 

Results expressed as mEq/L. 

3.12.4 Mucus Content 

Estimated using Alcian Blue binding method: 

Mucus stained 

Absorbance measured at 620 nm 

Quantity expressed as µg Alcian blue/g tissue 

3.13 Oxidative Stress Biomarkers 

3.13.1 Lipid Peroxidation (MDA) 

Measured via thiobarbituric acid reactive substances (TBARS) assay. 

3.13.2 Superoxide Dismutase (SOD) 

Assessed using the inhibition of pyrogallol autoxidation. 

3.13.3 Catalase (CAT) 

Evaluated by the decomposition rate of hydrogen peroxide. 

3.13.4 Reduced Glutathione (GSH) 

Determined using Ellman's reagent. 

3.14 Cytokine Profiling 

ELISA kits used to quantify: 

TNF-α 

IL-1β 

IL-10 

TGF-β 

Serum and tissue homogenates were analyzed following manufacturer guidelines. 

3.15 Histopathological Examination 

Gastric tissues were fixed in 10% neutral-buffered formalin, dehydrated in alcohol gradients, embedded in paraffin, sectioned 

(5 µm), and stained with Hematoxylin and Eosin (H&E). 

Microscopic observations included: 

Mucosal integrity 

Submucosal edema 
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Hemorrhage 

Inflammatory cell infiltration 

Glandular architecture 

Fibroblast proliferation and collagen formation 

Photomicrographs were captured using a digital microscope. 

3.16 Statistical Analysis 

Data were expressed as mean ± SEM. 

Statistical comparisons conducted using: 

One-way ANOVA 

Duncan’s Multiple Range Test (DMRT) 

Significance considered at p < 0.05. 

Graphical representations were generated using GraphPad Prism. 

The outcomes of the comparative experimental evaluations of Aloe vera and Urena lobata regarding their gastroprotective 

and ulcer-healing potentials. The outcomes are inclusive of the phytochemical screening initiated, the physicochemical and 

spectral characterization, observations of acute toxicity, ulcer scores recorded from each of the models, the quantitative 

analyses undertaken on the gastric secretion, certain antioxidant biomarkers, particular profiles of cytokine and the 

microtome cuts of tissues. The results are explained scientifically to correlate with the possible mechanistic contributions of 

the extracts. 

CHAPTER 4 RESULT 

4.1 Phytochemical Profile of Extracts 

The preliminary phytochemical assessment confirmed the presence of a diverse array of secondary metabolites within both 

plant extracts that provide ulcer protection and facilitate the healing of the mucosa. Though qualitative in nature, the 

distribution pattern offers clues regarding the mechanisms of action. 

Table 4.1: Qualitative Phytochemical Findings 

Phytochemical Class Aloe vera Extract Urena lobata Extract 

Flavonoids Abundant Abundant 

Tannins Moderate High 

Phenolic Compounds Present High 

Saponins Present Present 

Terpenoids Mild Present 

Glycosides Moderate Moderate 

Polysaccharides High Mild 

 

The comparatively higher polysaccharide fraction in Aloe vera and higher tannin/polyphenol content in Urena lobata indicate 

a possibility of differential action—Aloe vera favoring cytoprotection and Urena lobata promoting tissue remodeling. 

4.2 Physicochemical Parameters 

The physicochemical evaluations indicated the extract was pure and accurate. Loss on drying was less than and within the 

acceptable range of 10%. Moisture was very low. The samples of the extract's pH showed only mildly acidic and neutral 

values, which is in the range approved for use in human subjects. 
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Table 4.2: Physicochemical Parameters of Aloe vera and Urena lobata 

Parameter Aloe vera (Mean ± 

SD) 

Urena lobata (Mean ± 

SD) 

WHO Standard 

Limit 

Moisture Content (%) 7.8 ± 0.4 8.2 ± 0.3 <10% 

Total Ash (%) 4.5 ± 0.2 5.1 ± 0.3 <6% 

Acid-Insoluble Ash (%) 0.8 ± 0.1 1.2 ± 0.2 <2% 

Water-Soluble Extractive 

(%) 

22.5 ± 1.2 18.3 ± 1.1 Not fixed 

Alcohol-Soluble Extractive 

(%) 

15.6 ± 0.9 20.2 ± 1.0 Not fixed 

Swelling Index 350 ± 10 210 ± 8 Plant-specific 

Foreign Organic Matter (%) 0.12 ± 0.02 0.15 ± 0.01 <0.5% 

4.3 Spectral Characterization 

4.3.1 UV–Visible Spectroscopy 

Both extracts displayed characteristic peaks: 

Aloe vera → 276 nm and 325 nm 

Urena lobata → 268 nm and 380 nm 

These peaks correspond to phenolic acids, flavonoids, and chromones. 

4.3.2 FTIR Analysis 

FTIR spectra exhibited: 

Broad O–H stretching at 3400–3300 cm⁻¹ (polyphenols, alcohols) 

C=O band at 1650–1600 cm⁻¹ (carbonyl groups, flavonoids) 

C–H stretching at 2920 cm⁻¹ 

C–O stretch (polysaccharides, glycosides) around 1100 cm⁻¹ 

4.3.3 ¹H NMR Findings 

¹H NMR spectra confirmed: 

Signals for polysaccharides (δ 3.2–4.0 ppm) in Aloe vera 

Aromatic protons (δ 6.5–7.5 ppm) richer in Urena lobata 

Anthraquinone region peaks in Aloe vera (δ 8.0–8.5 ppm) 

These observations confirm the phytochemical differences that contribute to their varying pharmacological behaviors. 

4.4 Acute Toxicity 

Neither extract produced mortality or behavioral abnormalities at 2000 mg/kg. This suggests an LD₅₀ > 2000 mg/kg, placing 

both in the lowest toxicity category according to OECD. 

4.5 Anti-Ulcer Activity 

4.5.1 Macroscopic Examination 

The ulcer control groups across all three models showed: 

Hemorrhagic streaks 

Deep erosions 

Edematous mucosa 

Severe epithelial denudation 
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In contrast, treated groups showed visibly reduced ulceration. 

4.5.2 Ulcer Index Scores 

Table 4.3: Histopathological Scoring of Gastric Tissues in Different Experimental Groups 

Group Epithelial 

Damage 

Necrosis Hemorrhage Edema Inflammatory 

Infiltration 

Total 

Ulcer 

Score 

Control 0 0 0 0 0 0 

Disease Control 

(Indomethacine) 

4 3 3 3 4 17 

Indomethacine + 

Aloe vera Extract 

1 1 1 1 1 5 

Indomethacine + 

Urena lobata 

Extract 

2 2 2 2 2 10 

Indomethacine + 

A. vera + U. lobat 

2 1 1 1 1 5 

Indomethacine + 

Standard 

(Renitidine) 

1 0 1 1 1 4 

 

TABLE 4.4 ANOVA TEST 

Anova: Single 

Factor 

      

       

SUMMARY 

      

Groups Count Sum Average Variance 
  

Control 4 0 0 0 
  

Disease Control 

(Indomethacine) 

4 34 5.666667 31.06667 
  

Indomethacine 

+ Aloe vera 

Extract 

4 10 1.666667 2.666667 
  

Indomethacine 

+ Urena lobata 

Extract 

4 20 3.333333 10.66667 
  

Indomethacine 

+ A. vera + U. 

lobat 

4 11 1.833333 2.566667 
  

Indomethacine 

+ Standard 

(Renitidine) 

4 8 1.333333 1.866667 
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ANOVA 

      

Source of 

Variation 

SS df MS F P-value F crit 

Between Groups 115.4722 5 23.09444 2.837543 0.032545 2.533555 

Within Groups 244.1667 30 8.138889 
   

       

Total 359.6389 35         

 

 

Figure 3 Histopathological Scoring of Gastric Tissues in Different Experimental Groups 

A = Normal Tissue, B = Disease Control, C = IDM+Aloe vera Extract, D = IDM +U. lobata, E = IDM+Both plant extract, 

F = Stabdard (Renitidine)  

 

Table 4.5 Ulcer Index [UI = (Epithelial Damage) × (Haemorrhage)] 

Group Epithelial 

Damage 

Hemorrhage UI 

Formula 

            UI 

Control 0 0 0×0 0 

Disease Control 

(Indomethacine) 

4 3 4×3 12 

Indomethacine + Aloe vera 

Extract 

1 1 1×1 1 

Indomethacine + Urena 

lobata Extract 

2 2 2×2 4 

Indomethacine + A. vera + U. 

lobat 

2 1 2×1 2 

Indomethacine + Standard 

(Renitidine) 

1 1 1×1 1 
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Figure 4 Ulcer Index 

Key Observation: 

Aloe vera 400 mg/kg produced the greatest reduction, approaching the efficacy of Ranitidine. 

Urena lobata showed consistent but less intense ulcer inhibition. 

4.6 Indomethacin-Induced Ulcer Model Findings 

Indomethacin significantly increased ulcer index due to prostaglandin suppression. Treated groups displayed varying degrees 

of protection. 

4.6.1 Gastric Parameters 

Ulcer control exhibited high acidity, low pH, reduced mucus, and excessive gastric juice volume. 

Aloe vera groups showed: 

↑ pH 

↓ total and free acidity 

↑ mucus secretion 

Urena lobata produced moderate improvements but significantly increased mucus, supporting its cytoprotective role. 

4.6.2 Interpretation 

The marked improvement in the Aloe vera groups may be attributed to inhibition of H⁺/K⁺ ATPase and enhancement of 

prostaglandin-mediated mucus secretion. 

4.7.1 Macroscopic Observations 

Alcohol exposure resulted in: 

Extensive hemorrhagic bands 

Friable mucosa 

Rapid necrotic patches 

Aloe vera exhibited strong cytoprotection: 

Lesion area greatly reduced 

Hemorrhagic streaks minimal 

Mucosal integrity preserved 

Urena lobata showed moderate protection, with visibly smaller but still present erosions. 

4.7.2 Lipid Peroxidation Reduction (MDA Levels) 

MDA was highest in ulcer controls. 

Aloe vera 400 mg/kg → most significant reduction, indicating potent antioxidant activity. 
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Urena lobata → moderate decline. 

4.8.1 Gastric Juice Physiology 

The ulcer control group showed: 

Excessive gastric secretion 

Low pH 

High acid output 

Aloe vera significantly: 

Decreased gastric volume 

Reduced total acidity 

Increased pH 

Improved mucin content 

Urena lobata notably: 

Increased gastric mucus 

Slight reduction in acidity 

Less impact on gastric volume 

This pattern highlights their mechanistic distinction. 

4.9 Antioxidant Biomarker Analysis 

Across all models, oxidative stress markers reflected treatment benefits. 

4.9.1 Superoxide Dismutase (SOD) 

Ulcer control: Lowest SOD 

Aloe vera 400 mg/kg: SOD restored close to normal 

Urena lobata: Moderate improvement 

4.9.2 Catalase (CAT) 

Aloe vera: Significant increase 

Urena lobata: Moderate increase 

4.9.3 Reduced Glutathione (GSH) 

Depleted sharply in ulcer controls 

Aloe vera: Markedly improved GSH 

Urena lobata: Mild improvement 

4.9.4 Malondialdehyde (MDA) 

Highest in ulcer controls 

Aloe vera: Strong reduction 

Urena lobata: Noticeable but less significant decline 

Interpretation: 

Aloe vera demonstrates substantially superior antioxidant restoration capacity. 

4.10 Cytokine Modulation 

4.10.1 Pro-Inflammatory Cytokines 

TNF-α and IL-1β levels increased sharply in ulcer controls due to inflammatory activation. 

Aloe vera ↓ TNF-α and IL-1β significantly 

Urena lobata: Moderate reduction 

4.10.2 Anti-Inflammatory Cytokines 
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IL-10 (anti-inflammatory) and TGF-β (healing mediator) increased in treated groups. 

Aloe vera: Mild ↑ IL-10, slight ↑ TGF-β 

Urena lobata: Strong ↑ in both IL-10 and TGF-β → indicative of regeneration 

Conclusion: 

Aloe vera is more anti-inflammatory; Urena lobata more regenerative. 

4.11 Histopathological Findings 

Microscopic analysis provided definitive insights into mucosal protection and regeneration. 

4.11.1 Ulcer Control 

Massive epithelial damage 

Edematous submucosa 

Intense inflammatory infiltration 

Hemorrhage 

Disrupted gastric glands 

4.11.2 Aloe vera 400 mg/kg 

Nearly intact mucosal lining 

Minimal inflammation 

Preserved gastric glands 

Slight hyperplasia indicating protection response 

4.11.3 Urena lobata 400 mg/kg 

Re-epithelialization evident 

Dense fibroblast proliferation 

Organized collagen deposition 

Reduced inflammatory cells 

 

Table 4.6: Comparative Effectiveness of Aloe vera and Urena lobata in Ulcer Models 

Parameter / Outcome Aloe vera Extract Urena lobata Extract Standard (Renitidine) 

Ulcer Index (Ethanol) Lower (74% protection) Moderate (68% 

protection) 

Lowest (83% 

protection) 

Gastric Acidity (Pylorus) Strong reduction Moderate reduction Strongest reduction 

Gastric Mucus Content Moderate increase Strong increase Strong increase 

Antioxidant Activity High (SOD, GSH restored) Moderate High 

Lipid Peroxidation (MDA) Strong reduction Moderate reduction Strongest reduction 

Cytokine Suppression High TNF-α and IL-1β 

suppression 

Moderate suppression High suppression 

TGF-β Stimulation High Very High Very High 

Collagen Deposition Moderate High Very High 

Epithelial Re-

epithelialization 

Strong Moderate Strongest 

4.12 Summary of Results 

Aloe vera demonstrated strong acute protection through antioxidant restoration, anti-inflammatory effects, and decreased 
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gastric acidity. 

Urena lobata showed superior healing, enhancing TGF-β, collagen synthesis, and mucosal regeneration. 

Both extracts were safe at high doses. 

Anti-ulcer activity followed a dose-dependent pattern. 

Results suggest distinct yet complementary therapeutic actions. 

CHAPTER 5 DISCUSSION  

This research compared the ulcer protective and mucosal repair effects of Aloe vera and Urena lobata and used three different 

types of rodent ulcer models. Incorporating the detailed measurements of biochemical pathways, antioxidants, cytokines and 

histopathology served to determine the mechanisms involved in gastroprotective actions of the species. It was acknowledged 

that both species corrected ulcer conditions, however, the plants possessed differentiated mechanisms and therefore the 

antiulcer pharmacologic potential of the plants was complementary, not overlapping. This chapter synthesizes the 

information to previous literature and biological mechanisms to provide a thorough explanation of the findings. 

5.1 Distinctive Phytochemical Composition and Its Pharmacological Relevance 

Both extracts were found to abundant in flavonoids, phenolics, tannins and saponins, with notable changes that could explain 

the differences in their pharmacodynamics behavior as determined from the screening of phyto-chemicals. Urena lobata had 

more tannins, flavonoids and polyphenols, while Aloe vera had a greater amount of polysaccharides and anthraquinones. 

5.1.1 Aloe vera Polysaccharides and Their Significance 

The predominance of polysaccharides such as acemannan in Aloe vera has been strongly associated with mucosal protection. 

These long-chain molecules form a viscous barrier over the gastric epithelium, thereby shielding tissues from harsh luminal 

factors such as acid and pepsin. Further, they influence prostaglandin E₂ synthesis, which enhances mucus and bicarbonate 

secretion—two critical defenses against ulceration. 

5.1.2 Urena lobata Tannins and Collagen-Enhancing Potential 

It is probable that the increased tannins and polyphenols in Urena lobata are what distinguishes it for its notable healing 

traits. Tannins precipitate proteins and form a protective mucosal coat, stimulating fibroblasts to increase collagen deposition. 
These actions correlate with the increased trough TGF-β levels detected in our results, allowing Urena lobata to instigate a 

pro-healing cascade instead of a protective cytostasis.   

Such differences in phytochemistry are what formed the basis for the differences in the healing effects seen in the next rounds 

of analysis. 

5.2 Insights from Indomethacin-Induced Ulcer Model 

The indomethacin-induced ulcers showcase the gastric lesions caused by NSAIDs which stand as a clinical problem. 
Inhibiting Cox-enzymes results in indomethacin suppressing the protective prostaglandins which weakens the mucosal 

defenses which results in serious ulcers. 

5.2.1 Aloe vera’s Superior Performance in NSAID Injury 

The ability of Aloe vera in offering protection was evidenced by the following:  

• Promotion of mucus secretion 

• Support for the processes mediated by prostaglandin  

• Attenuation of gastric acid 

• Maintenance of epithelial integrity 

The active ingredients of aloe vera polysaccharides and anthraquinones probably provided both the strengthening of the 

physical barrier and the restoration of the prostaglandin pathway. 

5.2.2 Urena lobata’s Moderate but Sustained Protection 

While Urena lobata offered some protective effects against NSAID induced injury, the degree was lower when compared to 

the rest of the sample. Even so, the puruvt was still able to enhance mucus secretion which is one important mechanism for 

the mitigation of NSAID damage. Perhaps more of its flavonoids could inhibit inflammatory mediators partially, but without 

the presence of more important anti-secretory effects, the cytoprotection would not be obtained. 

5.3 Ethanol-Induced Ulcer Model: Insights Into Antioxidant Defense 

Ethanol causes rapid damage to the stomach lining caused by lesion formation, as seen through the oxidation of lipids, 
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oxidation of proteins, formation of the reactive oxygen species, and impairments of the body's vascular systems concerning 

blood distribution and the way blood vessels supply organs in the body. In regards to the experimenting modeling, the damage 

and imbalances within the reactions are highly sensitive to the use of protection that inhibits the effects of the body's defenses. 

5.3.1 Aloe vera’s Potent Antioxidant Restoration 

The pronounced reduction in MDA levels and marked elevation in SOD, CAT, and GSH in Aloe vera–treated groups 

demonstrate its strong antioxidant potential. This aligns with earlier findings that Aloe vera contains vitamin C, vitamin E, 

and glutathione-related enzymes. 

The ethanol model clearly revealed Aloe vera as: 

A powerful ROS scavenger 

A stabilizer of membrane lipids 

A promoter of endogenous antioxidant enzyme recovery 

5.3.2 Urena lobata’s Moderate Antioxidant Ability 

While Urena lobata also reduced oxidative markers, its effects were comparatively milder. The presence of flavonoids 

supports antioxidant activity, but the lack of robust polysaccharide-mediated cytoprotection limits its acute efficacy. 

5.4 Pylorus-Ligation Model: Insights Into Secretory Regulation 

The pylorus-ligation model evaluates the effect of agents on gastric acid secretion, gastric juice accumulation, mucin 

turnover, and pepsin activity. 

5.4.1 Aloe vera Exhibits Anti-Secretory Effects 

Consistent reductions in gastric volume and acidity indicate that Aloe vera influences: 

Histamine pathways 

Proton pump activity 

Gastrin-mediated secretory mechanisms 

Furthermore, improved mucin content suggests concurrent stimulation of epithelial protective factors. 

5.4.2 Urena lobata Favors Mucus Enhancement over Acid Reduction 

Urena lobata increased mucus production, although the reduction level of gastric acidity remained minimal. This can be 

indicative of Urena lobata’s role being primarily related to the fortification of tissues without suppressing secretory activities. 

5.5 Antioxidant Biomarker Interpretation 

Oxidative stress is a principal mechanism in many types of gastric injuries. The biochemical evaluations further illustrate 

mechanistic differences between the extracts. 

5.5.1 SOD and CAT: Enzymatic Defense Restoration 

Aloe vera has shown statistically significant resumption of enzymatic activities of SOD and CAT. These enzymes function 

to mitigate superoxide radicals and break down hydrogen peroxide, both of which are harmful reactive oxygen species whose 

levels are elevated under ethanol and NSAID stress.  

Urena lobata restored these enzymes to a relatively lower extent, indicating that its antioxidant properties, if any, function 

are tertiary to its reparative activities. 

5.5.2 GSH Levels: Redox Homeostasis 

The restoration of GSH by Aloe vera indicates effective replenishment of thiol-based cellular defense. GSH is a master 

regulator of oxidative balance and detoxification. 

Urena lobata showed mild increases, hinting that it may rely more on structural mucosal repair than immediate oxidative 

stabilization. 

5.5.3 Lipid Peroxidation (MDA) 

MDA decreases were substantial in Aloe vera groups. This confirms prevention of membrane phospholipid damage. 

5.6 Cytokine Modulation: Decoding Inflammatory and Healing Pathways 

Inflammatory cytokines such as TNF-α and IL-1β play substantial roles in ulcerogenesis by: 

Enhancing oxidative stress 
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Disrupting epithelial tight junctions 

Inducing apoptosis 

Conversely, cytokines like IL-10 and growth factors such as TGF-β promote tissue repair. 

5.6.1 Anti-Inflammatory Effects of Aloe vera 

Aloe vera displayed significant suppression of TNF-α and IL-1β levels. This anti-inflammatory effect supports its role in: 

Reducing neutrophil infiltration 

Limiting oxidative burst 

Preserving epithelial structure 

5.6.2 Regenerative Role of Urena lobata 

Urena lobata markedly elevated TGF-β and IL-10, indicating: 

More vigorous collagen deposition 

Enhanced fibroblast activity 

Promotion of mucosal remodeling 

Long-term healing facilitation 

These results strongly suggest Urena lobata acts primarily via pro-healing molecular pathways. 

5.7 Histopathological Interpretation 

Histological observations provided the most definitive evidence of differential mechanisms. 

5.7.1 Aloe vera: Acute Cytoprotection 

Tissues from Aloe vera-treated rats revealed: 

Mild or no epithelial erosion 

Reduced inflammatory cell infiltration 

Preserved gastric glands 

Surface mucus continuity 

These findings align with acute mucosal defense enhancement. 

5.7.2 Urena lobata: Enhanced Structural Healing 

Tissues from Urena lobata groups demonstrated: 

Restored epithelial architecture 

Dense fibroblast proliferation 

Hyperplastic mucosal glands 

Organized collagen layer development 

This pattern is characteristic of a healing-promoter, accelerating structural recovery and strengthening the mucosal barrier. 

5.8 Comparative Mechanistic  

Aloe vera → “Acute Protector” 

Mechanisms include: 

• Exemplary antioxidant activity 

• Exceptional anti-inflammation 

• Acid suppression 

• Augmentation of mucins 

Urena lobata → “Chronic Healer” 

Mechanisms include: 

• Facilitation of fibroblast proliferation 
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• Collagen biosynthesis 

• Resource elevation of TGF-β and IL-10 

• Structural regenerative mucosa 

It can be concluded that the extracts complement each other in their functions in scientifically non-redundant pathways. 

5.9 Therapeutic Implications and Future Prospects 

The above information suggests optimism for the extracts as being able to:  

• Work synergistically with orthodox anti-ulcer medications. 

• Act as stand-alone treatment options for mild to moderate ulcerations. 

• Serve as natural agents to alleviate ulcerations associated with NSAIDs. 

• Be part of a multi-ingredient herbal remedy.  

The incorporation of rational poly herbal formulation and Aloe Vera (for potential immediate cytoprotection) along with 

Urena lobata (for long-term healing) may ultimately improve clinical outcomes. 

5.10 Limitations and Recommendations 

Although this research has many strengths, there are also some limitations. 

• Determining appropriate dosage and standardization of active markers. 

•    Human trials are necessary. 

• Studies involving combinations of different extracts. 

• COX, NF-κB and HSP-70 pathway analysis. 

These limitations can be addressed in order to facilitate the incorporation of these plants into conventional medicine 
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