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	NOEL
	No Observable Effect Level

	NSAIDs
	Non-steroidal Anti-flammatory Drugs

	NUD
	Non-ulcer Dyspepsia

	OECD
	Organization for Economic Cooperation and Development

	OR
	Odds Ratio

	PPI
	Proton Pump Inhibitor

	Psi
	Pounds per square inch

	PUD
	Peptic Ulcer Disease

	ROS
	Reactive Oxygen Species

	SEM
	Standard error of the mean

	SRF
	Serum Response Factor

	TBARS
	Thio-Barbituric Acid Reactive Substances

	TLC
	Thin Layer Chromatography

	VGEF
	Vascular Endothelial Growth Factor

	WHO
	World Health Organization
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[bookmark: _Toc79407165][bookmark: _Toc79941863][bookmark: _Toc79942170][bookmark: _Toc79942477][bookmark: _Toc79942784]DEFINITIONS OF TERMS
Safety: is defined as the field investigating the potentially undesirable pharmacodynamic effects of a substance on physiological functions with exposure in the therapeutic range and above. 
Toxicity is the degree to which a substance (a toxin or poison) can harm humans or animals. 
Safety and toxicity terms are used interchangeably for this thesis.
Efficacy: refers to the performance of an intervention in a predefined and ideal setting
Effectiveness is defined as performance in a typical practical condition. In this thesis,  
the terms have been used interchangeably
Active ingredients: these refer to components of herbal medicine with therapeutic activity.
Herbal medicines: they include herbs, herbal preparations/combinations, finished herbal products, any plant-derived materials.
Traditional medicine refers to the comprehensive knowledge of herbal medicine skills and practices, including cultures and beliefs.
[bookmark: _Toc14194223][bookmark: _Toc35243961][bookmark: _Toc75018469]FTIR stands for Fourier transform infrared, the preferred method of infrared spectroscopy. When IR radiation is passed through a sample, some radiation is absorbed by the sample and passes through (transmitted). 


[bookmark: _Toc79407166][bookmark: _Toc79941864][bookmark: _Toc79942171][bookmark: _Toc79942478][bookmark: _Toc79942785]ABSTRACT
Peptic ulcer disease (PUD) is a deep gastrointestinal erosion that affects the stomach and the duodenum. There are pharmacological (using conventional drugs) and surgical interventions that form part of management. These interventions have drawbacks, including resistance and adverse effects of conventional drugs. In Kenya, Mupal® powder, a herbal product, has been used to treat peptic ulcers and related disorders for many years. However, a full scientific audit on Mupal® has never been done. The objective of this study was to evaluate Mupal® through an animal model to provide background information on its efficacy, safety, and identification and do a comparative analysis with conventional therapy (Omeprazole) and banana powder in the treatment of peptic ulcer disease. Water and methanol extracts of Mupal® and banana powders were prepared by maceration at room temperature. Mupal® and banana water suspension were prepared by suspending Mupal® powder in distilled water. White albino rats were used as animal models for both toxicity and efficacy investigations. Ulcer induction in animals was done using 1 ml of 100 % ethanol, and treatment was done with water as a negative control, Omeprazole as a positive control, and Mupal® as the test. Histopathological changes were observed on the first day and the sixth day. For acute toxicity, 250,500 and 1000 mg/kg doses of Mupal® suspension were administered daily for 14 days, and their weights, food intake were monitored; any signs of toxicity were noted. On the 14th day, the animals were sacrificed to study gross histology. The animals were subjected to three doses of Mupal® suspension (250, 500, and 1000 mg/kg) for the sub-acute toxicity study for 28 days and a ten-day recovery period. Their weights and food intake were monitored, and gross histology was studied.  In vivo studies were done to test the effect of a Mupal® extract on clinical isolates of H. pylori. Some pharmaceutical parameters of Mupal® powder were determined. Efficacy results indicated that Mupal® suspension was comparable to Omeprazole in ulcer scores, acid-lowering, and histological findings.  The results showed Mupal® was safe on both acute and sub-acute studies at 250 mg/kg doses. However, Mupal® did not have any antimicrobial effect on Helicobacter pylori. Pharmaceutical parameters investigations revealed that Mupal® contains high levels of saponins and moderate levels of flavonoids. TLC results showed that Mupal® had more compounds as compared to bananas. The current study demonstrated that Mupal® is a safe alternative, efficacious herbal medicine in managing ethanol-induced peptic ulcers in rats. The results warrant further studies that could involve long-term double-blind clinical trials.
i

   


[bookmark: _Toc14194224][bookmark: _Toc35243962][bookmark: _Toc72873443][bookmark: _Toc75018470][bookmark: _Toc79407167][bookmark: _Toc79941865][bookmark: _Toc79942172][bookmark: _Toc79942479][bookmark: _Toc79942786]CHAPTER ONE: INTRODUCTION
[bookmark: _Toc14194225][bookmark: _Toc35243963][bookmark: _Toc72873444][bookmark: _Toc75018471][bookmark: _Toc79407168][bookmark: _Toc79941866][bookmark: _Toc79942173][bookmark: _Toc79942480][bookmark: _Toc79942787] 1.1 Background 
Peptic ulcer disease (PUD) refers to erosion in the esophagus, duodenum, or stomach lining. Peptic ulcer disease has had a tremendous effect on morbidity and mortality, but these have decreased over time in the last decades of the 20th century (Lewis et al., 2002). This has resulted from the discovery of Helicobacter pylori infection as a causative factor and other pathogenic factors contributing to the disease and the subsequent targeted management (Malfertheiner et al., 2009).  
There has been considerable historical interest in the pathophysiology of peptic ulcer disease. As a result, many scientific breakthroughs have resulted in the development of new therapeutic agents. However, whether genetic predispositions to the condition or population factors that determine or dictate therapeutic success linger. What is very clear is that there is an interplay between the body's defense mechanism and the production of pepsin and acid from the gastric glands (Venables et al., 1986).
One of the significant scientific findings of all times was discovering Helicobacter pylori as the principal cause of most PUD (Ahmed et al., 2005). This shifted the therapeutic focus in the management of PUD to using a cocktail of drugs that includes antibiotics. 
Other causative or risk factors like non-steroidal anti-inflammatory drug use and stress-related damage of the mucosa, tobacco smoking, psychological stress, caffeine intake, and alcohol ingestion are well-documented (Friedman et al., 1974).
Complications of peptic ulcer disease include bleeding, perforation, penetration, and obstruction (Milosavljevic et al., 2011). Conventional management of PUD has relied on proton pump inhibitors (PPI), H2 receptor blockers, and triple therapy, containing PPIs or H2 antagonists plus combinations of metronidazole amoxicillin clarithromycin, and tinidazole, anticholinergics, and mucosal protective agents. Other agents exist that relieve symptoms, and these include antacids. These have done well but have been associated with challenges that range from compliance and drug interactions. Further, these drugs have been shown to possess adverse reactions like impotence, hypersensitivity, renal disease, hematological disorders, among many other effects (Palle et al., 2018, Chanda et al., 2011). Therefore, the need to develop new agents from multiple sources with different mechanisms of action and which are safe is critical. Vaccines against H. Pyroli would mainly be a breakthrough in the management of PUD.
Few studies have attempted to develop vaccines, but many do not go beyond the preclinical stage. Nevertheless, several collaborators have continued to do extensive work that could eventually lead to a vaccine against H. pylori (Moss et al., 2010). This is of great importance to the substantial vulnerable populations in the developing world as PUD has been known to occur in low economic status populations.
Recent advances in chemical and pharmacological studies have contributed to the knowledge about new therapeutically active compounds obtained from natural products. These compounds can be used directly to develop new medicines or pharmacological tools to discover new active compounds. They can, therefore, be lifesaving or determine the quality of life in long-lasting diseases. The use of traditional medicine has wide acceptability by patients who are suspicious of conventional medicine (Walter et al., 2011). Drugs derived from naturally occurring agents like quinine (from cinchona bark) for the treatment of malaria and vincristine (from Madagascan Periwinkle) for leukemia treatment have proven to be very useful clinically. As much as they may be effective, herbal products contain numerous bioactive constituents, some of which could be toxic and hence the need for proper randomized investigations, quality control, and ultimately registration. 
[bookmark: _Hlk35944490]Several herbal medicines have been investigated for activity on PUD. These include Acacia arabica, Aegeles maemelos, Aloe vera, Azidiracta indica, and Mimosa pudica (Vimala et al., 2014; Li, et al., 2005; Repetto et al., 2002; Umashanker et al., 2011). There are many challenges with herbal medicines, as for many of them, characterization of active principles and elucidation of structure-activity relationships have not yet been done. Even when the active ingredients are known, the total or whole plant extract is more valuable. There are many traditional claims that, over time, would require scientific validation. Few studies have attempted to study their mode of action or safety and possible complementarity with synthetic drugs in this era of drug combinations.
Mupal® is a natural phytomedicine that contains principally bananas and a selection of herbs that has been used to alleviate symptoms of duodenal and peptic ulcers. Preliminary reports of case - histories of the use of Mupal® indicated lots of positive clinical outcomes as a possible clinical addition in PUD management, suggesting that it could be used as an alternative phytomedicine (Mwangi et al., 2000). Another Preclinical investigation using both ethanol and indomethacin-ulcer induction models (Njogu et al., 2002) indicated its effectiveness as an antiulcerogenic agent and its safety through acute toxicity testing. However, this study did only a one-day pretreatment fixed-dose study with a prophylactic analysis and a 14-day acute toxicity testing. Thus, the results were never subjected to a proper statistical analysis to make a sound scientific conclusion. This study combined both the one-day pretreatment model and a six-day treatment. In addition to both acidity and ulcer scores measurements. For safety, this study undertook a sub-acute analysis that combined hematological, biochemical, and histopathological analyses that were not done by any earlier studies,
The present study aimed at investigating the efficacy and safety of Mupal®, a herbal drug, as a possible therapeutic option in the management of PUD.
[bookmark: _Toc72873445][bookmark: _Toc75018472][bookmark: _Toc79407169][bookmark: _Toc79941867][bookmark: _Toc79942174][bookmark: _Toc79942481][bookmark: _Toc79942788] 1.2 Problem statement
Peptic ulcers are a widespread global problem today. PUD and associated conditions affect over 50% of the world population. Prevalence in the developing world is over 80% (Suebaum et al., 2002). In Kenya, a study revealed a prevalence among children at 73.3% compared to adults at 54.8% (Kimang'a et al., 2010). PUD, if untreated, can lead to complications like perforations, hemorrhage, and obstruction (Milosavljevic et al., 2011). In addition, PUD is a cause of mortality and morbidity. In a retrospective, population-based study, mortality was 15.2% at 30 days, 19.2% at 90 days, 22.6% at one year, and 24.8% at two years (Thorsen et al., 2017). Failure due to resistance and compliance is on the increase.
In the United States of America, PUD affects 5 million people annually (Sonnenberg et al., 1991). In addition, it is ranked 5th in the age-adjusted death rate (Rajah et al., 2017). 
[bookmark: _Hlk35945389]Peptic ulcers are curable with different kinds of antibiotics and acid-reducing drugs, and mucosal protecting agents. However, these are expensive and have prolonged side effects. In addition, the success rate of these drugs is variable, which could lead to relapses or complications like perforations in 2 – 14 % of the population (Di Saverio et al., 2013). This may lead to an expensive and invasive surgical intervention. 
The search for a better anti-ulcer drug that is effective, affordable, safe, and acceptable to most patients continues. Herbal medicines have shown great promise, but many of these claims require scientific validation. For example, mupal® powder has been used for over ten years, with anecdotal reports indicating clinical success (Mwangi et al., 2000). However, no scientific research to test this efficacy and safety has been done or published. 
[bookmark: _Toc14194227][bookmark: _Toc35243965][bookmark: _Toc72873446][bookmark: _Toc75018473][bookmark: _Toc79407170][bookmark: _Toc79941868][bookmark: _Toc79942175][bookmark: _Toc79942482][bookmark: _Toc79942789] 1.3 Justification of the Study
Medicines of plant origin are regaining popularity worldwide and should be investigated for efficacy, safety, and quality. However, the standardization, regulation, and integration of herbal medicine have been inadequate. Much scientific evidence needs to be generated before most of them can be used in the Kenyan health system (Gikonyo et al., 2020). In Kenya and most parts of Africa, existing data indicate that over 70% of Kenyans rely on traditional medicine (Harrington et al., 2018, Ekor et al., 2014). The traditional healers have a more patient-centered approach, and they can respond to a variety of needs. For example, many herbal preparations have been used to treat peptic ulcers; these include some Aloe species, e.g., Aloe vera, and some essential oils from the ginger rhizome, among others (Mahady et al., 2005). In Kenya, Mupal® powder, which contains about 90% banana fruit, has been used to manage gastric and duodenal ulcers since its formulation in 1987. More than 4,000 people have used it in Kenya (Mwangi et al., 2000). 
There is a need to confirm the efficacy, safety, and quality of Mupal® powder by subjecting it to scientific investigation. Little information is available on its pharmacological anti-ulcer, toxicology effects, and pharmaceutical profile. Some preliminary work (Njogu et al., 2002) had shown Mupal® anti-ulcer activity in rats. This was a one-day pretreatment study that compared indomethacin and 1ml of 100 % ethanol-induced ulceration and compared the potency of Mupal® with Omeprazole, cimetidine, and their combinations. It lacked a prolonged exposure to the test drugs as it's ordinary in conventional management, where treatment takes 4 to 8 weeks. The toxicity study only monitored body weight and food consumption changes but did not investigate any histological, biochemical, hematological, or organ toxicity. A complete toxicological evaluation on Mupal® then becomes a necessity. It is expected that the results from this study could justify a clinical trial and subsequent wide usage of Mupal® powder in the Kenyan health system.
[bookmark: _Toc35243966][bookmark: _Toc14194228][bookmark: _Toc72873447][bookmark: _Toc75018474][bookmark: _Toc79407171][bookmark: _Toc79942790] 1.4 Research Questions 
(i) How effective is Mupal® in the treatment of experimentally induced peptic ulcers in rodent models' disease?
(ii) How safe is Mupal® in the treatment of experimentally induced peptic ulcers in rodent models?
(iii)  What is the effect of Mupal® against Helicobacter pylori in vitro?
(iv)  What are some quality control parameters of Mupal®?
[bookmark: _Toc72873448][bookmark: _Toc75018475][bookmark: _Toc14194229][bookmark: _Toc35243967][bookmark: _Toc79407172][bookmark: _Toc79941869][bookmark: _Toc79942176][bookmark: _Toc79942483][bookmark: _Toc79942791]1.5 Hypothesis of the study
The herbal product Mupal® is effective and safe in the treatment of peptic ulcer disease.
[bookmark: _Toc74717679][bookmark: _Toc75018476][bookmark: _Toc79407173][bookmark: _Toc79941870][bookmark: _Toc79942177][bookmark: _Toc79942484][bookmark: _Toc79942792] 1.6 Significance of the study
The findings from this study will provide new information on the safety and efficacy of Mupal® and justify progress to a clinical trial. It will also validate the continued use of the powder as alternative medicine in the management of PUD.


[bookmark: _Toc14194230][bookmark: _Toc35243968][bookmark: _Toc72873449][bookmark: _Toc75018477][bookmark: _Toc79407174][bookmark: _Toc79941871][bookmark: _Toc79942178][bookmark: _Toc79942485][bookmark: _Toc79942793]1.7 Objectives of the study 
[bookmark: _Toc14194231][bookmark: _Toc35243969][bookmark: _Toc72873450][bookmark: _Toc75018478][bookmark: _Toc79407175][bookmark: _Toc79941872][bookmark: _Toc79942179][bookmark: _Toc79942486][bookmark: _Toc79942794]1.7.1 General Objective 
To evaluate the anti-ulcer, safety, and quality control parameters of the herbal product Mupal® powder in rats.
[bookmark: _Toc35243970][bookmark: _Toc14194232][bookmark: _Toc72873451][bookmark: _Toc75018479][bookmark: _Toc79407176][bookmark: _Toc79941873][bookmark: _Toc79942180][bookmark: _Toc79942487][bookmark: _Toc79942795]1.7.2 Specific Objectives 
(i) [bookmark: _Hlk12108198]To determine the anti-ulcer activity of Mupal® relative to Omeprazole using rat animal models.
(ii) [bookmark: _Hlk12270833]To investigate the toxicity of Mupal® extracts using rats.
(iii)  To evaluate antimicrobial effects, in vitro of Mupal® extracts against H. pylori. 
(iv)  To establish some quality control parameters of Mupal®. 


[bookmark: _Toc35243971][bookmark: _Toc75018480][bookmark: _Toc79407177][bookmark: _Toc79941874][bookmark: _Toc79942181][bookmark: _Toc79942488][bookmark: _Toc79942796]CHAPTER TWO: LITERATURE REVIEW
[bookmark: _Toc14194234][bookmark: _Toc35243972][bookmark: _Toc75018481][bookmark: _Toc79407178][bookmark: _Toc79941875][bookmark: _Toc79942182][bookmark: _Toc79942489][bookmark: _Toc79942797]2.1 General Introduction 
Acid peptic diseases (A.P.D.) include gastroesophageal reflux disease (GERD) and peptic ulcer disease (P.U.D.), which could be both gastric and duodenal ulcer and stress-related. These conditions have similar pathogenesis, resulting in mucosal injury due to aggressive factors like acid or pepsin overwhelming defensive factors (like mucus, bicarbonate, or prostaglandins) within the gastrointestinal tract (G.I.T). Therefore, as an additional and principal etiological agent (Marshall et al., 1984), Helicobacter pylori shifted therapeutic focus.
For many years, peptic ulcer disease has been a cause of high morbidity and mortality. In addition, P.U.D. can lead to complications like hemorrhage and perforations (Milosavljevic et al., 2011,  Kovacs et al., 1997).
[bookmark: _Hlk35946338]The prevalence of A.P.D. differs worldwide: duodenal ulcers are dominant in the Western populations, and gastric ulcers are more frequent in Asia, especially in Japan. However, studies have not been conclusive, but an age-related pattern has been observed with the condition increasing with age (Megraud et al., 1989). Some Kenyan studies indicated a prevalence of 10% and 5% for both duodenal ulcers and gastric ulcers, respectively (Makanga et al., 2014). Other studies put a combination of duodenal and stomach ulcers at 38.4% (Ogutu et al., 1998). The prevalence patterns of P.U.D. in developed and undeveloped worlds show no marked difference (Kidd, et al., 1999). Some studies have observed a declining pattern of ulcers related to H. pylori infection in the developed world (Wallace et al., 2005). This may be associated with better diagnosis and management. As the prevalence of this disease increases over time, one would expect peptic ulcers to continue to have a significant global impact on the essential health and economic systems and patients' life quality (Yuan et al., 2006). H. pylori infections affect 50% of the world population (Barik et al., 2009). Africa has the highest prevalence of H. pylori with a rate of 70% (with Nigeria leading at 87.7%), South America 69.9%, and Western Asia 66.6% (Ho, oi, et al., 2017). In Kenya, a recent study revealed a prevalence of 63.3% among children, while adults had 54.4% (Kimanga et al.,2010). Other works showed a prevalence level of 10% and 5%, duodenal ulcers, and gastric ulcers, respectively (Makanga et al.,2014), while Sang in 2013 (unpublished) revealed a prevalence of 52.3% H. pyroli positive patients at Moi Teaching and referral hospital. Mwaleso,2019(unpublished), found a prevalence of H. pylori of 46.2% at Mbagathi hospital with patients with chronic gastritis.
A peptic ulcer describes a condition with a discontinuity in the entire thickness of gastric or duodenal mucosa. Many theories have been suggested with the leading cause as excessive secretion of gastric acid. However, many patients present with ulcerations but with typical acid secretion rates. What is apparent is that there is an interplay between the aggressive factors and several known defense mechanisms. Some of the catalysts of ulcerations are smoking, anti-inflammatory drugs, alcohol, stress, fatty foods, and H. pylori infections. In addition, agents like hydrochloric acid, pepsin, pancreatic enzymes, and bile decrease the defense mechanisms of the gastrointestinal mucosa, such as the intercellular junctions, local blood flow, mucus/bicarbonate secretion, and cellular growth (Bandyopadhyay et al., 2001).
A body of knowledge still exists that requires research to understand the pathophysiology and management of A.P.D.  Some areas of concern include knowing if cohorts of patients are at greater risk of bleeding or developing complications. In addition, there is a need to know the relative importance of gastric acid and mucous and their interplay in ulcerogenesis. In healing, one would be interested in the interplay of medical and non-medical management in the healing process and rate. In pharmacological management, issues around efficacy, adverse effects, the resistance of available agents, and the need to develop new agents with multiple modes of action are critical. Many research gaps exist on possible cohorts of patients who get better clinical responses and those susceptible to recurrence. Could there be a possible genetic link that can be manipulated to inform interventions or counseling? Is there an immunological component in pathogenesis that could influence the disease or open up research in possible therapeutic interventions? (Malaty et al., 2000).
[bookmark: _Toc35243973][bookmark: _Toc465686936][bookmark: _Toc14194235][bookmark: _Toc75018482][bookmark: _Toc79407179][bookmark: _Toc79941876][bookmark: _Toc79942183][bookmark: _Toc79942490][bookmark: _Toc79942798]2.1.1 Peptic (Gastric) and Duodenal ulcers
A gastric ulcer is a deep lesion penetrating the gastrointestinal mucosa and muscularis mucosa (Tarnawski et al., 2001).  Ulcers develop when the stomach or duodenum lining is chronically inflamed or exposed to irritants such as acids or digestive enzymes. The clinical presentation, diagnosis, treatment for gastric versus duodenal ulcers are different. However, there are significant similarities in both the pathophysiology and management of both diseases. A gastric ulcer occurs in the stomach, while a duodenal ulcer occurs in the duodenum. Both ulcers cause gastric pain, which may spread up to the esophagus. The gastric ulcers cannot be relieved by eating food like in duodenal ulcers. Duodenal ulcer (D.U) can present with melena, while in gastric ulcers, the patients develop hematemesis.
Gastric ulcers (G.U) are more common in low PH and or defects in the mucosal defense. Usually, the pain occurs 1-2 hours after eating food, while in D.U, pain occurs 3-4 hours after eating. However, both have similar pathogenesis, with H. pylori being significantly associated with the cause.
[bookmark: _Toc74490292][image: Duodenal ulcers]
[bookmark: _Toc14194421][bookmark: _Toc35187642][bookmark: _Toc75019337][bookmark: _Toc79407363][bookmark: _Toc79941564][bookmark: _Toc79941877][bookmark: _Toc79942184][bookmark: _Toc79942491][bookmark: _Toc79942799][bookmark: _Ref5379615][bookmark: _Toc499481359][bookmark: _Toc5378097][bookmark: _Ref5379591][bookmark: _Toc5445992]Figure 2. 1: Stomach Ulcer
[bookmark: _Hlk78446488]Source: @2004 MedicineNet,Inc.  
(http://www.medicinenet.com/peptic_ulcer/page2.html)
Accessed; 30th March 2021
[bookmark: _Toc35243974][bookmark: _Toc14194236][bookmark: _Toc75018483][bookmark: _Toc79407180][bookmark: _Toc79941878][bookmark: _Toc79942185][bookmark: _Toc79942492][bookmark: _Toc79942800]2.1.2 Helicobacter pylori 
Helicobacter pylori, previously known as Campylobacter pylori, is a gram-negative, microaerophilic bacterium usually found in the stomach. It was earlier seen in persons with chronic gastritis. However, many ordinary people have the bacterium and are asymptomatic.
H. pylori have been shown to produce NH+4 from urea. The NH+4 breaks down the mucosal barrier leaving it susceptible to gastric juices. These pathogens multiply inside the stomach and are found mainly under the mucus layer. The initial response is the interaction between the whole cell and the bacteria. The bacteria produce urease which helps the combination of the gastric mucosa. This enzyme hydrolyzes urea to form ammonium carbon dioxide and hydroxyl irons. The bacteria neutralize the gastric juice protecting themselves from the gastric acid environment. The metabolites of this enzyme are toxic to gastric epithelial cells. Other proposed mechanisms include the production of pathogenic factors eventually leading to an inflammatory process and apoptosis of gastric epithelial cells (Konturek et al., 2009).
This discovery has had a significant clinical impact and has, in particular, changed the management of patients with peptic ulcer disease (Barkun et al., 2010). It is estimated that one-half of the world's population has H. pylori infection (Goodman et al., 2001). There have been advances in medical technologies which have enabled genetic studies of the pathology of H. pylori, intending to develop new and more efficacious therapies. It is noteworthy that the prevalence of H. pylori is changing, and other ulcers are non-H. Pylori-related (Talley et al., 2002). The most significant cause of these ulcers is NSAID-related, while others are hypersecretory states, such as Zollinger–Ellison syndrome. 
There is still another category of idiopathic ulcers, including patients with altered secretions, rapid gastric emptying, defective mucosal mechanism, psychological stress, and smoking ( Talley et al., 2002). 
[bookmark: _Toc14194237][bookmark: _Toc35243975][bookmark: _Toc75018484][bookmark: _Toc79407181][bookmark: _Toc79941879][bookmark: _Toc79942186][bookmark: _Toc79942493][bookmark: _Toc79942801]2.1.3 Gastric acid	
Gastric acid or juice is a digestive fluid secreted from gastric glands and is composed of hydrochloric acid (HCl) 0.05-0.1M, Potassium chloride (KCl), sodium chloride (NaCl), and pepsin. The acid is involved in the digestion of proteins by activating the enzyme pepsinogen. The gastric mucosa is a mucous membrane layer of the stomach that contains gastric glands and gastric pits. It forms a physical barrier to the gastric juices and is about 1mm thick, is smooth, and soft and consists mainly of columnar epithelium, lamina propria, and muscular mucosae. The control and tight regulation of gastric acid secretion is a desirable goal (Aihara et al., 2003) since gastric acid hyper-secretion is one of the major contributing factors for the induction of gastric ulcer disease (Tuorkey et al., 2011). In addition, gastric acid also plays a vital role in gastric defense in preventing bacterial colonization into the mucosal layer.
[bookmark: _Toc35243976][bookmark: _Toc14194238][bookmark: _Toc75018485][bookmark: _Toc79407182][bookmark: _Toc79941880][bookmark: _Toc79942187][bookmark: _Toc79942494][bookmark: _Toc79942802]2.1.4 Histamine
Histamine is a chemical messenger that mediates a wide range of cellular responses, including allergic and inflammatory reactions, gastric acid secretion, and possibly neurotransmission in parts of the brain. Histamine is secreted by mast cells as a result of allergic reactions or trauma. It is a physiological molecule with a chemical formula of C5H9N3. Pharmacologically, histamine produces vasodilatation and increases the permeability of blood vessel walls that may contribute to gastric hemorrhage (Tuorkey et al., 2011).
[bookmark: _Hlk35947199]The role of histamine in the secretion of acid from acid-producing parietal cells is widely reported (Bersimbaev et al., 1983; Kitano et al., 2000; Tairov et al., 1983), where histamine activates histamine-2 receptors on the acid-producing parietal cells to stimulate acid production. The production of synthetic products that competitively block histamine was a breakthrough in the management of P.U.D. (Nash et al., 1994).
[bookmark: _Toc35243977][bookmark: _Toc14194239][bookmark: _Toc75018486][bookmark: _Toc79407183][bookmark: _Toc79941881][bookmark: _Toc79942188][bookmark: _Toc79942495][bookmark: _Toc79942803]2.1.5 Oxidative stress
[bookmark: _Hlk35947328]Stress ulcers are mainly caused by oxidative stress caused by higher reactive oxygen species (R.O.S.) (Suzuki et al., 2012). Oxidative stress causes an elevation of R.O.S. or a decline in physiological defenses. The increase in R.O.S. disrupts the mitochondria membrane through a series of processes, leading to cytochrome c. Cytochrome c is part of the physiological process that leads to cell death. This ultimately leads to peptic ulcer disease.
[bookmark: _Toc14194240][bookmark: _Toc35243978][bookmark: _Toc75018487][bookmark: _Toc79407184][bookmark: _Toc79941882][bookmark: _Toc79942189][bookmark: _Toc79942496][bookmark: _Toc79942804]2.1.6 Non-steroidal anti-inflammatory drugs (NSAIDs)
NSAIDs are the most common pain relievers available over the counter and possess analgesic, anti-inflammatory, and antipyretic properties. They work by inhibiting prostaglandins, which are inflammatory mediators and have a physiological role in the body as cytoprotectants. In addition, they act to promote mucus and bicarbonate release and block the production of HCl. NSAIDs are indicated for chronic and acute inflammatory conditions, including rheumatoid arthritis, ankylosing spondylitis, and gout.
 Ulcers associated with the use of non-steroidal anti-inflammatory drugs (NSAIDs) continue to pose a big problem, and researchers have made several attempts to circumvent the mucosal damage in the past with limited success. For example, selective inhibitors of cyclooxygenase (COX-2) were seen as a significant pharmaceutical breakthrough, but with continued use, many cardiovascular adverse effects, like myocardial infarction stroke, developed with these agents  (McGettigan et al., 2006; Wallace et al., 2001). This led to the withdrawal of some of these agents, including rofecoxib and valdecoxib, among others.
Adverse effects of non-steroidal anti-inflammatory drugs occur in only a tiny proportion of users. However, the widespread use of these drugs has substantially affected persons who experience serious gastrointestinal complications. Different NSAIDs have a varying degree of risk, with ibuprofen and meloxicam showing a better risk profile than others (Langman et al., 1994, Hawkins et al., 2000). One out of 175 users of conventional non-steroidal anti-inflammatory drugs in the U.S.A. will be hospitalized each year for non-steroidal anti-inflammatory drug-induced gastrointestinal damage. The mortality of such hospitalized patients remains about 5-10%, with an expected annual death rate of 0.08% (Lazzaroni et al., 2007).
[bookmark: _Toc35243979][bookmark: _Toc14194241][bookmark: _Toc75018488][bookmark: _Toc79407185][bookmark: _Toc79941883][bookmark: _Toc79942190][bookmark: _Toc79942497][bookmark: _Toc79942805]2.1.7 Bile acids
[bookmark: _Hlk35947950]It is established that primary bile acids constitute 90% of the total bile acid pool, while cholic acid makes up about 50% of the total and 60% of glycine-conjugated bile acids (Oktar et al., 2001). Bile acids have a strong preventive effect against the overgrowth of intra-luminal bacteria. The exogenous bile acid in bile duct ligated rats has been shown to attenuate the severity of colonic damage and reduce neutrophil accumulation, as in the ileitis model (Oktar et al., 2001). Interleukin-1, interleukin-6, and tumor necrosis factor (TNF α) can inhibit the production of bile acids. However, blockage of normal bile flow also has an ameliorating effect on colonic neutrophil infiltration. Bile salts are known to destroy the permeability barrier of gastric mucosa, as bile salts increase mucosal permeability to acid and produce direct injury to the surface cells of the stomach and render the gastric mucosa more susceptible to acid damage. On the contrary, withdrawal of bile flow, either by inhibiting the entero-hepatic circulation mechanism or by removing the cytotoxic constituents of the bile, ameliorates the mucosal injuries of the stomach, intestine, or colon (Oktar et al., 2001). 
Bile acids are synthesized in the liver by a multistep, multi-organelle pathway. Un-conjugated bile acids are suspected of inducing damage to the gastric mucosa. As cholic acid is the primary serum bile acid in animals, the cholic acid group levels have been considered to be increased in peripheral blood by obstruction of bile flow. The levels of these bile acids can potentially determine the integrity of the mucosa barrier.
[bookmark: _Toc14194242][bookmark: _Toc35243980][bookmark: _Toc75018489][bookmark: _Toc79407186][bookmark: _Toc79941884][bookmark: _Toc79942191][bookmark: _Toc79942498][bookmark: _Toc79942806]2.1.8 Risk Factors
[bookmark: _Toc35243981][bookmark: _Toc14194243][bookmark: _Toc75018490][bookmark: _Toc79941885][bookmark: _Toc79942192][bookmark: _Toc79942499][bookmark: _Toc79942807]2.1.8.1 Genetic factors. 
[bookmark: _Hlk35948090]The influence of genetic factors in P.U.D. has been studied, and while a linkage has been found, the impact of environmental factors is very significant  (Räihä, et al., 1998). Some studies have focused and looked at H. pylori susceptibility and possible genetic linkages (Ohyauchi et al., 2005). 
In another study, the first-degree relatives of patients with D.U. were reported to have had a two to three-fold increase in the risk of getting D.U. (Aro et al., 2006). More research in this area is going on, and many relationships may be found. Genetic markers like pepsinogen 1 to investigate susceptibility would be necessary and would imply management.
[bookmark: _Toc14194244][bookmark: _Toc35243982][bookmark: _Toc75018491][bookmark: _Toc79941886][bookmark: _Toc79942193][bookmark: _Toc79942500][bookmark: _Toc79942808]2.1.8.2 Psychosocial factors. 
There is some evidence for an association between P.U.D. and psychological factors (Goodwin et al., 2009). A variety of mechanisms may be involved, including the psychosocial factors that influence motility. They can intensify H. pylori infection and increasing corticosteroid stimulation (Levenstein et al., 2002). These psychosocial factors may complicate treatment and may even lead to non-adherence to the P.U.D. medication. 
[bookmark: _Toc14194245][bookmark: _Toc35243983][bookmark: _Toc75018492][bookmark: _Toc79941887][bookmark: _Toc79942194][bookmark: _Toc79942501][bookmark: _Toc79942809]2.1.8.3 Dietary factors. 
There is uncertainty about the role of diet in P.U.D. (Soll et al., 2009), with several popular foods and beverages like beer, coffee, and tea associated with dyspepsia but not increasing the risk of P.U.D. In standard practice, there have been restrictions, but there does not seem to be sufficient published data to confirm these fears. However, high alcohol intake has been shown to cause mucosal damage.
[bookmark: _Toc79941888][bookmark: _Toc79942195][bookmark: _Toc79942502][bookmark: _Toc79942810]2.1.8.4 Alcohol. 
Ethanols and similar compounds are ubiquitous social drinks in Kenya and the world. It comes in many names and brands with different alcoholic concentrations. In Kenya they include Muratina,makabo ,busaa changaa etc .However, ethanol has an adverse effect on the stomach mucosa and can aggravate PUD. Ethanol causes mucosal damage by various mechanisms, including reducing gastroprotective factors in the body, such as lowering sodium bicarbonate, gastric mucus, blood flow, and nitric oxide. It can also cause direct necrotic damage, leading to inflammatory cell infiltration. (El-maraghy et al., 2015).
[bookmark: _Toc14194246][bookmark: _Toc35243984][bookmark: _Toc75018493][bookmark: _Toc79407187][bookmark: _Toc79941889][bookmark: _Toc79942196][bookmark: _Toc79942503][bookmark: _Toc79942811]2.1.9 Gastro-protective effects of nitric oxide
Nitric oxide (NO) is a molecular compound that physiologically plays the role of a cell-signaling molecule. It is involved in many physiological and pathological processes in the body (Hou et al., 1999). NO is also referred to as an endothelium-derived relaxing factor (EDRF). NO causes smooth muscles to relax, causing vasodilation and hence increased blood flow.  It also acts as a neurotransmitter, prevents platelet aggregation, and plays a vital role in macrophage function. The events related to the gastro-protective effects of nitric oxide include a reduction in acid secretion (Takeuchi et al., 1999)  and the promotion of angiogenesis. Gastro-protective effects of nitric oxide may be due to its rapid reactivity with various oxygen species in the biologic system. 
Nitric oxide production in gastric mucosa and the substance(s) accountable for this effect. Nitric oxide inhibits gastric secretion by suppression of histamine release from enterochromaffin-like cells. Therefore, the clinical importance of nitric oxide (endogenous or exogenous) needs to be considered a possibility for new therapeutic approaches. 
[bookmark: _Toc14194247][bookmark: _Toc35243985][bookmark: _Toc75018494][bookmark: _Toc79407188][bookmark: _Toc79941890][bookmark: _Toc79942197][bookmark: _Toc79942504][bookmark: _Toc79942812]2.1.10	Regeneration of gastric mucosa and the role of growth factors in ulcer healing
The cells of the G.I.T. mucosa have rapid turnover and are often subjected to continuous changes in pH, osmolality, and temperature. Through the body's physiological processes, the cell population in the track is maintained at a steady state by constant renewal. Logically, excessive cell loss would lead to atrophy and ulceration, while the reverse would result in hyperplasia. Key to this regulation is growth factors and the possibilities in pathological interventions that may influence these growth factors. Thus, the study of materials from plant origin that can affect them becomes of particular research interest.
Growth factors are local polypeptide hormones that modulate the rate of cellular proliferation of their target cells carrying functional specific receptors. (Chai et al., 2004)  Some of the growth factors include epidermal growth factor (EGF), basic fibroblast growth factor (BFGF), platelet-derived growth factors (PDGF), and Vascular Endothelial Growth Factor (VEGF). Several studies have demonstrated their potential healing capacity in animal models (Sandor et al., 2000). The growth factors function as mediators. By binding to specific receptors on the surface of target cells, they initiate several cascades of processes that culminate in the activation of genes leading to cell division or differentiation. The Vascular Endothelial Growth Factor (VEGF) is of particular interest, and studies have shown that its induced angiogenesis depends on Serum Response Factor (S.R.F.). S.R.F. is a transcription factor that plays a vital role in immediate early gene expression and embryonic development (Wallace et al., 2005). inhibition of the activity of S.R.F. through injection of an antisense expression plasmid into gastric ulcers in rats led to marked inhibition of angiogenesis in the ulcer bed (Wallace et al., 2005). VEGF is released by endothelial cells themselves and by platelets. 
Indeed, the release of VEGF is likely to be a primary mechanism through which platelets contribute to ulcer healing (Li Ma et al., 2000; Wallace et al., 2005). In experimental models of acute gastric damage, VEGF expression increases during recovery. At the same time, the pretreatment of rats with a single dose of oral VEGF exerted a protective effect against acute ethanol damage in the gastric mucosa. Furthermore, the daily administration of VEGF has been found to promote the healing of duodenal ulcers in rats by stimulation of angiogenesis and formation of granulation tissue (Szabo et al., 1998; Szabo et al., 2000) since expression of VEGF and its receptors have been demonstrated in the ulcer margin of human peptic ulcer disease (Takahashi et al., 1995). A dramatic increase in blood vessels was observed when VEGF was injected 24 hours before stress exposure. 
On the other hand, gastric secretion, depth of ulceration, and ulceration index decreased significantly after VEGF application. Thus, the results demonstrated the gastro-protective effect of VEGF on stress-induced ulceration. On the other hand, systemic administration of leptin to mice was accompanied by an increase in VEGF expression and angiogenesis and thus, reversed the impairment of gastric ulcer healing (Takahashi et al., 1995). This data suggested that VEGF might play a dual role in mucosal protection and repair. On the one hand, it might improve mucosal resistance by increasing vascular permeability that dilutes gastro-toxic agents and reduces the area of the hemorrhagic lesions. 
VEGF is a reparative factor for ulcerated gastric mucosa by maintaining endothelial cell viability and inducing proliferation, chemotaxis, and vascular permeability (Milani et al., 2001). 
The only drug that remotely causes regeneration of gastric mucosa is alginic acid which is available in several antacid preparations. In addition, alginic acid jelly floats on top of the stomach contents, which are protective to the stomach lining. The need to investigate other natural or synthetic molecules that may influence the regeneration of gastric mucosa would be a new frontier in science. 
[bookmark: _Toc14194248][bookmark: _Toc35243986][bookmark: _Toc75018495][bookmark: _Toc79407189][bookmark: _Toc79941891][bookmark: _Toc79942198][bookmark: _Toc79942505][bookmark: _Toc79942813]2.1.11	Conventional Treatment of Peptic Ulcer Disease (P.U.D.)
Agents that are used in the treatment of P.U.D. can be broadly divided into three groups. 
i. Agents that reduce intragastric acidity.
ii. Agents that promote mucosal defense.
iii. Agents against H. pyroli.
These drugs may be further divided into the following eight classes of drugs based on their mechanism of action. These are: -
i. Antacids 
ii. Antimuscarinics
iii. Probiotics
iv. Mucosal protective agents	
v. Prostaglandin analogs
vi. H2 – Receptor antagonists
vii. Proton pump inhibitors
viii. Potassium-competitive acid blockers
ix. Combinations (Dual, Triple Therapy, Quadra therapy, Sequential, and hybrid therapy)
[bookmark: _Toc35243987][bookmark: _Toc14194249][bookmark: _Toc75018496][bookmark: _Toc79407190][bookmark: _Toc79941892][bookmark: _Toc79942199][bookmark: _Toc79942506][bookmark: _Toc79942814]2.1.12	Antacids 
Antacids have been used for many years in the management of gastritis and peptic ulcer disease. However, their use has been reduced with the advent of specific drugs like H2 receptor antagonists and proton pump inhibitors. (Mejia et al., 2009).
Antacids are easily accessible to patients being non-prescription drugs and are commonly bought over the counter to treat hurt, burn, and dyspepsia. They usually provide quick symptomatic relief in these patients. They, however, do not affect the level of acid secreted, but they may affect the level of enzyme pepsin and hence its action. In addition, they usually are weak bases, and they react with gastric hydrochloric acid to form salt and water. 
Most of the antacid preparations available are salts of magnesium, sodium, calcium, or aluminum. They possess different pharmacokinetic profiles with differences in times of onset and duration of action.
The commonly associated side effects with antacids are; belching, metabolic alkalosis, diarrhea, constipation, depending on the type of antacid used. In addition, antacids may affect the absorption of other drugs that depend on the pH of the stomach; hence care is needed with drugs that depend on acidity for their absorption, e.g., tetracycline, fluoroquinolone, itraconazole, etc.
No antacids from plant sources have been documented, and it will be interesting to investigate if there can be faster acting safer alternative interventions from plant origins. 
[bookmark: _Toc14194250][bookmark: _Toc35243988][bookmark: _Toc75018497][bookmark: _Toc79407191][bookmark: _Toc79941893][bookmark: _Toc79942200][bookmark: _Toc79942507][bookmark: _Toc79942815]2.1.13 Antimuscarinics
Several anticholinergic agents have been tried in Peptic Ulcer Disease. Unfortunately, their therapeutic use has been limited by their non-specific action hence causing systemic side effects. Pirenzepine is an example of a selective antimuscarinic drug that has been used for the treatment of P.U.D. However, its use has been discontinued in many countries because of the systemic side effects, including dry mouth, blurred vision, drowsiness, dizziness, nausea, or loss of appetite. (Carmine et al., 1985). 
[bookmark: _Toc14194251][bookmark: _Toc35243989][bookmark: _Toc75018498][bookmark: _Toc79407192][bookmark: _Toc79941894][bookmark: _Toc79942201][bookmark: _Toc79942508][bookmark: _Toc79942816]2.1.14	Probiotics 
Probiotics are widely used as functional foods, advocated for maintaining gastrointestinal microflora equilibrium and treating gastrointestinal disorders. 
Probiotics consist of Saccharomyces boulardii (yeast) or lactic acid bacteria, e.g., Lactobacillus and Bifidobacterium species. They have been shown to have activity on H. pylori, and they can enhance the multiple antibiotic regimes used in H. pylori infection. (Kim et al., 2008).
A study investigating the importance of probiotic bifiform on the efficacy of H. pylori eradication in patients with chronic gastritis showed the H. pylori eradication was higher in the study group than in the control group. (Iakovenko et al., 2006).  
[bookmark: _Toc14194252][bookmark: _Toc35243990][bookmark: _Toc75018499][bookmark: _Toc79407193][bookmark: _Toc79941895][bookmark: _Toc79942202][bookmark: _Toc79942509][bookmark: _Toc79942817]2.1.15 Mucosal protective agents
[bookmark: _Toc35243991][bookmark: _Toc14194253][bookmark: _Toc75018500][bookmark: _Toc79941896][bookmark: _Toc79942203][bookmark: _Toc79942510][bookmark: _Toc79942818]2.1.15.1 Sucralfate 
It is a salt of sucrose complexed to sulfated aluminum hydroxide. It forms a blanket or polymer in an acidic or water environment, a vicious and tenacious paste that binds selectively to ulcers or erosions for up to 6 hours. This layer of paste prevents the acid from getting into erosion. 
[bookmark: _Hlk35949389]Other modes of action have been suggested, which include influence on growth factors. (Korman et al., 1994).
Sucralfate is administered in a dose of 1 gram 4 times daily on an empty stomach. It is usually administered through a nasal gastric tube as a slurry. Sucralfate is used for the prevention of stress-related bleeding where other acid-suppressing agents cannot be used. It is less effective than the antacids, H2 antagonists, and PPIs. It has found use mainly in intensive care units. Very little sucralfate is absorbed, so it has limited systemic adverse effects. However, constipation has been reported in some patients. 
[bookmark: _Toc35243992][bookmark: _Toc14194254][bookmark: _Toc75018501][bookmark: _Toc79941897][bookmark: _Toc79942204][bookmark: _Toc79942511][bookmark: _Toc79942819]2.1.15.2 Bismuth compounds
Two known bismuth compounds are available. Bismuth subsalicylate and bismuth subcitrate potassium. 
The mode of action of these compounds is clear, but it is thought that bismuth coats the ulcerated area providing a protective layer. Other theories postulate that they may increase the production of prostaglandin. Bismuth subsalicylate reduces stool frequency and liquidity in infectious diarrhea. It also has antimicrobial effects and binds to enterotoxin. In addition, bismuth compounds are known to have anti-ulcer activity against H. pylori. (Alkim et al., 2017). 
[bookmark: _Hlk35949486]Bismuth-based quadruple therapies are used in refractory cases as second-line therapies in peptic ulcer disease. (Mégraud et al., 2012).
Bismuth compounds are safe but have been shown to cause blackening of stools and darkening of the tongue. Both of these effects have no clinical significance. However, prolonged use can result in bismuth toxicity resulting in encephalopathy. 
[bookmark: _Toc14194255][bookmark: _Toc35243993][bookmark: _Toc75018502][bookmark: _Toc79407194][bookmark: _Toc79941898][bookmark: _Toc79942205][bookmark: _Toc79942512][bookmark: _Toc79942820]2.1.16	Prostaglandins
Prostaglandins have a physiological role in the stomach as cytoprotective agents. They work through various mechanisms, including decreased blood flow, increased mucous secretion, increased production of bicarbonate, and other mechanisms that are still being studied (Wallace et al., 2008). Misoprostol is a synthetic prostaglandin agent with anti-secretory and protective properties that aid in ulcer healing in P.U.D. It has been used mainly in elderly patients, especially those with chronic degenerative diseases like rheumatoid arthritis and NSAIDs. The NSAIDs cannot be withdrawn for these patients, and clinical practice has been that both the NSAIDs and misoprostol are co-administered. 
The side effects of misoprostol include; - diarrhea, abdominal pain, flatulence, and vaginal bleeding (Goldberg et al., 2001).
[bookmark: _Toc35243994][bookmark: _Toc14194256][bookmark: _Toc75018503][bookmark: _Toc79407195][bookmark: _Toc79941899][bookmark: _Toc79942206][bookmark: _Toc79942513][bookmark: _Toc79942821]2.1.17 H2 Receptor Antagonists
The discovery and development of histamine H2-blocking drugs were significant breakthroughs in treating gastric ulcers (Alan et al., 2016). This condition could hitherto only be treated by surgery. The ability to distinguish between histamine receptor subtypes using pharmacological agents was, in itself, a significant research advance. H2 receptor antagonists competitively inhibit histamine actions at all H2-receptors, but their primary clinical use is as inhibitors of gastric acid secretion. They can impede histamine and gastrin-stimulated acid secretion. Pepsin secretion also falls with the reduction in the volume of gastric juice. These agents not only decrease basal and food-stimulated acid secretion by 90% or more, but numerous clinical trials indicate that they also promote the healing of gastric and duodenal ulcers. However, relapses are likely to follow after cessation of treatment. They include cimetidine, famotidine, nizatidine, and ranitidine. They are equipotent in equivalent dosages, with differences mainly being pharmacokinetic. Their numerous drug interactions, however, limit their use. Thrombocytopenia is the most common adverse effect. There are several hematological adverse effects associated with the use of Histamine 2 antagonists. These may include blood cytopenia and leukocytosis, and coagulation disorders (Jean-Pierre et al., 1988).
[bookmark: _Toc14194257][bookmark: _Toc35243995][bookmark: _Toc75018504][bookmark: _Toc79407196][bookmark: _Toc79941900][bookmark: _Toc79942207][bookmark: _Toc79942514][bookmark: _Toc79942822]2.1.18	Proton pump inhibitors (PPI).
Proton pump inhibitors are currently the most effective acid-suppressing agents. (Scarpignato et al., 2016). They include Omeprazole, esomeprazole, lansoprazole, dexlansoprazole, rabeprazole and pantoprazole. They are a-pyridyl-methyl-sulfinyl benzimidazoles with different substitutions on the pyridine or the benzimidazole groups. The PPIs are manufactured/formulated as pro-drugs and require a low pH environment to be active. Their site of action is parietal cells, where they accumulate in the acidic environment. Through a proton catalyzed process, they form a sulphenamide derivative. It is this sulphenamide which covalently binds with sulfur-hydro groups for action. This process depends on H+ K+ ATpase, a proton pump, resulting in irreversible inhibition of acid production. 
The potency of the PPIs is time-dependent because as more pumps are blocked, acid suppression goes on. Therefore, it is recommended that the PPIs are taken 30 – 60 minutes before meals. 
PPIs are orally reactive and are rapidly absorbed in the stomach. They are highly protein-bound, and peak absorption occurs 3 - 4 hours after oral administration. They are metabolized through the cytochrome P450, system specifically CYP2C19 and CYP3A4.
PPIs are excreted through urine or feces. The plasma half-life is about 1 – 2 hours, but their action is longer because it takes time to regenerate the proton pumps. 
PPIs' adverse effects include; - headache, nausea, abdominal pain - and this is seen in a short time, while long-term effects are apparent when there is hypergastrinemia and hypochondria. These include- nutritional deficiencies, risk of contracting community-acquired pneumonia, and some enteric infections like Clostridium difficile, Salmonella typhi, and Campylobacter jejuni.
PPIs may affect the availability of other orally administered drugs, e.g., Ketoconazole and digoxin. In addition, they have been shown to interact with Atazanavir, where co-administration results in reduced bioavailability of Atazanavir, leading to clinical failure. (Palleria et al., 2013).
Other interactions result from inhibition of the CYP2C19 pathway leading to decreased elimination of drugs like phenytoin, warfarin, and carbamazepine. (Palleria et al., 2013).
Many other studies have been done on the adverse effects of PPIs. This includes adverse effects on the kidney (Lazarus et al., 2016, Antoniou et al., 2015) hypomagnesia, (Cheungpasitporn et al., 2015), affecting the bacterial mass of Clostridium difficile (Kwok et al., 2012), causing community-acquired pneumonia (Eom et al., 2011, Filion et al., 2014) and causing bone fracture (Zhou et al., 2015).
[bookmark: _Toc75018505][bookmark: _Toc79407197][bookmark: _Toc79941901][bookmark: _Toc79942208][bookmark: _Toc79942515][bookmark: _Toc79942823]2.1.19	Potassium competitive blockers
These drugs inhibit H, K-ATPase in the gastric parietal cells in the final stage of the acid secretory pathway. The difference with the PPI is that the enzyme and the fact that it works in a K-competitive way are reversible and do not require a low PH for activity. An example of a drug in this category is Vanoprazan, which has demonstrated good safety and efficacy profiles in some studies (Mizokami et al., 2018; Yamasaki et al., 2018. Kawai et al., 2018).
[bookmark: _Toc35243996][bookmark: _Toc14194258][bookmark: _Toc75018506][bookmark: _Toc79407198][bookmark: _Toc79941902][bookmark: _Toc79942209][bookmark: _Toc79942516][bookmark: _Toc79942824]2.1.20	Combinations
[bookmark: _Hlk35950058]H. pylori eradication remains one of the main factors in the management of gastric and duodenal ulcers. The use of combinations to manage H. pylori infestation has been used with a high level of success. (Julio et al., 1998). Before treatment is initiated, the presence of H. pylori must be confirmed. Various protocols have been tried that combine antibiotics and acid-suppressing agents. These regimens eradicate H. pylori in over 85% of the cases, and, usually, there is no need to continue anti-secretory treatments after dosing with this therapy. However, if there are complications, e.g., bleeding or perforations, it is recommended that treatment should be continued for three weeks. (Maliheh et al., 2016).
[bookmark: _Hlk35950148]Recently, treatment failure has been reported, mainly because of antibiotic resistance or poor compliance. (Maliheh et al., 2016). Two weeks of triple therapy regimens have a higher success rate than one week but more adverse effects. Therefore, it is recommended that if triple therapy fails, then a quadra-therapy involving four drugs, including bismuth compounds, should be used (Venerito et al., 2013). other models include the use of hybrid therapy or sequential therapy.
[bookmark: _Toc35243997][bookmark: _Toc14194259][bookmark: _Toc75018507][bookmark: _Toc79407199][bookmark: _Toc79941903][bookmark: _Toc79942210][bookmark: _Toc79942517][bookmark: _Toc79942825]2.1.21	Medicinal plant use 
The use of traditional medicine is as old as humankind in the world. For example, Africa has a rich heritage of traditional medicines comprised of berries, leaves, roots, and leaves. Indeed, plants form the most significant source of drug development, with over 80% of all new drugs coming from this source (Ekor et al., 2014). The role of traditional medicine as a source of primary health care was first recognized by WHO in the Primary Health Declaration of Alma Ata in 1978. As a result, there is a robust traditional medicine program in WHO. Furthermore, the importance of traditional medicine is well articulated by the WHO strategy for traditional and complementary medicine 2014 – 2023.
Notable drugs derived from nature that has revolutionized the management of disease include vinblastine, vincristine etoposide, taxol (anticancer), quinine, artemisinin (antimalaria management), physostigmine (anticholinesterase and useful in organophosphate poisoning). Many others have other pharmacological activities, including antibacterial, anthelmintic, antiprotozoal activity. Another extensive and widespread use is the Neem tree (Azadiracta indica), both in-country and internationally (Subapriya et al., 2005).
Many people use traditional medicines in Kenya, and the demand for herbal medicine continues to rise as the population grows. More scientists develop an interest in the use of alternative medicine. Traditional medicinal knowledge of plant therapies is largely unexploited.
[bookmark: _Ref5352807][bookmark: _Toc8032061][bookmark: _Toc8056640][bookmark: _Toc5446016][bookmark: _Toc5378121]Kenya has recently given an impetus to the use of traditional medicines through enactments of the Health Act, 2017, which formally aims to promote and regulate the practice of traditional medicine. As a result, many Kenyans use traditional medicines supplied by pharmacies, supermarkets, or imports (Mwangi et al., 2002) and many other conditions, including cancer (Gikonyo et al., 2019). These herbal medicines are used or claimed to manage many clinical conditions, including diabetes, cancers, cardiovascular disorders, impotence, nausea, and vomiting. Table 2.1 shows some medicinal plants used for disease management. 
Some common medicinal plants are used for disease management.
For many centuries Africans have relied on plants from their natural origin as primary sources for medicine. This is usually passed from one generation to another one while others are discovered from pure curiosity. For example, within the Kikuyu community, Eucalyptus leaves (Munyua Mai) have been used with other plants to manage flue and chest problems. Another plant, Synadenium compactum (Mwatha), has been used as an inflammatory compound by young boys. Different plants have been used not as human medicine but insect repellants, such as Tagetes minuta (mibangi), to protect from jiggers. 
In China, herbal medicines were known from around 4500 B.C, which is also true in India, Greece, and the Arab World (Pan et al., 2014). 
[bookmark: _Toc77617858][bookmark: _Toc74529836]Table 2.1 summarizes some medicinal plants, the part used, and the disease that they manage.
[bookmark: _Ref12787543][bookmark: _Toc35187613][bookmark: _Toc75019283][bookmark: _Toc79407326][bookmark: _Toc79941591][bookmark: _Toc79941904][bookmark: _Toc79942211][bookmark: _Toc79942518][bookmark: _Toc79942826]Table 2.1: Some common medicinal plants used for disease management.
	Plant 
	Part used
	Uses

	Prunus Africana (Rosacea)
	Bark
	Benign prostate hyperplasia

	Ginkgo maidenhair (Ginkgo biloba) 
	Leaves
	Dementia, Alzheimer's 

	Hypericum perforatum (Saint John's Wort)
	Leaves
	Depression, anxiety

	Momordica charantia (bitter melon)
	Fruit
	Diabetes

	Jatrophus curcas
	Seeds
	Common warts

	Valeriana officinalis
	Root
	Sleep disturbances

	Pinus palustris
	Seeds
	Venous insufficiency

	Artemisia annua
	Leaves
	Malaria

	Aloe secundiflora
	Leaves
	Wound healing

	Centella asiatica (Gotukola)
	Leaves
	Wound healing, fever purgative

	Withania somnifera
	Roots
	Adaptogen Gastric ulcers, labor pains, colds


Ref: http://dx.doi.org/10.1155/2013/617459
[bookmark: _Toc77617860]Table 2.1 shows various traditional plants that have been used to treat a variety of medical conditions. It reveals that several plant sections can be used, including the seeds, roots, and leaves.
[bookmark: _Toc14194260][bookmark: _Toc35243998][bookmark: _Toc75018508][bookmark: _Toc79407200][bookmark: _Toc79941905][bookmark: _Toc79942212][bookmark: _Toc79942519][bookmark: _Toc79942827]2.1.22	Herbal medicines and natural compounds for management of Peptic Ulcers
There is a wide range of conventional drugs available to treat Peptic Ulcer Disease, but many are associated with severe side effects. For example, an H2 antagonist can cause impotence, headache, and arrhythmias. The Proton Pump Inhibitors have been associated with hypergastrinemia, atrophic gastritis, and some cancers. Antacids have been associated with stomach distention, belching and constipation Anticholinergics cause constipation, dry mouth, urinary retention, while prostaglandins analogs have been known to induce abortion.
[bookmark: _Hlk36013251]The standard care of treatment, triple therapy, has seen a gradual decline with the resistance to antibiotics in the combination. The herbal medicine with a relatively safer profile, better cultural acceptability, cheaper and available would provide a worthy alternative in preventing and managing P.U.D. (Gohar et al., 2014; Wegener et al., 2016; Krepkova et al., 2017). 
[bookmark: _Toc35243999][bookmark: _Toc14194261][bookmark: _Toc75018509][bookmark: _Toc79407201][bookmark: _Toc79941906][bookmark: _Toc79942213][bookmark: _Toc79942520][bookmark: _Toc79942828]2.1.23	Traditional use of plants for peptic Ulcers
Traditional use of herbal preparations as remedies for peptic ulcers can be traced back to China. Extracts of several plants have been demonstrated to possess anti-ulcer activity (Bae et al., 1998).
Leaves from the Solanaceae family, such as Atropa belladonna and Hyoscyamus niger, have been used to treat peptic ulcers (Yasuyuki et al., 1997). In addition, some Aloe species, such as Aloe vera and essential oils from the ginger rhizome (Zingiber officinale), have been shown to possess anti-ulcer activity (Maurya et al., 2011).
[bookmark: _Hlk36013600]Plectranthus barbatus leaves are used for the treatment of gastric pains (Hatil et al., 2009). Musa acuminata (Musaceae) fruit is orally taken daily to treat diarrhea, fever, and gastric pains. Ocimum lamiifolium. (Lamiaceae) for the treatment of amebiasis, diarrhea, and gastric pains.
[bookmark: _Hlk36013823]Mitragynai nermis leaves and stem barks treat sinusitis, gastric pains, taeniasis, and dysentery. Rauwolfia vomitoria dry leaves preparation generates gastric and duodenal mucous (Olivier et al., 2016). Strychnos spinosa crushed stem barks are used to treat gastric pains (Noumi et al., 2000). 
A combination of Bupleurum, Angelica, and Licorice root has been used for treating ulcers. In addition, marshmallow root helps soothe irritated mucous membranes, and rhubarb can help stop intestinal bleeding, which sometimes accompanies peptic ulcers: Peppermint, deglycyrrhizinated licorice, cranberry, and mastic. Mastic is a traditional remedy for this condition that may impair the growth of Helicobacter pylori (Catherine et al., 2010).  
[bookmark: _Hlk36014496]Comfrey is a soothing herbal remedy in the treatment of peptic ulcers. The roots and the leaves of this plant are used medicinally (Christiane et al., 2012). Pepper in moderation is said to be good therapy for ulcers (Gehan et al., 2016). The use of cabbage or its juice is reported to have anti-ulcer activity (Carvalho et al., 2011, Mirzaliev et al., 2019, Hadda et al., 2014).
[bookmark: _Toc14194262][bookmark: _Toc35244000][bookmark: _Toc75018510][bookmark: _Toc79407202][bookmark: _Toc79941907][bookmark: _Toc79942214][bookmark: _Toc79942521][bookmark: _Toc79942829]2.1.24	Scientific work on plants with anti-ulcer activity
The anti-ulcer activity of many plants has been reported. Some of these have been single plant extracts or powders. A lot of scientific work has been done to explore the anti-ulcer effect of some of these plants. The studies have investigated extracts from leaves, roots, seeds fruits on experimentally induced ulcers in rats. Table 2.2 shows some plants with anti-ulcer activity. 
[bookmark: _Ref10904097][bookmark: _Toc8056641][bookmark: _Toc8032062][bookmark: _Toc35187614][bookmark: _Toc75019284][bookmark: _Toc79407327][bookmark: _Toc79941595][bookmark: _Toc79941908][bookmark: _Toc79942215][bookmark: _Toc79942522][bookmark: _Toc79942830]Table 2.2: Some plants and plant formulations with anti-ulcer activity.
	Plant
	Plant part
	Findings/conclusion
	Reference

	Raphinus sativus
	Leaves
	Anti-ulcer activity is consistent with usage in folk medicine in animals.
	Devaraj et al., 2011

	Citrus sinensis
	Fruit Peel
	The potential anti-ulcer effect of hesperidin may be due to antioxidant, neuroprotective and cytoprotective activities.
	Bigoniya et al., 2014)

	Flabellaria paniculata
	Leaves
Roots
	Protective against induced ulcers.
	Sofidiya et al., 2012

	Curcuma purpurascens
	Rhizome
	Gastroprotective effect against gastric damage.
	Rouhollahi et al., 2014

	Linum usitatissimum 
	Seed
	Water extract could be a potential medicine in peptic ulcer therapy.
	Makonnen et al., 2017

	Saussurea Lappa

	Roots

	Accelerate the coalescence of chronic duodenal ulcers, and increase gastrointestinal myoelectric activity and the expression of cholecystokinin and motilin in the duodenum. 
	Zhang et al., 2016


	Azadirachta indica 
	Leaves
	Gastroprotective ability on 1ml of 100 % ethanol.
	Rahman et al., 2014

	Indigofera pulchra
	Leaves
	It could serve as a lead for the development of new anti-peptic ulcer drugs.
	Saleh et al., 2017

	Entada gigas
	Seed
	Significant anti-ulcer activity mediated via cytoprotective and anti-secretory mechanisms.
	Akindele et al., 2016

	Spondias mombin and Ficus exasperata
	Leaves
	Excellent gastroprotective and antioxidative potential.
	Sabiu et al., 2016

	Helicteres sacarolha
	Leaves
	Scientific support for the widespread use treatment of gastric ulcers with a multi-targeted action.
	Balogun et al., 2015

	Phyllanthus niruri
	Leaves 
	Possesses gastroprotective activity by different and complementary pathways.
	Klein-Júnior et al., 2017

	Brassica oleraceae
	Leaves 
	Superiority and safety over the commonly used conventional anti-ulcer drugs.
	Shoaib et al., 2016

	Cydonia oblonga
	Fruits
	Could be a complementary medicine for peptic ulcer.
	Parvan et al., 2017

	Wrightia tinctoria
	Leaves
	Possesses an anti-ulcer effect.
	Divakar et al., 2011

	Arctium lappa
	Leaves
	Gastroprotective due to defensive factors of the mucosa, such as endogenous sulfhydryls and NO.
	De Jesus et al., 2012

	Thymus hirtus sp. algeriensis 
	Leaves aerial parts
	Male rats are more sensitive to gastric ulcers induced by HCl/ethanol than females.
	Guesmi et al., 2014)

	Glycyrrhiza glabra, Alyxia reinwardtii, and (Blumea balsamifera
	Bark
	Potential to develop as a gastroprotective agent.
	[bookmark: _Hlk36014998]Nugroho et al., 2016

	Nigella sativa
	Seeds 
	Significant protection against a gastric ulcer in rats as compared to Omeprazole.
	Sultana et al., 2016

	Myristica malabarica, Qualea grandiflora Phyllanthus emblica Centella asiatica, among others
	Fruits and leaves, among others
	Herbal medicines are effective in treating gastric ulcers with fewer adverse effects and lower recurrence rates.
	Bi et al., 2014
Review papers

	Pimpinella anisum,  Alchornea triplinervia. Cinnamomum tamala  Anogeissus latifolia, among others
	Leaves,
Stem, bark among others
	A combination of certain herbal medicines could be a valuable alternative to prevent the development of a gastric ulcer.
	Bi et al., 2016
Review papers

	Mouriri pusa, Trichosanthes cucumerina Musa sapientum, among others
	Leaves
fruits among others
	Edible, natural ingredients are effective for preventing the development of gastric ulcers induced by NSAIDs.
	Bi et al., 2017
Review papers

	Dalbergia sissoo 
	Leaves
	Activity against alcohol and aspirin-induced ulcers.
	Gul et al., 2016

	GutGard, a standardized extract of Glycyrrhiza glabra
	Bark
	Anti-ulcerogenic properties via the cytoprotective mechanism.
	Mukherjee et al., 2010

	herbal HZJW 
	
	Efficacy and safety in healing the peptic ulcer and combating H. pylori in experimental animals.
	 Xie et al., 2013.

	UL-409
	
	Inhibition of alcohol-induced contraction of isolated rat fundus.
Possesses anti-ulcer activity due to the modulation of defensive factors by improvement in gastric cytoprotection.
	Venkataranganna et al., 1998.
[bookmark: _Hlk36015226]Mitra et al., 1996.

	Hyptis martiusii 
	Leaves
	Has an antiulcerogenic activity.
	Caldas et al., 2011.

	Cardiospermum halicacabum 
	Root
	Successfully reversed gastric ulcer induced by indomethacin and pylorus ligation. 
	Sheeba et al., 2016 

	Allium sativum, Brassica oleracea, and Aloe barbadensis
	Bulb, leaves
	Exhibited good antiulcer activity 
	Akinbo et al., 2016

	GastritolR -A combination of extracts from chamomile, silverweed, licorice, angelica, blessed thistle, and wormwood,
	Aerial
	Improvement of symptoms in patients.
	Wegener et al.,2016

	Syngonanthus arthrotrichus and Syngonanthus bisulcatus
	Scapes
	Healing and gastroprotective effects. 
	Batista et al., 2015 

	Dalbergia sissoo
	Leaves
	Anti-ulcer activity against alcohol and aspirin-induced ulcers.
	Gul et al., 2016

	Spondias mombin and Ficus exasperata
	Leaves
	Ameliorates indomethacin-induced gastric ulceration in rats. 
	Sabiu et al., 2016

	Mentha pulegium
	Leaves
	Combination with famotidine improved dyspeptic symptoms and quality of life in patients and eradicated H. pylori. 
	Khonche et al., 2017

	Convolvulus pilosellifolius
	Leaves
	Amanitate and asmatol with 78.38% and 5.38% anti‐ulcerogenic activity, respectively.
	Awaad et al., 2016

	[bookmark: _Toc8056642][bookmark: _Toc5378125][bookmark: _Toc8032063][bookmark: _Ref5352829][bookmark: _Toc5446020]Musa sapientum
	fruit
	The study suggests that the methanolic extract of Musa sapientum possesses a significant ulcer protective effect, which is comparable to omeprazole and ranitidine, 
	 Prasad et al., 2020

	Artocarpus lakoocha
	Aerial

	Oxyresveratrol possesses a significant anti-ulcer property which might be attributed to attenuated expression levels of IL-6, TNF-α, NF-ĸB, and COX-2 and elevated expression levels of TFF-2.
	Aziz et al.,2019

	Blumea lacera
	Leaves

	These studies establish that MEBLL has ulcer healing properties, as unveiled by in vivo and silico studies.
	Hossen et al., 2021

	Cuphea ignea
	aerial
	C. ignea extract showed a potential gastroprotective effect on the ethanol-induced gastric ulcer, and its effect may be mediated by suppressing oxidative stress and gastric inflammation.
	Mousa et al., 2019

	Musa sapientum
	Fruit
	Banana accelerated healing in Indomethacin-induced gastric mucosa injury, and its therapeutic effect was more effective than its prophylactic one.
	Safaa et al., 2018

	Rumex nepalensis
	roots
	This study concluded that hydromethanolic crude extract and solvent fractions of R. nepalensis root showed promising anti-ulcer activity. 
	Sisay et al., 2020

	Musa sapientum
	Fruit
	The present study reviews the relevant studies on bioactive compounds in Musa sapientum with their healing potentials in gastric ulcer diseases.
	Mousa et al., 2019

	quercetin, apigenin, garlic extract, apple, among others
	Peel, root among others
	many medicinal plant products possess anti-H. Pylori activity as well as an anti-H. Pylori-induced gastric inflammatory effect. Those plant products have shown great potential as pharmaceutical candidates for H. pylori eradication and H. pylori-induced related gastric disease prevention.
	Wang et al., 2014
A review

	Acacia arabica, Aegle marmelos, Allium sativum, Adansonia digitate, Momordica charantia, Moringa oleifera, among others
	Leaves, seeds among others
	In the present review, attempts have been made to recognize some of the common Indian medicinal plants used to treat or prevent peptic ulcers.
	Tiwari et al., 2020
 A review

	Acacia nilotica, Alchornea triplinervia, Allium sativum, Arrabidaea chica
	Leaves,bulb,aerial
	Traditional folk medicinal use of some of these plants to treat gastric infections is substantiated by the antibacterial activity of their extracts against H. pylori
	Maliheh et al., 2015
A review

	Korean red ginseng, Allium sativum, Camellia sinensis Zingiber Officinalis,
	Leaves, bulb root among others
	The review presents common medicinal plants that may be used for the treatment or prevention of peptic ulcers.
	Kuna et al., 2019
A review

	 Aesculus hippocastanum, Acacia nilotica Achillea millefolium, among others
	Leaves, seeds, aerial among others
	This review highlights the anti-H. pylori medicinal plants, secondary metabolites and their mode of action  
	Abou et al., 2020
A review

	Serjania marginata, thymol Origanum, and Cuphea aequipetala, among others
	Leaves, seeds among others
	In this review, there is information about some kinds of plants useful in treating peptic ulcers. A report of their postulated mechanism of action in gastroprotection is provided 
	Albarri et al., 2018
A review

	Vernonia Condensata
	Leaves
	Extract demonstrates gastroprotective effects through the inhibition of gastric secretion via cholinergic and gastrinergic pathways. Furthermore, it exhibits cytoprotective effects, involving antioxidant activity, increased mucin content, and inhibition of neutrophil migration. Thus, this medicinal plant may be a suitable natural source for preventing and treating gastric lesions.
	Boeing et al., 2016

	Musa balbisiana
	Fruit
	It showed 73.15% ulcer protection compared to the ulcer control group, comparable to the standard drug omeprazole. So, the aqueous extract of unripe fruits of Musa balbisiana was effective in the healing of gastric ulcers induced by the cold-water immersion method
	Rafa et al., 2018

	Maytenus robusta 
	aerial
	Gastroprotective efficacy established and safety confirmed with therapeutic doses
	da Silva et al., 2015

	Zingiber officinale
	Root
	Zingiber officinale was observed to possess anti-ulcerogenic properties and can be used as an herbal remedy to prevent peptic ulcers.
	Airaodion et al., 2019

	Euphorbia hirta
	Leaves and stem
	The study, therefore, validates usage and claim by the Igbo people of the southeastern part of Nigeria that the phytomedicine of E. hirta combined with honey has good anti-ulcer potential.
	Onyeka et al., 2020

	Allophylus serratus, Aloe vera   Capsicum annuum Desmostachya bipinnata   Excoecaria agallocha among others
	Leaves, seeds among others
	This study has presented the review of commonly used anti-ulcer plants to treat or prevent peptic ulcers and the other reported activities.
	Srinivas et al., 2013
A review

	Ficus arnottiana,cucuma longa, Nigella sativa, jatropha curcus
	Leaves, fruits, seeds, rhizomes, among others
	Several plants have the potential as anti-ulcer agents.
	Gadekar et al., 2010
A review

	Myristica fragrans
	Seed
	It is concluded that Myristica fragrans showed significant protecting activity in ethanol-induced ulcers. 
	Sattar et al.,2019

	Osyris quadripartita 
	Leaves
	The study validates the use of the plant as an anti-ulcer in Ethiopian folk medicine. 
	Abebaw et al., 2017

	Sonchus oleraceus
	Aerial and roots
	Phytochemical screening of the investigated extracts revealed carbohydrates, flavonoids, tannins, unsaturated sterols, proteins, and lactones responsible for the anti-ulcer activities.
	Alothman et al., 2018

	 Intsia bijuga, Cynometra ramiflora, Tamarindus indica, Cassia javanica, Cassia fistula, Bauhini purpurea, Senna spectabilis, Senna siamea and Saraca thaipingensis
	 Leaves
	We conclude that plant extracts are potential sources of new anti-ulcer agents.
	Paguigan et al., 2014

	Phyllanthus niruri
	Leaves
	The investigation suggests that methanolic extract of P. niruri leaf possesses anti-inflammatory activity and promotes ulcer protection as ascertained by regeneration of mucosal layer and substantial prevention of the formation of hemorrhage and edema.
	Mostofa et al., 2017

	Ficus religiosa
	Leaves
	The extract is non-toxic even at relatively high concentrations. The anti-ulcer activity is probably due to the presence of flavonoids.
	Gregory et al., 2013

	Aframomum pruinosum
	Leaves
	These findings suggest that A. pruinosum methanol extract possesses anti-ulcer properties as ascertained by the comparative decreases in ulcer areas, an increase of mucus, and NO gastric production.
	Kouitcheu et al., 2017

	Desmostachya bipinnata
	leaves
	After its clinical valuation, the isolated compound (Quercetin) might be useful as a chemo-preventive agent for peptic ulcers in H. pylori-infected individuals.
	Ramadan et al., 2009

	Feijoa sellowiana, Strychnos pseudoquina, Punica granatum L, among others
	Leaves, seeds peel, fruits, among others
	The study demonstrated the vast therapeutic possibilities for compounds originating from natural sources. Furthermore, it revealed the need for innovations from future investigations to expand the therapeutic arsenal to fight against H. pylori infection.
	Bonifácio et al., 2014

	[bookmark: _Hlk72506356][bookmark: _Hlk72506386]Qualea parviflora , Qualea multiflora, Alchornea triplinervia , Qualea grandiflora, Anacardium humile ,Davilla elliptica ,Mouriri pusa , Byrsonima basiloba , Alchornea glandulosa , Byrsonima intermedia
	Leaves, bark
	The present results justify the ethnomedical use of these plants, which appears to have a great potential to become useful as phytodrugs to treat gastric ulcers induced by H. pylori.
	Bonacorsi et al., 2013

	[bookmark: _Hlk72506375]Woodfordia fruticosa 

	Leaf
	The extract showed anti-ulcer potential and is ready for clinical evaluation. 
	Khan et al., 2019

	Aegle marmelos, Piper nigrum, Camellia sinensis, Coriandrum sativum
	Leaves, roots, seeds, shoots, among others
	Several plants that were tested in our study had bactericidal and/or anti-adhesive effects on H pylori. Thus, ingesting the plants with anti-adhesive properties could provide a potential alternative therapy for H pylori infection, which overcomes the problem of resistance associated with current antibiotic treatment. 
	O’Mahony et al., 2005

	S. birrea, C. molle and G. kola
	aerial
	These results demonstrate that S. birrea, C. molle, and G. kola may represent promising sources of compounds with anti-H. Pylori activity. 
	Njume et al., 2011

	Musa sapientum
	fruit
	The exploration of natural products and medicinal plant extracts has become the most exciting and attractive source of a new therapy for various gastrointestinal disorders, especially in treating peptic ulcers.
	Bashir et al.,2020



[bookmark: _Toc79407203][bookmark: _Toc79941909][bookmark: _Toc79942216][bookmark: _Toc79942523][bookmark: _Toc79942831]2.1.25	Some mechanism of action of herbal preparations used for their anti-ulcer activity	
Herbal medicines may have various modes of action; some may exhibit either one step or multiple actions in their anti-ulcer activity. Some suggested mechanisms of action include increased mucus production, reduction of total acid, and increase in the growth of mucus wall, among others. Table 2.3 summarizes some of these mechanisms of action by different herbal medicines.
[bookmark: _Ref75082361][bookmark: _Toc35187615][bookmark: _Toc75019285][bookmark: _Toc79407328][bookmark: _Toc79941597][bookmark: _Toc79941910][bookmark: _Toc79942217][bookmark: _Toc79942524][bookmark: _Toc79942832]Table 2.3: Herbal plants that have anti-ulcer activity and their suggested mode of action
	 Plant
	                          Mode of Action
	          Reference

	Cardiospermum halicacabum
	Antioxidant, anti-inflammatory, anti-secretory, and inhibitory effect on NF-kB activation
	Sheeba et al., 2016)

	Tinospora sagittata and palmatine
	Plant and its major component, palmatine active against H. pylori
	Rong et al., 2016

	Herbal drugs
	Treatment of H. pylori infection
	Mousavi et al., 2016

	Thai herbal medicine
	Potential anti-H. pylori activity and anti-internalization activity
	Chaichanawongsaroj et al., 2012

	Ginger powder
	Protect the stomach against the ulcer formation induced by aspirin by reducing iNOS activity in the gastric mucosa and inflammatory cytokine (TNF-α and IL-1β) expression.
	[bookmark: _Hlk36015629]Wang Zhongzhi et al., 2011

	Gymnosperma glutinosum
	Adjuvant for treatment of diseases caused by H. pylori.
	Gomez-Flores et al., 2016

	Citrus Fruits
	Effective on Helicobacter pylori 
	Mandalari et al., 2017

	Geranium wilfordii
	Extract and constituents, corilagin and 1,2,3,6-tetra-O-galloyl-β-d-glucose anti-Helicobacter pylori 
	Zhang et al., 2013

	Licorice
	The addition of licorice to the tripleclarithromycin-based regimen increases H. pylori eradication, especially in the presence of peptic ulcer disease.
	Hajiaghamohammadi et al., 2016

	Ceratonia siliqua 
And others
	The multiple mechanisms of medicinal plant action in gastroesophageal reflux disease other than anti-secretory properties appeared to provide more efficient treatment. In addition, they helped to manage the histopathological changes associated with this disorder.
	Salehi et al., 2017

	Kalanchoe pinnata
	The gastroprotection confirms evidence for the widespread use in treating gastric ulcers in the animal model.
	Sobreira et al., 2017

	Curcuma xanthorrhiza
	Protective effects on the gastric mucosa by increased mucus production and decreased free radicals' formation in the body result in an elevated PGE2 and superoxide dismutase activity and reduced lipid peroxidation.
	Rahim et al., 2014

	Hibiscus cannabinus and Hibiscus sabdariffa
	Adding these seeds to the daily diet may reduce free radical activity in the body and reduce the risk of developing peptic ulcer disease.
	Nyam et al., 2016

	Syngonanthus arthrotrichus and Syngonanthus bisulcatus
	Healing involving S.H. groups, nitric oxide (NO), the antioxidant system, somatostatin, and gastrin - integral parts of the gastrointestinal mucosa's cytoprotective mechanisms against aggressive factors.
	Batista et al., 2015

	Morus macroura
	Increasing G.S.H. level and lowering M.D.A., Increasing PGE2 and NTF-a.
	Farrag et al., 2017

	Hyptis martiusii
	Increasing gastric mucosal defensive factors are resulting in significant inhibition of the formation of ulcers in various models.
	Caldas et al., 2011

	Rhus tripartita
	Increasing stomach antioxidant enzyme activities such as glutathione peroxidase, malondialdehyde, and superoxide dismutase. 
	Barka et al., 2017

	Pogostone from Pogostemonis Herba
	Stimulation of PGE2, improvement of antioxidant anti-inflammatory, and preservation of NP-SH.
	Chen et al., 2015

	Osyris quadripartita
	Comparable to the standard drugs, anti-secretory and cytoprotective.
	Abebaw et al., 2017

	Curcuma xanthorrhiza
	Increased mucus production and decreased free radicals resulting in elevated PEG2 and S.O.D. activity and lowering the peroxidation process.
	Rahim et al., 2014

	Vernonia condensata
	Inhibition of gastric secretion via cholinergic and gastric pathways, cytoprotection involving antioxidant activity, increased mucin content, and inhibition of neutrophil migration. 
	Boeing et al., 2016

	Cortex Phellodendri alkaloids
	Superior to Omeprazole by increased the epidermal growth factor level and accelerated the healing of ulcers through neurohumoral regulation.
	Wang et al., 2017

	Daucuscarota sativus
	Antioxidant, anti-secretory, cytoprotective.
	Agbaje et al., 2017

	Muntingia calabura
	Antisecretory, the participation of mucus, antiperoxidative improvement, antioxidant status modulation of NO and S.H. compounds, and stimulation of PGE2.
	Zakaria et al., 2016

	[bookmark: _Hlk36016098]Ocimum sanctum fixed oil.
	Lipoxygenase inhibitory, histamine antagonistic, and anti-secretory. 
	Singh et al., 1999

	Ginger essential oil
	Cytoprotection by increasing mucus wall thickness (barrier mucus) and by reducing the levels of serum γ-GTP
	Khushtar et al., 2009

	Pongamia pinnata
	Reduced acid output and increased mucin secretion and mucosal glycoproteins while decreasing gastric mucosal cell shedding without affecting cell proliferation. 
	Prabha et al., 2009

	Centella asiatica
	Increased gastric juice mucin secretion increased the mucosal cell glycoproteins and decreased cell. 
	Sairam et al., 2001(a)

	Convolvulus pluricaulis
	Augmentation of mucosal defensive factors like mucin secretion, the lifespan of mucosal cells, and glycoproteins.
	Sairam et al., 2001(b)

	Mimosa pudica leaves
	The volume of gastric acid secretion, P.H., free acidity, total acidity, and ulcer index reduced.
	Vinothapooshan et al., 2010

	Antiulcerogenic herbal ingredients
	Decreasing acid and pepsin output which enhances gastric mucosal strength.
	Bi et al., 2016


	Banana (Musa spp.) 
	Ulcer healing and protective action
	Prasad et al., 2020

	Banana (Musa spp.)
	Ulcer healing and protective action
	Abdul et al., 2020

	Banana (Musa spp.)
	Ulcer healing and protective action
	Elayabalan et al., 2017

	Musa sapientm 
	Ulcer healing and protective action 
	Bashir et al., 2020

	Banana (Musa spp.)
	Ulcer healing and protective action
	Hendrika et al., 2018

	Banana (Musa spp.)
	Ulcer healing and protective action 
	Tiwari et al., 2020

	Banana (Musa spp.)
	Ulcer healing and protective action
	Kuna et al., 2019

	Banana (Musa spp.)
	Ulcer healing and protective action
	Abou et al., 2020.

	Banana (Musa spp.)
	Ulcer healing and protective action
	Albarri et al., 2018

	Musa balbisiana 
	Ulcer healing and protective action
	Rafa et al., 2018 

	Zingiber Officinale 
	Ulcer healing and protective action
	Airaodion et al., 2019

	Banana (Musa spp.)
	Ulcer healing and protective action
	Hoi et al., 2020

	Banana (Musa spp.)
	Ulcer healing and protective action 
	Srinivas et al., 2013

	Banana (Musa spp.)
	Ulcer healing and protective action
	Gadekar et al., 2010


[bookmark: _Toc35244001][bookmark: _Toc14194263]Table 2.3 shows the mechanism of action of various plants of herbal origin in their anti-ulcerogenic activity. 
[bookmark: _Toc75018511][bookmark: _Toc79407204][bookmark: _Toc79941911][bookmark: _Toc79942218][bookmark: _Toc79942525][bookmark: _Toc79942833]2.1.26	Anti-ulcer activity of banana fruit 
There are many reports on the pharmacological effects of bananas on ulcers. Banana is the major ingredient in Mupal®. Bananas are edible fruits produced by flowering plants and consumed in many parts of the world. Many studies have been done on the banana on its anti-ulcer activity on experimentally induced ulcers in rats. 

Table 2.4 shows some of the work done with various banana species.
[bookmark: _Ref10904545][bookmark: _Toc8056643][bookmark: _Toc8032064][bookmark: _Toc35187616][bookmark: _Toc75019286][bookmark: _Toc79407329]

[bookmark: _Toc79941599][bookmark: _Toc79941912][bookmark: _Toc79942219][bookmark: _Toc79942526][bookmark: _Toc79942834]Table 2.4: Reported work on the anti-ulcer activity of banana
	Plant/preparation
	Activity/mechanism
	Reference

	[bookmark: _Hlk36016274]Banana supplement (Musa species)
	Sliced banana supplemented a significant reduction in the incidence of gastric ulcers.
	Elliott et al., 1976

	Plantain banana (Musa species)
	Unripe plantain banana was anti‐ulcerogenic, effective both as a prophylactic treatment and in healing ulcers. But, unfortunately, ripe fruit bananas were inactive.
	Best et al., 1984

	Plantain Banana
(Musa species)
	Antiulcerogenic effects due to the strengthening of mucosal resistance.
	Goel et al., 1985

	Banana powder Musa sapientum var. paradisiaca)
	Banana powder treatment not only strengthens mucosal resistance against ulcerogens but also promotes healing by inducing cellular proliferation.
	Goel et al., 1986

	Banana powder (Musa sapientum var. paradisiaca)
	Strengthens mucosal resistance and promotes the healing of ulcers.
	Mukhopadhyaya et al., 1987

	Plantain Banana
(Musa species)
	The ethanolic extract caused a concentration-dependent increase in the eicosanoid accumulation, but the water extract was ineffective.
	Goel et al., 1989

	Fresh green sweet bananas
(Musa species)
	Protection of gastric mucosa.
	[bookmark: _Hlk36016407]Dunji et al., 1993

	Musa sapientum var. paradisiaca
	Dried unripe plantain banana powder and extracted leucocyanidin demonstrated a significant protective effect. 
	Lewis et al., 1999

	Plantain banana Musa sapientum var. paradisiaca
	Absence of anti - H. pylori activity of the methanolic extract.
	Goel et al., 2001

	Thai Musa species
	Prominent gastroprotective effect.
	Pannangpetch et al., 2001

	Musa paradisiaca 
	An antiulcerogenic powder.
	Costa et al., 1997

	Musa sapientum 
	The protective effect seemed both experimental and clinical due to the predominant impacts on various mucosal defensive factors.
	[bookmark: _Hlk36016589]Goel et al., 2002

	Plantain banana
(Musa species)
	The protective effect is predominant on mucosal glycoprotein, cell proliferation, free radicals, and antioxidant systems.
	Kumar et al., 2006

	Musa sapientum var. paradisiaca
	Ulcer healing and mucosal protective actions.
	Agarwal et al., 2009

	Musa sapientum
	Aqueous extract ameliorates ulcers. 
	Prabha et al., 2011

	Musa sapientum var. paradisiaca (Plantain)
	Antiulcerogenic and mucosal protective actions, but it has no anti-secretory activity. 
	Tandel et al., 2012

	Musa sapientum var. paradisiaca
	It could be more effective in diabetes with concurrent gastric ulcers compared with Omeprazole or insulin.
	Kumar et al., 2013

	Musa paradisiaca
	Unripe plantain and cabbage aqueous extracts for both the prevention and treatment of peptic ulcers.
	Enye et al., 2013

	Musa paradisiaca
	Orally administered banana powder in the dose of 3 gm/kg and 4 gm/kg caused a statistically significant decrease in aspirin-induced ulcers in rats.
	Tandel et al., 2013

	Musa sapientum 
	Peel anti-ulcer effect due to its anti-secretory and cytoprotective activity may be connected with basic fibroblast growth factors responsible for epithelial regeneration.
	Onasanwo et al., 2013

	Musa paradisiaca
	Methanol and ethanol extract showed a higher zone of inhibition of test organisms fruit methanol and ethanol extract. Acetone extract from both fruit and peel showed no antibacterial activity. (Salmonella typhi, Escherichia coli,
Shigella dysentrariae, Klebsiella pneumonia, 
Bacillus subtilis, Staphylococcus aureus). 
	Asoso et al., 2016 

	Musa sapientum
	Significantly reduced macroscopic and histologic colon tissue damage like that of sulfasalazine.
	[bookmark: _Hlk36016879]Adegoke et al., 2016


	[bookmark: _Hlk36016960]Musa paradisiaca
	Able to prevent induced ulcers by strengthening the gastric mucosa and decreasing the gastric juice acidity.
	Rao et al., 2016


	Musa paradisiaca
	Ethanol extract Salmonella typhi while Bacillus subtilis and Staphylococcus aureus. On the other hand, water extract had lower activity and no activity against Salmonella typhi, Micrococcus luteus, and Staphylococcus aureus.
	Ehiowemwenguan et al., 2014

	Musa paradisiaca
	The aqueous fruit extract has anti-ulcer properties.
	[bookmark: _Hlk36017060]Koffuor et al., 2013

	Musa paradisiaca
	Confirmed that the aqueous extract of unripe plantain peels.
	[bookmark: _Hlk36017142]Enemchukwu et al., 2014





Table 2.4 shows various studies that have been done on the banana plant to reveal its anti-ulcer activity. 
[bookmark: _Toc14194264][bookmark: _Toc35244002][bookmark: _Toc75018512][bookmark: _Toc79407205][bookmark: _Toc79941913][bookmark: _Toc79942220][bookmark: _Toc79942527][bookmark: _Toc79942835]2.1.27 Anti-ulcer chemical compounds of banana, Family Musaceae
Banana is a common fruit in many parts of Kenya and the African region. Many studies have reported that the banana pulp protects the gastric mucosa in experimentally induced ulcers through multiple mechanisms (Table 2.3).
[bookmark: _Hlk36017210]Pectin and phosphatidylcholine in green bananas have been shown to strengthen the mucous-phospholipid layer that protects the gastric mucosa (Dunji et al., 1993). In addition, a colorless chemical compound, leucocyanidin, a natural flavonoid from the unripe banana (Musa sapientum) pulp, protects the gastric mucosa from erosions by increasing gastric mucus thickness (Lewis et al., 1999; Onasanwo et al., 2013).  In their findings on aspirin-induced ulcers, Goel and others also reported anti-ulcerogenic activity with the banana pulp powder (Goel et al., 1986).
[image: ]
[bookmark: _Hlk37659297]Leucocyanidin
[bookmark: _Toc14194265][bookmark: _Toc35244003][bookmark: _Toc75018513][bookmark: _Toc79407206][bookmark: _Toc79941914][bookmark: _Toc79942221][bookmark: _Toc79942528][bookmark: _Toc79942836]2.1.28	Mupal® powder in the management of peptic ulcers
In Kenya, Mupal® powder has been in use for the management of peptic ulcers since 1987. In addition, it is used for the treatment of Peptic Ulcer Disease (Mwangi et al., 2000). Mupal® powder is a polyherbal natural phytomedicine containing carefully selected and prepared herbs and common foods scientifically known to alleviate stomach and duodenal ulcers through multiple mechanisms. It was introduced as an alternative/complementary phytomedicine to treat and alleviate gastric and peptic ulcers. 
[bookmark: _Toc465686937][bookmark: _Toc514830596][bookmark: _Toc514831407]It contains various banana parts, herbs, vegetables, and essential oils. Several case stories have shown positive outcomes in patients with both clinical and laboratory peptic ulceration. (Mwangi et al., 2000). In addition, preliminary findings suggested that it is effective and safe in ethanol and indomethacin-induced ulcers (Njogu et al., 2002). 
[image: ]
[bookmark: _Toc14194422][bookmark: _Toc35187643][bookmark: _Toc75019338][bookmark: _Toc79407364][bookmark: _Toc79941602][bookmark: _Toc79941915][bookmark: _Toc79942222][bookmark: _Toc79942529][bookmark: _Toc79942837][bookmark: _Toc5446025][bookmark: _Toc5378130][bookmark: _Ref5379633][bookmark: _Ref5379644]Figure 2.2: Packaged Mupal® powder

[bookmark: _Toc35187644][bookmark: _Toc14194423][bookmark: _Toc75019339][bookmark: _Toc79407365][bookmark: _Toc79941603][bookmark: _Toc79941916][bookmark: _Toc79942223][bookmark: _Toc79942530][bookmark: _Toc79942838][bookmark: _Toc5378131][bookmark: _Toc5446026][bookmark: _Ref5379686][bookmark: _Ref5379681][bookmark: _Toc514830597][bookmark: _Toc514831408][bookmark: _Toc465686938]Figure 2.3:  Mupal® Powder Insert
Mupal® contains various banana parts, herbs, vegetables, and essential oils.
Banana Parts
Bananas are grown in Kenya and the African region and form part of the staple foods. Their role as an ant-ulcerogenic agent has been studied and documented (Best et al., 1984).  Their safety on both acute and chronic toxicity is also well documented (Costa, et al., 1997).
Other ingredients
The other ingredient in Mupal® are flavoring agents, vegetables, and essential oils with ulcer healing (Mwangi et al., 2000).
Chemical Composition and mechanism of action
The declared chemical constituents responsible for the stomach and duodenal ulcer-healing properties in Mupal®   include tetracyclic triterpenoids, pentacyclic triterpenoids glycosides, and their aglycones, sterylacy glucosides, uncommon sterols, cycloterpenes, shagoals, paradols, S-methylmethionine, and essential oil constituents (Mwangi et al., 2000). 
Tetracyclic triterpenoids are widely distributed in many medicinal plants and include dammarane, cucurbitane, cycloartane, lanostane, and protostane groups (Hamid et al.,2015).
Pentacyclic triterpenoids are widely distributed in many medicinal plants such as Glycyrrhiza species, Gymnema species, Centella asiatica, Camellia sinensis, Crataegus species, and Olea europae. They consist of bioactive compounds such as oleanolic acid, glycyrrhizin, glycyrrhetinic acid, ursolic acid, betulin, betulinic acid. (Alqahtani et al., 2013).
Plant glycosides are secondary metabolites that comprise a sugar portion that is linked to a nonsugar moiety. Glycosides play several roles in humans and animals and are usually stored as inactive compounds.
Shagaols are constituents of ginger similar in chemical structure to gingerol, with the most common being   6-shogaol. They have a wide range of medicinal properties, including alleviating nausea, arthritis, and pain.
Mupal® is a multi-component preparation, and that these ingredients may act through several mechanisms to bring about the healing of stomach and duodenal ulcers. 
[bookmark: _Toc75018514][bookmark: _Toc79407207][bookmark: _Toc79941917][bookmark: _Toc79942224][bookmark: _Toc79942531][bookmark: _Toc79942839]2.1.29	Ulcer induction Methods
Peptic ulcers can be induced by physiological, pharmacological, or surgical manipulations in several animal species. However, most experiments in peptic ulcer studies are carried out in rodents. Therefore, several models are used experimentally for testing or evaluating anti peptic ulcer activity of drugs/agents, and these include the following:
[bookmark: _Toc79941918][bookmark: _Toc79942225][bookmark: _Toc79942532][bookmark: _Toc79942840]2.1.29.1 Water-immersion stress or cold-water-restraint or cold-restraint stress 
Physical and psychological stress can cause ulceration in rats. This model uses the ordinally water immersion method while inducing acute stress in the rats. The stress result from physiological discomfort. This model is useful for assessing agents used for the healing of ulcers in rats. Stress-induced ulcers are produced due to histamine release, leading to increased acid secretion and mucus production reduction.
[bookmark: _Toc79941919][bookmark: _Toc79942226][bookmark: _Toc79942533][bookmark: _Toc79942841]2.1.29.2 NSAIDs- induced gastric ulcers 
NSAIDs like indomethacin, aspirin, and ibuprofen can cause gastric ulcers. The model is used in investigating the potential usefulness of anti-secretory and cytoprotective agents. NSAIDs induce ulcers by blocking the production of prostaglandins which are cytoprotective agents.
[bookmark: _Toc79941920][bookmark: _Toc79942227][bookmark: _Toc79942534][bookmark: _Toc79942842]2.1.29.3 Ethanol-induced gastric ulcers 
Ethanol penetrates the gastric mucosa exposing it to proteolytic and hydrolytic actions of hydrochloric acid and pepsin. Ethanol can also act in multiple other ways to disrupt the lining of the mucosa. This model is independent of gastric ulcer secretion and resembles acute peptic ulcers in humans. This method is not useful in testing anti-secretory drugs but, it's important in investigating agents that potentially have cytoprotective activities.
[bookmark: _Toc79941921][bookmark: _Toc79942228][bookmark: _Toc79942535][bookmark: _Toc79942843]2.1.29.4 Acetic acid-induced gastric ulcers 
In this model, submucosal injection of acetic acid is done. The acetic acid model is suitable for chronic peptic ulcers. It is used to evaluate drugs for chronic ulcers, particularly those thought to have anti-secretory and cytoprotective effects.
[bookmark: _Toc79941922][bookmark: _Toc79942229][bookmark: _Toc79942536][bookmark: _Toc79942844]2.1.29.5  histamine-induced gastric ulcers 
Histamine enhances gastric acid secretion and also causes disturbance of the gastric mucosa. In addition, it affects microcirculation causing abnormal motility and reduction in mucus production. It's used in evaluating agents which are thought to have an anti-secretory effect.
[bookmark: _Toc79941923][bookmark: _Toc79942230][bookmark: _Toc79942537][bookmark: _Toc79942845]2.1.29.6 Reserpine-induced gastric ulcers
Reserpine cause degranulation of gastric mast cell releasing histamine. This model is acid-dependent with emphasis on motility than secretion. 
[bookmark: _Toc79941924][bookmark: _Toc79942231][bookmark: _Toc79942538][bookmark: _Toc79942846]2.1.29.7  Serotonin-induced gastric ulcers 
Serotonin induces ulcers by causing vasoconstriction, reducing gastric mucosal blood flow. This results in acute mucosal injury. Serotonin is administered through intragastric intubation with the aid of an orogastric cannula. 
[bookmark: _Toc79941925][bookmark: _Toc79942232][bookmark: _Toc79942539][bookmark: _Toc79942847]2.1.29.8  Pylorus-ligated-induced peptic ulcers 
This involves ligation of the pyloric end of the stomach, causing accumulation of acid that produces ulcers. This model is useful for investigating agents that affect gastric secretions. It can also be used for accessing agents that have a cytoprotective function.
Other ulcer-causing models include;
i. Diethyldithiocarbamate- (D.D.C.)-induced peptic ulcers 
ii. Methylene blue-induced ulcers 
iii. Ischemia-reperfusion- (I-R-) induced gastric ulcers
iv. Cysteamine-induced duodenal ulcers 
v. Indomethacin-histamine-induced duodenal ulcers 
vi. Ferrous iron-ascorbic acid-induced gastric ulcers
vii. Acetic acid-H. pylori-induced ulcers
[bookmark: _Toc14194266][bookmark: _Toc35244004][bookmark: _Toc75018515][bookmark: _Toc79407208][bookmark: _Toc79941926][bookmark: _Toc79942233][bookmark: _Toc79942540][bookmark: _Toc79942848]CHAPTER THREE: MATERIALS AND METHODS
[bookmark: _Toc35244005][bookmark: _Toc14194267][bookmark: _Toc75018516][bookmark: _Toc79407209][bookmark: _Toc79941927][bookmark: _Toc79942234][bookmark: _Toc79942541][bookmark: _Toc79942849]3.1 Study design
This was an experimental research design
[bookmark: _Toc514830598][bookmark: _Toc14194268][bookmark: _Toc35244006][bookmark: _Toc465686939][bookmark: _Toc514831409][bookmark: _Toc75018517][bookmark: _Toc79407210][bookmark: _Toc79941928][bookmark: _Toc79942235][bookmark: _Toc79942542][bookmark: _Toc79942850]3.2 Study materials
Mupal® was purchased from Juna Pharmaceuticals Nairobi, Kenya, while banana powder was prepared by drying and grinding unripe banana fruit (Musa paradisiaca) obtained from Western Kenya (Kisii), referred to as the cooking banana (Fig 3.1).
[image: ]
[bookmark: _Toc8056686][bookmark: _Toc35187645][bookmark: _Toc14194424][bookmark: _Toc75019340][bookmark: _Toc79407366][bookmark: _Toc79941616][bookmark: _Toc79941929][bookmark: _Toc79942236][bookmark: _Toc79942543][bookmark: _Toc79942851][bookmark: _Toc5378135][bookmark: _Ref5379710][bookmark: _Ref5379715][bookmark: _Toc499481360][bookmark: _Toc5446030]Figure 3.1: Unripe Banana fruit (Musa paradisiaca)
Image by Titus Kahiga 2013. 
[image: ]
[bookmark: _Toc499481361][bookmark: _Toc35187646][bookmark: _Toc14194425][bookmark: _Toc8056687][bookmark: _Toc75019341][bookmark: _Toc79407367][bookmark: _Toc79941617][bookmark: _Toc79941930][bookmark: _Toc79942237][bookmark: _Toc79942544][bookmark: _Toc79942852][bookmark: _Toc5378136][bookmark: _Ref5379743][bookmark: _Ref5379759][bookmark: _Toc5446031]Figure 3.2: Mupal® Powder
Image  by Titus Kahiga 2021
[bookmark: _Toc75019287][bookmark: _Toc79407330][bookmark: _Toc79941618][bookmark: _Toc79941931][bookmark: _Toc79942238][bookmark: _Toc79942545][bookmark: _Toc79942853]Table 3.1: Materials/reagents and equipment used in the experiments
	· Rats 
· Rat cages
· Helicobacter pylori isolate
· Weighing balance
· Tongs and scissors
· Bacterial medium and plates
· Microbial testing facilities
· Scalpels
· Measuring cylinders
· Pipettes
· 25 ml conical flasks
· Distilled water
· Reagents for TLC 
· TLC Plates
	· Absolute Ethanol
· Stop clock
· Magnifying glasses
· Biostep CD60
· Shimadzu IRSpirit FTIR-ATR
· SI Titan
· Dissecting microscope
· Photographic microscope
· Drugs
1. Mupal® powder 
1. Omeprazole Tablets (Span Sule Chem)
1. Triple therapy [Omeprazole 20 mg, Clarithromycin 250 mg, Metronidazole 200 mg powder]
1. Indomethacin powder
1. Banana fruit (Musa paradisiaca)


[bookmark: _Toc514831411][bookmark: _Toc14194269][bookmark: _Toc514830600][bookmark: _Toc35244007][bookmark: _Toc75018518] Sample preparation.
[bookmark: _Toc35244008][bookmark: _Toc14194270][bookmark: _Toc75018519][bookmark: _Toc79407211][bookmark: _Toc79941932][bookmark: _Toc79942239][bookmark: _Toc79942546][bookmark: _Toc79942854]3.3.1 Mupal® and banana methanol extract
Mupal® and Banana powders were sieved using a 180 µm sieve to produce a fine powder. Two hundred grams of both Mupal® and banana powder were weighed separately and put in a 2000 ml conical flask. Next, 1000 ml of the solvent (methanol) was added slowly while agitating, ensuring the solvent was above the plant material. The conical flask containing the samples was left to stand on an orbital shaker for 48 hours. Next, the extract was carefully filtered using a vacuum pump connected to a Buchner funnel with filter paper. The filtrate was then concentrated using a rotor evaporator machine. Finally, the crude extract was put in a sealed sample container ready for use.
[bookmark: _Toc35244009][bookmark: _Toc14194271][bookmark: _Toc75018520][bookmark: _Toc79407212][bookmark: _Toc79941933][bookmark: _Toc79942240][bookmark: _Toc79942547][bookmark: _Toc79942855]3.3.2 Mupal® and banana water extracts
Mupal® and banana powders were sieved using a 180 µm sieve to produce a fine powder. Two hundred grams of the powder was weighed and put in a 2000 ml conical flask of distilled water (1500 ml) was added while agitating, and the sample was left to stand for 24 hours on an orbital shaker. The extract was then filtered under vacuum through a Buchner funnel fitted with a muslin cloth. The filtrate was then transferred into freeze drier metallic Petri-dishes and kept in the refrigerator for 12 hours. The frozen sample was then transferred to the freeze drier for 48 hours at -35 to -450C and pressure below 15 pascals. The freeze-dried sample was then put into airtight plastic sample containers and kept in the refrigerator ready for use.
[bookmark: _Toc14194272][bookmark: _Toc35244010][bookmark: _Toc75018521][bookmark: _Toc79407213][bookmark: _Toc79941934][bookmark: _Toc79942241][bookmark: _Toc79942548][bookmark: _Toc79942856]3.3.3 Mupal®, omeprazole and banana suspensions
Banana and Mupal® were prepared into a fine powder then sieved using a 180 µm sieve to produce a fine powder.  The omeprazole capsules were opened, and the powder was put into a beaker. Appropriate aliquots of the drugs were weighed by analytical balance and constituted into suspensions of desired concentrations using distilled water.
The concentrations were chosen to give large enough volumes adequate for the intended animals but small enough not to cause a dilutional effect in the stomach. Where the drugs were combined, equal volumes of the drugs were used. Before each administration, the suspensions were agitated to re-disperse the drugs to avoid dose variations due to drug sedimentation.
[bookmark: _Toc514830601][bookmark: _Toc514831412][bookmark: _Toc14194273][bookmark: _Toc412808380][bookmark: _Toc465686940][bookmark: _Toc35244011][bookmark: _Toc75018522][bookmark: _Toc79407214][bookmark: _Toc79941935][bookmark: _Toc79942242][bookmark: _Toc79942549][bookmark: _Toc79942857]3.4 Experimental animals
Albino rats (Wistar strain) of either sex, weighing 150-200 g, 6-8 weeks old, were used for this study. The animals were obtained from the animal rearing unit, Department of Zoology of Kenyatta University. The animals were acclimatized for one week in standard cages.  They were fed with standard pellets and water ad libitum and were maintained under standard conditions (12 hours/12-hour light and dark cycles, at 25 ± 2 oC). They were then sampled randomly and used in different treatment groups.
[bookmark: _Toc514830603][bookmark: _Toc514831414][bookmark: _Toc14194274][bookmark: _Toc35244012][bookmark: _Toc75018523][bookmark: _Toc79407215][bookmark: _Toc79941936][bookmark: _Toc79942243][bookmark: _Toc79942550][bookmark: _Toc79942858]3.5 Preliminary investigation of ethanol-induced and indomethacin-induced ulceration of rats 
[bookmark: _Toc35244013][bookmark: _Toc514830604][bookmark: _Toc514831415][bookmark: _Toc14194275][bookmark: _Toc75018524][bookmark: _Toc79407216][bookmark: _Toc79941937][bookmark: _Toc79942244][bookmark: _Toc79942551][bookmark: _Toc79942859]3.5.1 Ethanol-induced ulcer
The modified method of ulceration described by Ode and Asuzu (2011) was used. Sixteen rats (8 males, 8 females) were randomly selected and placed into a group of four rats each, two males, and two females per group; the females were non-pregnant. They were assigned into groups A, B, C, D and were examined by the university veterinary surgeon to confirm their health status. They were fed on commercial pellets during this period and provided a 12-hour light/dark cycle and water ad libitum. They were housed in metal cages, 4 in each cage, and the same-sex being put together. The animals were identified by cage number and individual animal labeling and were allowed one week to acclimatize to laboratory conditions. 
The following strengths of 1ml of 100 % ethanol were tested for their effectiveness to produce ulcers 80% v/v, 90% v/v, and 100% v/v. 
The animals were starved for 48 hours and then treated as follows:
 To Group A was administered 1 ml of distilled water – Control group.
 To Group B was administered 1 ml 80% v/v ethanol.
 To Group, C was administered 1 ml 90% v/v ethanol.
 To Group, D was administered 1 ml 100% v/v ethanol.
The experimental animals were observed daily for seven days each before treatment and after treatment, for any change in behavior and mortality. Any changes that occurred were noted. 
The animals were sacrificed using Diethyl ether in a desiccator before dissecting, and the stomachs were excised, opened along the greater curvature, and examined for ulcerative action.
[bookmark: _Toc514830605][bookmark: _Toc514831416]Observations were made using the naked eye, magnifying glass, and dissecting microscope. 
[bookmark: _Toc14194276][bookmark: _Toc35244014][bookmark: _Toc75018525][bookmark: _Toc79407217][bookmark: _Toc79941938][bookmark: _Toc79942245][bookmark: _Toc79942552][bookmark: _Toc79942860]3.5.2 Indomethacin-induced ulcers
The modified method of ulceration described by Sayanti et al. (2007) was used. Three dose levels of indomethacin:- 60 mg/kg, 80, and 100 mg/kg body weight were investigated for their effectiveness in producing gastric ulcers (ulcerogenesis). Three laboratory rats were obtained, weighed, and housed in metal cages from which wood-shaving beddings were withdrawn entirely. The animals were provided with a 12-hr. light/dark cycle and water ad libitum but deprived of food for 48 hours before ulcer induction. An appropriate amount of indomethacin powder was suspended in 50% glycerin to produce a 5 mg/ml suspension of indomethacin. The rats were randomly assigned the three indomethacin dose levels under investigation plus one control. The drugs were administered orally.
Six hours after administering the indomethacin, the animals were sacrificed using diethyl ether exposure in a desiccator and dissected. The stomachs were excised, opened along the greater curvature, rinsed gently under a slow running stream of tap water, and spread on clean well-labeled Petri dishes with the inner mucosa facing upward. Each of the gastric mucosa specimens was examined for ulcerogenesis using the naked eyes, magnifying glasses, dissecting microscope, and the observation recorded.
[bookmark: _Toc35244015][bookmark: _Toc14194277][bookmark: _Toc75018526][bookmark: _Toc79407218][bookmark: _Toc79941939][bookmark: _Toc79942246][bookmark: _Toc79942553][bookmark: _Toc79942861][bookmark: _Toc514831420][bookmark: _Toc514830609]3.6 Determination of the anti-ulcer activity of Mupal® relative to Omeprazole using rat animal models
[bookmark: _Toc14194278][bookmark: _Toc35244016][bookmark: _Toc75018527][bookmark: _Toc79407219][bookmark: _Toc79941940][bookmark: _Toc79942247][bookmark: _Toc79942554][bookmark: _Toc79942862]3.6.1 Determination of efficacy of Mupal® suspension as compared to Omeprazole
Twenty Albino rats (winstar) weighing 150-200 g and 8 weeks old were randomly picked and put in the experiment room in a metal cage, 5 rats per cage to acclimatize for one week.  Food pellets and water was availed throughout this period. The experimental rats were observed throughout the acclimatization period and fasting period for any weakness and mortality. The rats fasted for 24 hours before the experiment, and only water was provided.
[bookmark: _Toc5446044][bookmark: _Toc14194279][bookmark: _Toc35244017][bookmark: _Toc75018528][bookmark: _Toc79407220][bookmark: _Toc79941941][bookmark: _Toc79942248][bookmark: _Toc79942555][bookmark: _Toc79942863]3.6.2 Evaluation of anti-ulcer efficacy of Mupal® and comparison with other drugs
[bookmark: _Ref10905444][bookmark: _Toc5378150][bookmark: _Ref5360069][bookmark: _Toc5446045][bookmark: _Toc35187617][bookmark: _Toc75019288][bookmark: _Toc79407331][bookmark: _Toc79941629][bookmark: _Toc79941942][bookmark: _Toc79942249][bookmark: _Toc79942556][bookmark: _Toc79942864]Table 3.2 Groups and type of treatment used in the evaluation of anti-ulcer efficacy of Mupal® and Omeprazole in experimental rats. 
	Group
	Treatment 

	Group 1
Negative Control
	5 ml of water

	Group 2
Positive Control
	5 ml Water plus 1 ml of 100% ethanol

	Group 3
	10 mg/kg omeprazole & 1 ml of 100% ethanol

	Group 4
	500 mg/kg Mupal® & 1 ml of 100% ethanol

	Group 5
	500 mg/kg Mupal®, 10 mg/kg omeprazole & 1 ml of 100% ethanol


[bookmark: _Toc35244018]Table 3.2 shows the five groups of animals and type of treatment 
[bookmark: _Toc75018529][bookmark: _Toc79941943][bookmark: _Toc79942250][bookmark: _Toc79942557][bookmark: _Toc79942865]3.6.2.1  Administration of the anti-ulcer drug-one day pretreatment
Table 3.2 summarises the various drugs that were administered and their dosages. Thirty minutes after administering the drugs, all rats, except those in group 1, were each gavage fed 1 ml 100 % v/v ethanol.  Two animals from each group were sacrificed by diethyl ether in desiccators one hour after ethanol administration and dissected. The stomachs were excised, opened along the greater curvature, rinsed gently under a slow running stream of tap water, and spread on clean, well-labeled Petri dishes with the inner mucosa facing upward. The number of ulcers on each specimen was determined using the naked eyes, magnifying glasses, and the dissecting microscope, and the data was recorded. The macroscopic photography of the lesions was done. The stomach and stomach contents were harvested for observation of the lesions and measurement of acidity, respectfully. 
[bookmark: _Toc14194280][bookmark: _Toc35244019][bookmark: _Toc75018530][bookmark: _Toc79407221][bookmark: _Toc79941944][bookmark: _Toc79942251][bookmark: _Toc79942558][bookmark: _Toc79942866]3.6.3: Determination of anti-ulcer efficacy of Mupal® preparations as compared to banana and omeprazole preparations 6 days experiment.
Eighty-four rats were randomly chosen and put in the experiment room to acclimatize for one week, during which food pellets and water was availed throughout. The experimental rats were observed throughout the acclimatization period and fasting period for any weakness and mortality. Then, food was withdrawn, and only water was left for them to starve for 24 hours before administering the drugs. The starved experimental rats were divided into 21 groups (A-U) of four same-sex rats except for Groups A and B, which acted as the normal and negative controls. 
[bookmark: _Toc14194281][bookmark: _Toc514831421][bookmark: _Toc35244020][bookmark: _Toc514830610][bookmark: _Toc75018531][bookmark: _Toc79941945][bookmark: _Toc79942252][bookmark: _Toc79942559][bookmark: _Toc79942867]3.6.3.1 Administration of anti-ulcer drug (omeprazole, Mupal®, and banana) for 6 days
Table 3.3 indicates the various drugs that were administered and their dosages. Thirty minutes after administering the drugs, all rats, except those in group A, were each gavage fed 1 ml 100 % v/v ethanol.  In groups A and B, the animals were sacrificed by diethyl ether in desiccators 1 hour after ethanol administration and dissected. The stomachs were excised, opened along the greater curvature, rinsed gently under a slow running stream of tap water, and spread on clean, well-labeled Petri dishes with the inner mucosa facing upward. The number of ulcers on each specimen was determined using the naked eyes, magnifying glasses, and the dissecting microscope, and the data was recorded. In addition, macroscopic photography of the lesions was done. 
[bookmark: _Toc35244021][bookmark: _Toc14194282][bookmark: _Toc75018532][bookmark: _Toc514830611][bookmark: _Toc514831422]The rest of the animals were returned to the cages, and dosing continued for six days. They were provided ad libitum with water and food. The stomach contents were collected on days 1 for groups A and B. For the remaining groups, the stomach contents were collected on day 6 to determine the acid level of the gastric juice of each stomach.


[bookmark: _Toc79941946][bookmark: _Toc79942253][bookmark: _Toc79942560][bookmark: _Toc79942868]3.6.3.2 Evaluation of efficacy of Mupal® preparation, omeprazole suspension and banana preparation in ethanol-induced rats
[bookmark: _Ref68155906][bookmark: _Toc75019289][bookmark: _Toc79407332][bookmark: _Toc79941634][bookmark: _Toc79941947][bookmark: _Toc79942254][bookmark: _Toc79942561][bookmark: _Toc79942869]Table 3.3  Administration of various doses of Mupal®, banana, and omeprazole of different groups in ethanol-induced ulcers
	[bookmark: _Toc514831423][bookmark: _Toc514830612]Group 
	Treatment 

	Group A Control
	Untreated, only 5 ml water given

	Group B
Negative Control
	5 ml water and 1 ml 100% ethanol

	Group C
Positive Control
	10 mg/kg Omeprazole & 1 ml of 100% ethanol

	Group D
Mupal® Methanol Extract
	50 mg/kg Mupal® & 1 ml of 100% ethanol

	Group E
Mupal® Methanol Extract
	100 mg/kg Mupal® & 1 ml of 100% ethanol

	Group F
Mupal® Methanol Extract
	200 mg/kg Mupal ® & 1 ml of 100% ethanol

	Group G
Mupal® Water Extract
	250 mg/kg Mupal ® & 1 ml of 100% ethanol

	Group H
Mupal® Water Extract  
	500 mg/kg Mupal ® & 1 ml of 100% ethanol

	Group I
Mupal® Water Extract  
	1000 mg/kg Mupal® & 1 ml of 100% ethanol

	Group J
Banana Methanol Extract
	50 mg/kg Banana & 1 ml of 100% ethanol

	Group K
Banana Methanol Extract 
	100 mg/kg Banana & 1 ml of 100% ethanol

	Group L
Banana Methanol Extract 
	200 mg/kg Banana & 1 ml of 100% ethanol

	Group M
Banana Water Extract 
	250 mg/kg Banana & 1 ml of 100% ethanol

	Group N
Banana Water Extract  
	500 mg/kg Banana & 1 ml of 100% ethanol

	Group O
Banana Water Extract  
	1000 mg/kg Banana & 1 ml of 100% ethanol

	Group P
Mupal® Powder Suspension
	250 mg/kg Mupal® & 1 ml of 100% ethanol

	Group Q
Mupal® Powder Suspension
	500 mg/kg Mupal® & 1 ml of 100% ethanol

	Group R
Mupal® Powder Suspension
	1000 mg/kg Mupal® & 1 ml of 100% ethanol

	Group S
Banana Powder Suspension
	250 mg/kg Banana & 1 ml of 100% ethanol

	Group T
Banana Powder Suspension
	500 mg/kg Banana & 1 ml of 100% ethanol

	Group U
Banana Powder Suspension
	1000 mg/kg Banana & 1 ml of 100% ethanol


[bookmark: _Toc14194283][bookmark: _Toc35244022][bookmark: _Toc75018533]
[bookmark: _Toc79407222][bookmark: _Toc79941948][bookmark: _Toc79942255][bookmark: _Toc79942562][bookmark: _Toc79942870]3.6.4 Scoring of ulcers
Scoring of ulcers was made according to the ulcer index method used by (Raju et al., 2009) where;
[bookmark: _Hlk34296594]0 -	Normal stomach
0.5 -	red coloration
1 -	Spot ulcers
1.5 -	Hemorrhagic streak
2 -	Ulcers
3 -	Perforation
The ulcer index (UI) was obtained from the sum of the scores of all the lesions for each stomach, and the mean UI was calculated for each group.  The percentage of ulcer protection (Patil et al., 2010) was determined by;
 P 
[bookmark: _Toc465686946][bookmark: _Toc514831424][bookmark: _Toc514830613][bookmark: _Toc14194284][bookmark: _Toc35244023][bookmark: _Toc75018534][bookmark: _Toc79407223][bookmark: _Toc79941949][bookmark: _Toc79942256][bookmark: _Toc79942563][bookmark: _Toc79942871]3.6.5 Determination of acidity of gastric secretions from rat stomach
One milliliter of gastric secretion was pipetted into a beaker, and two drops of Congo red indicator were added. This was titrated with 0.1 M sodium hydroxide until a red endpoint. The volume of sodium hydroxide was noted, which corresponded to the free acid. Two drops of phenol red indicator were added, and the titration continued with sodium hydroxide until a yellow endpoint. The total volume of Sodium hydroxide was noted, and this corresponded to total acidity. The amount of total and free acid was calculated using the formula illustrated below. -
 

(Note that though the formula is the same, the volume of NaOH used was different because the researcher used two different endpoints. The gastric juice contains free HCL (Free acidity) and HCL bound with acidic proteins, other components of gastric juice. Thus, the total acidity is the sum of free acidity and bonded acidity).


Schematic representation of anti-gastric ulcer efficacy of Omeprazole, Mupal®, and Omeprazole/Mupal combination (Adopted from Ode and Isuzu 2011)

Total number of rats (n=20)



Deprivation of foods 24 hours before the start of the experiment


Group-2
Positive Control
5 ml Water plus 1 ml of 100% Ethanol
Group-5
Mupal®, Omeprazole & 1 ml of 100% Ethanol
Group-4
500mg/kg Mupal® & 1 ml of 100% Ethanol
Group-1
Negative Control
5 ml of water
Group-3
10 mg/kg Omeprazole & 1 ml of 100% Ethanol



Sacrifice of animals after 1 hour

Determination of formation of ulcers, number of lesions, %protection acidity, Morphology, and histopathology

[bookmark: _Toc79407368][bookmark: _Toc79941637][bookmark: _Toc79941950][bookmark: _Toc79942257][bookmark: _Toc79942564][bookmark: _Toc79942872]Figure 3.3:  The one-day pretreatment method used to assess the anti-ulcer activity of Mupal® suspension as compared to omeprazole (standard drug).



Schematic representation of the anti-ulcer activity of Omeprazole, Mupal® and Banana preparations (Adopted from Ode and Isuzu 2011)

Total number of rats (n=84)

Deprivation of foods 24 hours before the start of the experiment

Group –
J, K, L, M, N, O, S,T,U
Banana preparations & 1 ml of 100% Ethanol
Group – 
D, E, F, G, H, I, P, Q, R
Mupal® preparations & 1 ml of 100% Ethanol
Group-C
10 mg/kg Omeprazole & 1 ml of 100% Ethanol
Group-A
Not treated
Group-B
Water and 1ml of 100% ethanol



Sacrifice of animals in group A and B after 1 hour, rest of the animals sacrificed on day 6

Determination of formation of ulcers, number of lesions, %protection acidity, Morphology, and histopathology

[bookmark: _Toc75019343][bookmark: _Toc79407369][bookmark: _Toc79941638][bookmark: _Toc79941951][bookmark: _Toc79942258][bookmark: _Toc79942565][bookmark: _Toc79942873][bookmark: _Toc14194285][bookmark: _Toc35244024][bookmark: _Toc514831425][bookmark: _Toc514830614]Figure 3.4: The 6-day treatment method used to assess the anti-ulcer activity of Mupal® suspension as compared to Banana and Omeprazole (standard drug).
 

[bookmark: _Toc75018535][bookmark: _Toc79407224][bookmark: _Toc79941952][bookmark: _Toc79942259][bookmark: _Toc79942566][bookmark: _Toc79942874]3.7 Investigation of the toxicity of Mupal® extracts using rats.
[bookmark: _Toc35244026][bookmark: _Toc79941953][bookmark: _Toc79942260][bookmark: _Toc79942567][bookmark: _Toc79942875]3.7.1 Determination of LD50
The dose range was based on Acute Toxic Class Method as elaborated in the OECD 423 of 2001 guidelines. This involved administering single doses of Mupal® at 250, 500, 1000, and 2000 mg/kg body weight of the Mupal® suspension. The procedure involved a random selection of fifteen healthy rats grouped into five sets of three per group. Animals were observed individually after dosing at least once during the first 30 minutes, then 1,2,3,4,5, and finally after 24 hrs, daily after that, for a total of 14 days. The animals were observed for changes in the skin, fur eyes, mucous membrane, respiratory, circulatory, autonomic, or CNS changes. The mortality for each group was recorded for the first 24 hrs, and LD50 (24 hrs) was determined following OECD guidelines (OECD 423). Clinical observations were made to determine both NOAEL and LOAEL. The acute methodology as described in section 3.7.2) was followed after that.
[bookmark: _Toc35244027][bookmark: _Toc79941954][bookmark: _Toc79942261][bookmark: _Toc79942568][bookmark: _Toc79942876]3.7.1.1 Gross Pathology
All animals that died were subjected to gross necropsy, and pathological changes were noted. All the animals that survived to the end of the experiment were euthanized for autopsy. The brain, liver, spleen, stomach, intestines, thymus, kidneys were preserved in 10% buffered formalin solution for histopathology.
[bookmark: _Toc35244028][bookmark: _Toc79941955][bookmark: _Toc79942262][bookmark: _Toc79942569][bookmark: _Toc79942877]3.7.1.2 Histopathology
Standard histopathological procedures (Appendix 7) were applied. In addition, the microscopic examination was carried out for the organs.
Schematic representation of the method of Determination of LD50, Acute toxic class method, OEC guideline 423
 Total number of rats (n=15)


Deprivation of foods 24 hours before the start of the experiment 



Group-D
1000 mg/kg Mupal® suspension 
Group-C
500 mg/kg Mupal® suspension 
Group-E
2000 mg/kg Mupal® suspension 
Group-A
Control, water only 
Group-B
250 mg/kg Mupal® suspension 


Three rats were selected and administered with the Mupal® (starting from the lowest dose). 
Observed after 30 min, 1, 2, 3, 4, 5 hours than after 24 hours. Then daily for 14 days.
Clinical observations made, histopathological studies 


[bookmark: _Toc75019345][bookmark: _Toc79407370]Figure 3.5: Shows the procedure for Determination of LD50, of Mupal® suspensionOn the 14th day, animals weighed, sacrificed, the weight of organs measured.
Gross pathology and histopathology of organs done. LD50 determined 

[bookmark: _Toc14194286][bookmark: _Toc35244025][bookmark: _Toc75018536][bookmark: _Toc79407225][bookmark: _Toc79941957][bookmark: _Toc79942264][bookmark: _Toc79942571][bookmark: _Toc79942879]3.7.2 Investigation of acute toxicity of Mupal® powder.
Acute toxicity was determined using the method described by Costa et al (2011). Three single dose levels of Mupal® powder were used: 62.5 mg/kg, 250 mg/kg, and 1000 mg/kg body weight chosen empirically, as per established guidelines. Twenty-four healthy rats were randomly selected and were grouped into four sets of five rats per group of 2 males and three females. Each group had an extra female rat in case of death or weakness during the entire time of the study. The females have been known to be stronger in experimental procedures and therefore recommended (OEC 423,2001guidelines). The animals were then caged per dose level.
Before drug dosing, the feed was withheld from the experimental animals the night before to avoid food and drug absorption interference. An appropriate aliquot of Mupal® powder was sieved using a 180 µm sieve to produce a fine powder suspended in distilled water to give 0.4 g/ml suspension, which was enough for all the animals.  Group A was the control while groups B, C, and D were the test groups that were treated with various doses of the Mupal® suspension. Rodent feed and water were made available every day at 2 pm after the administration of the Mupal® drug and distilled water every morning at 9 am. The remaining rodent feed was weighed every following morning to determine the amount of feed that rats had consumed in each group. 
The weights of the rats were monitored twice per week, and the doses of the drug were calculated every week as per the new weights. Various signs and symptoms of toxicity, including behavioral, neurological, autonomic, or death, were noted every day during the 14 days.
On the 14th day, the rats were weighed and sacrificed using diethyl ether in a desiccator for necropsy and gross lesions were recorded. Various organs, including the stomach, duodenum, small intestines, liver, kidneys, heart, lungs, spleen, and brain, were weighed. Representative samples of the organs named above were taken and preserved in 10% neutral buffered formalin. Formalin-fixed tissues were processed for histopathology using standard procedures (Slaoui et al., 2011) and examined under a light microscope, and the results were tabulated. 
Schematic representation of the method of Acute toxicity (modified by Costa et al., 2011) Total number of rats (n=24)
Deprivation of foods 24 hours before the start of the experiment
Group-A
Control, water only
Group-B
62.5 mg/kg Mupal® suspension
Group-C
250 mg/kg Mupal® suspension
Group-D
1000 mg/kg Mupal® suspension
Rats fed daily and food consumed monitored.
 Weights monitored, signs and symptoms of toxicity monitored for 14 days. 
On the 14th day, animals were sacrificed, the weight of animals and organs measured.
Gross pathology and histopathology were done. 

[bookmark: _Toc75019344][bookmark: _Toc79407371][bookmark: _Toc79941645][bookmark: _Toc79941958][bookmark: _Toc79942265][bookmark: _Toc79942572][bookmark: _Toc79942880]Figure 3.6: Shows the procedure for assessing acute toxicity of Mupal® suspension.
[bookmark: _Toc514830616][bookmark: _Toc514831427][bookmark: _Toc14194287][bookmark: _Toc35244029][bookmark: _Toc75018537][bookmark: _Toc79407226][bookmark: _Toc79941959][bookmark: _Toc79942266][bookmark: _Toc79942573][bookmark: _Toc79942881]3.7.3 Investigation of sub-acute toxicity of Mupal® Powder.
The experimental protocol was adopted from a sub-acute toxicity study according to OECD guidelines no 407. Four groups of 8 (4 males, four females) rats were submitted to a conditioned food schedule, in which food and water were available between 9:00 am and 3:00 pm. The experimental tests were the control (water) and three doses of Mupal® suspension (250, 500, and 1000 mg/kg), given orally. All animals were weighed on the first day at 8:00 am, and 1 hour later, each group received its treatment (according to the assigned dosage). The rats fasted from 3:00 pm until 7:00 am of the following day when food was provided.  The control group (0 mg/kg) and the highest dose level (1000 mg/kg) were included in the reversal group of 2 males, two female rats. These were done to assess the reversal of the toxicity signs after the initial study period of 28 days. To determine their toxicity, the rats were sacrificed on day 15 and day 29, after 14 days and 28 days of drug administration. The two reversal groups, i.e., the control group and the 1000 mg/kg dose reversal group, were left without dosing for the next ten days and then sacrificed to assess any chronic toxicity signs.
The procedure then meant that for the next 28 days, the rats were administered the test drug according to the assigned doses daily at 8 am, after which feed and water were made available between 9 am and 3 pm, and the feed was withdrawn the following day at 9 am again. In addition, the weight of the rats was monitored once weekly for the next 28 days, and if there were weight changes, the new volumes of drugs to be given for each rat were calculated.
The toxicity signs and symptoms were monitored for each rat daily for diarrhea, vomiting, mobility mortality, or any other abnormality. The results were recorded during the whole period of the experiment. 
Food consumption for each group of rats per dose was monitored every day, 300 g of rodent feed was given for each cage, and the following day, whatever feed remained was weighed to record how much the rats in each cage had consumed, then the feed was replenished to 300 g again. 
On sacrificial days 15, 29, and 39 (for the effects reversal group (1,000 mg/kg and control), the rats were bled through the orbital sinus to obtain blood samples for end-point hematological and biochemistry tests. The hematological parameters were determined using the Haematology-CELL-DYN3700 analyzer, while the biochemical tests were done using Biochemistry-MINDRAY BS 400 analyzer. The rats were then sacrificed, for necropsy and representative samples taken from the liver, kidney, stomach, duodenum, spleen, small intestine, lungs, brain, and heart were preserved in 10% neutral buffered formalin for histological studies. 


Schematic representation of the method of Sub-acute toxicity (done as per OECD guidelines no 407)
 Total number of rats (n=32)


Deprivation of foods 24 hours before the start of the experiment


Group-A
Control, water only
Group-B
250 mg/kg Mupal® suspension 
Group-C
500 mg/kg Mupal® suspension
Group-D
1000 mg/kg Mupal® suspension




Rats fed daily and food consumed monitored.
 Weights monitored, signs and symptoms of toxicity monitored for 28 days. 
Drugs stopped for ten days for rats on 1000 mg/kg (reversal group). 



On the 15th, 29th, and 39th-day, animals were weighed, sacrificed, the weight of organs measured.
Blood samples were obtained for hematological and biochemistry tests.
Gross pathology and histopathology of organs done. 




[bookmark: _Toc75019346][bookmark: _Toc79407372][bookmark: _Toc79941647][bookmark: _Toc79941960][bookmark: _Toc79942267][bookmark: _Toc79942574][bookmark: _Toc79942882]Figure 3.7: Shows the procedure for assessing sub-acute toxicity of Mupal® suspension.




[bookmark: _Toc14194288][bookmark: _Toc35244030][bookmark: _Toc75018538][bookmark: _Toc79407227][bookmark: _Toc79941961][bookmark: _Toc79942268][bookmark: _Toc79942575][bookmark: _Toc79942883][bookmark: _Toc514830617][bookmark: _Toc514831428]3.8 Investigation of the in vitro effects of Mupal® extracts against H. pylori
[bookmark: _Toc35244031][bookmark: _Toc14194289][bookmark: _Toc75018539][bookmark: _Toc79407228][bookmark: _Toc79941962][bookmark: _Toc79942269][bookmark: _Toc79942576][bookmark: _Toc79942884]3.8.1 In vitro study of Mupal® on H. pylori
Strains of H. pylori were obtained from human gastric biopsies taken by endoscopy. They were transported in the brain-heart infusion broth supplemented with 20% glucose and sent to the Kenya medical research institute laboratory at the center for microbiology research (CMR) to be cultured.
[bookmark: _Toc75018540][bookmark: _Toc79407229][bookmark: _Toc79941963][bookmark: _Toc79942270][bookmark: _Toc79942577][bookmark: _Toc79942885]3.8.2 Cultivation of culture
Initial cultivation of the bacteria was done on both Colombia blood agar and Brain-heart infusion agar with added nutritional supplements and blood. The strains were stored at –80°C in the brain–heart infusion broth. The pH was maintained at 7. This pH was chosen because it represented most closely the pH at the apices of gastric epithelial cells. 
[bookmark: _Toc75018541][bookmark: _Toc79407230][bookmark: _Toc79941964][bookmark: _Toc79942271][bookmark: _Toc79942578][bookmark: _Toc79942886]3.8.3 Incubation
A microaerophilic atmosphere was used to culture the bacteria, with oxygen at 5%,7% carbon dioxide, 0–85% H2, and 0–85% N2 at 37°C for four days.
[bookmark: _Toc79407231][bookmark: _Toc79941965][bookmark: _Toc79942272][bookmark: _Toc79942579][bookmark: _Toc79942887]3.8.4 Identification
The identification was made by colony morphology catalase test, urease and oxidase activity, .and gram stain. For the catalase test, an inoculum of H. pylori was mixed with a drop of 3% H2O2. The presence of oxygen bubbles confirmed the presence of the catalase-producing bacteria. 
For the urease test, Christensen's urea agar was suspended in 900 ml of distilled water. It was boiled to dissolve completely and autoclaved at 121ºC and 15 Psi for 15 minutes. Next, the agar was cooled to 50 to 55ºC. Then, aseptically 100 ml of filter-sterilized urea base was added to the cooled agar solution and mixed thoroughly.  Four to 5 ml of the liquid was put in the sterile tube (13 x 100 mm) and distributed. The tubes were slanted during cooling until solidified. The prepared media had a yellow-orange color.  It was stored in the refrigerator at 4 to 8ºC until needed. 
A heavy inoculum was used from an 18 to 24-hour pure culture to streak the entire slant surface.  The butt served as color control. The tubes were incubated with loosened caps at 35ºC. The slant was observed for a color change at 6 hours, 24 hours, and every day for up to 6 days. Urease production was indicated by a bright pink (fuchsia) color on the slant.
[bookmark: _Toc14194291][bookmark: _Toc35244033]For Gram stain, thin smear on a glass slide was prepared, air-dried and heat- fixed. This was then followed by flooding with crystal violet for 1 minute and rinsed in water.  Flooding with lugols iodine and rinsing with water followed. After decolorization with acetone and rinsing with water, it was then counterstained with safranin, rinsed with water, and air-dried. The observation was then made under oil immersion for gram-negative bacteria.
[bookmark: _Toc14194292][bookmark: _Toc35244034][bookmark: _Toc75018543][bookmark: _Toc79407232][bookmark: _Toc79941966][bookmark: _Toc79942273][bookmark: _Toc79942580][bookmark: _Toc79942888]3.8.5 Assay procedure
Methanol, Ethanol, and chloroform extracts of Mupal® powder were prepared using standard procedures of sequential extraction. 
[bookmark: _Toc465686947][bookmark: _Toc514830618][bookmark: _Toc514831429]Then 1 g of each extract was weighed and dissolved in 1000 µl (1 ml) of DMSO.  A 0.5 Mac Farlad suspension of H. pylori was made. Using a sterile swab, the H. pylori was seeded onto the agar media. Then sterile paper discs (6 mm in diameter) with 10 µl and 50 µl of the respective extracts were impregnated. The discs were placed in triplicates at an equidistance on the Petri dish. Negative and positive controls were used (DMSO, clarithromycin, amoxicillin, and omeprazole). Incubation at 420C under CO2 (Microaerophilic) for 48 hours was carried out. The zones of inhibition were measured and compared with the standards. For active extracts, serial dilutions using DMSO were made. The Assays were repeated in triplicates, and readings were taken.
[bookmark: _Toc35244035][bookmark: _Toc14194293][bookmark: _Toc75018544][bookmark: _Toc79407233][bookmark: _Toc79941967][bookmark: _Toc79942274][bookmark: _Toc79942581][bookmark: _Toc79942889]3.9 Establishment of some quality control parameters of Mupal®.
[bookmark: _Toc14194294][bookmark: _Toc35244036][bookmark: _Toc75018545][bookmark: _Toc79407234][bookmark: _Toc79941968][bookmark: _Toc79942275][bookmark: _Toc79942582][bookmark: _Toc79942890]3.9.1 Quality Control Parameters of Mupal®
[bookmark: _Hlk37048749]The pharmaceutical parameters of Mupal® powder were determined according to Africa pharmacopeia vol 2, 1st ed, General methods of Analysis, AOU Scientific Technical & Research Commission, Lagos Nigeria 1986, Chinese Pharmacopeia and WHO (2010) for powdered herbal drugs Microscopic features particle size, Thin Layer Chromatography (TLC), HPTLC Densitometry, FTIR-ATR, X-Ray Fluorescence Analysis loss on drying, organoleptic properties, and extractive values was carried out as part of the identification.
[bookmark: _Toc14194295][bookmark: _Toc35244037][bookmark: _Toc75018546][bookmark: _Toc79407235][bookmark: _Toc79941969][bookmark: _Toc79942276][bookmark: _Toc79942583][bookmark: _Toc79942891]3.9.2 Particle size determination
Six sieves were used simultaneously to determine the fineness of Mupal® and banana powders. This was carried out in triplicates. The percentage of the remaining weight was recorded from the respective sieves.
[bookmark: _Toc14194296][bookmark: _Toc35244038][bookmark: _Toc75018547][bookmark: _Toc79407236][bookmark: _Toc79941970][bookmark: _Toc79942277][bookmark: _Toc79942584][bookmark: _Toc79942892][bookmark: _Toc514830619][bookmark: _Toc514831430]3.10 Thin layer chromatography 
The sample application was made using capillary tubes on silica gel 60 pre-coated plates. The spotted plates were developed in the chromatographic chamber using CHCL3: methanol; 90:10 and visualized by short and long UV iodine vapor. The documentation was by the image of the chromatogram taken by phone camera. 
[bookmark: _Toc35244039][bookmark: _Toc14194297][bookmark: _Toc75018548][bookmark: _Toc79407237][bookmark: _Toc79941971][bookmark: _Toc79942278][bookmark: _Toc79942585][bookmark: _Toc79942893]3.11 Phytochemical Tests 
Phytochemical tests were carried out according to standard methods. The following tests were carried out;
Test for Alkaloids. Three milliliters of aqueous extract were added to 3 ml of 10% HCl on a steam bath. Mayer and Hager's reagent was then added to extract. Turbidity of the resulting precipitate and yellow coloration was taken as evidence for the presence of alkaloids.
Test for Tannins –ferric chloride test. Two ml of the aqueous extract was stirred with 3 ml of distilled water, and a few drops of FeCl3 solution were added. The formation of green color precipitate was an indication of the presence of tannins. 
Test for Saponins – foam test. Three ml of aqueous extract was shaken vigorously with an equal volume of distilled water in a test tube and warmed. The formation of stable foam persisting for about 5-10 minutes was taken to indicate the presence of saponins. 
Test for Flavonoids – lead acetate test. To 3 ml of methanolic extract, 1ml of 10% lead, acetate solution was added. The formation of a yellow precipitate was taken as a positive result for flavonoids. 
Test for Anthraquinones- 0.5g of the methanolic extract was shaken with 10 ml of benzene and filtered. In addition, 5ml of 10% ammonia is added to the filtrate. The mixture was shaken, and pink, red, or violet color indicated the presence of anthraquinones.
Determination of foaming index
1 gm of the plant powder was weighed and transferred to a 500 ml conical flask containing 100 ml of boiling water.  This was maintained at moderate boiling for 30 minutes. It was cooled and filtered into a 100 ml volumetric flask, and sufficient water was added through the filter to dilute to volume.  The tubes were stoppered and shaken in a lengthwise motion for 15 seconds. They were allowed to stand for 15 minutes, and the height of the foam was measured. A standard formula was used to get the foaming index.
[bookmark: _Hlk36730002]Determination of water content
10 g of the powder was placed in a tared evaporating dish. It was dried at 105º for over 4 hours, to a constant weight. Measurements were recorded.
Determination of extractable matter.
Four gms powdered material was placed in a conical flask, and water was added then weighed. Shaking was done then allowed to stand for 1hr.  Reflux was attached, then cooled and boiled for 1hr.   The original weight was readjusted with solvent then followed by shaking and filtration. The filtrate was transferred to a flat-bottomed disk and evaporated to dryness on a water bath. It was dried at 105˚ c for 6hrs, cooled, and weighed immediately.  The content of extractable matter was calculated in mg per g of air-dried material. 
[bookmark: _Toc79407238][bookmark: _Toc79941972][bookmark: _Toc79942279][bookmark: _Toc79942586][bookmark: _Toc79942894]3.12 Spectroscopic Analysis
[bookmark: _Toc79407239][bookmark: _Toc79941973][bookmark: _Toc79942280][bookmark: _Toc79942587][bookmark: _Toc79942895]3.12.1 X-Ray Fluorescence Analysis
Sample preparation
The plant sample was dried and finely ground into powder.
Sample mounting
The plant powder was put into polypropylene sample cups with 4µm prolene at the base of the sample cups. No vacuum conditions were used (i.e., The sample was analyzed in ambient air conditions).
Data processing
Data were processed in the Bruker Artax software. The K α lines of the selected essential elements were used to process the counts.
The instrument used was SI Titan while the analysis conditions utilized Spectrometric scan mode. The XRF generator was a 50-kV voltage with a current of 35 µA and an acquisition time of 20 seconds
[bookmark: _Toc79407240][bookmark: _Toc79941974][bookmark: _Toc79942281][bookmark: _Toc79942588][bookmark: _Toc79942896]3.12.2 HPTLC Densitometry
The instrument used was a Biostep CD60 and a Multi-wavelength scan from 200 – 600 nm was used the solvent system used was Chloroform: Methanol (90:10). The TLC plate used was Silica Gel 60, F254.

Methodology
Both methanolic and ethyl acetate extracts were applied to the TLC plate. Only 2 µL of each extract was used. The development tank was first saturated with the solvent system before the development of the TLC plate. 
[bookmark: _Toc79407241][bookmark: _Toc79941975][bookmark: _Toc79942282][bookmark: _Toc79942589][bookmark: _Toc79942897]3.12.3 FTIR-ATR
Instrumentation
The Instrument used was Shimadzu while analysis was done in ATR (Attenuated Total Reflectance) mode. The ATR crystal is comprised of the diamond.
Methodology
Semi-purified DCM and hexane extracts of the plant were analyzed using FTIR. A small amount of sample was mounted on the ATR crystal and clamped with a flat-bottomed sample holder. IR light was used.
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The data were analyzed by the use of SPSS Version 22.0 and R GUI 3.4.4. The results were expressed as mean + SE. The results were analyzed for statistical significance P<0.05 by one-way ANOVA followed by Tukey post hoc test. 
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Experiments were performed following the current guidelines for the care of laboratory animals (WHO, 1993). Permission to carry out the research was granted by Kenyatta university's graduate school. 
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[bookmark: _Toc75018556][bookmark: _Toc79407249][bookmark: _Toc79941979][bookmark: _Toc79942286][bookmark: _Toc79942593][bookmark: _Toc79942901]4.1 Preliminary investigation of ethanol and indomethacin-induced ulceration of rats 
[bookmark: _Toc75018557][bookmark: _Toc79407250][bookmark: _Toc79941980][bookmark: _Toc79942287][bookmark: _Toc79942594][bookmark: _Toc79942902]4.1.1 Preliminary investigation of ethanol-induced ulceration 
Administration of ethanol via the oral route after 48 hours of fasting was found to cause ulcers on the rats' gastric mucosa with different severity depending on the strength of the ethanol used. This observation was made within a period of 30 minutes to one hour after administration. The use of 1 ml of 100% ethanol produced the deepest ulceration.
[bookmark: _Toc75018558][bookmark: _Toc79407251][bookmark: _Toc79941981][bookmark: _Toc79942288][bookmark: _Toc79942595][bookmark: _Toc79942903]4.1.2 Preliminary investigation of indomethacin-induced ulceration 
Administration of indomethacin, 60, 80,100 mg/kg via the oral route, caused gastric ulceration in rats within 6 hrs. Two doses of Indomethacin 60 mg/kg and 100 mg/kg given to the rats produced gastric ulcers.  
[bookmark: _Toc75018559][bookmark: _Toc79407252][bookmark: _Toc79941982][bookmark: _Toc79942289][bookmark: _Toc79942596][bookmark: _Toc79942904]4.1.3 Conclusion on the ulcer induction model
The use of both ethanol and indomethacin can induce gastric ulcers in rats. However, 1 ml, 100% ethanol produced much more pronounced ulceration within a reasonable period and was therefore used in this study.
[bookmark: _Toc75018560][bookmark: _Toc79407253][bookmark: _Toc79941983][bookmark: _Toc79942290][bookmark: _Toc79942597][bookmark: _Toc79942905][bookmark: _Hlk34299836][bookmark: _Hlk34288528]4.2 Results of anti-ulcer activity of Mupal® relative to omeprazole 
Table 4.1 below summarizes the results of effects of Mupal® and the standard drug omeprazole, and their combinations on ethanol-induced gastric ulcers relative negative control (distilled water). 
The data is based on the number of ulcerated lesions and using the key below, a score was given.
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	Groups
	Rat No.
	Sex
	Dosage
	Naked Eye
	Magnifying
Glass
	Dissection
Microscope
	Remark

	Negative
Control
	1
	Male
	5 ml Water only
	0
	0
	0
	Normal mucosa

	
	2
	Male
	5 ml Water only
	1
	1
	1
	Spot ulcer

	
	3
	Female
	5 ml Water only
	0
	0
	0
	Normal mucosa

	
	4
	Female
	5 ml Water only
	0
	0
	0
	Normal mucosa

	Positive
Control
	5
	Male
	5 ml water + 1 ml 100% Ethanol
	1
	1
	1
	Spot ulcers

	
	6
	Male
	5 ml water + 1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	7
	Female
	5 ml water + 1 ml 100% Ethanol
	0.5
	0.5
	0.5
	Ecchymotic
hemorrhage

	
	8
	Female
	5 ml water + 1 ml 100% Ethanol
	1.5
	1.5
	1.5
	Hemorrhagic
streak

	Standard
Drug
10mg/kg
Omeprazole
	9
	Male
	Omeprazole +
1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	10
	Male
	Omeprazole +
1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	11
	Female
	Omeprazole +
1 ml 100% Ethanol
	1.5
	1.5
	1.5
	Hemorrhagic
streak

	
	12
	Female
	Omeprazole +
1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	Test
Drug
500 mg/kg
Mupal®
Suspension
	13
	Male
	Mupal® + 1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	14
	Male
	Mupal® + 1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	15
	Female
	Mupal® + 1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	16
	Female
	Mupal® + 1 ml 100% Ethanol
	1
	1
	1
	Spot ulcers

	Standard drug, Omeprazole (10mg/kg
Test
Drug Mupal®
Suspension (500mg/kg
	17
	Male
	Standard drug + Test drug +
1 ml 100% Ethanol
	0.5
	0.5
	0.5
	Ecchymotic
hemorrhage

	
	18
	Male
	Standard drug + Test drug +
1 ml 100% Ethanol
	2
	2
	2
	Ulcers

	
	19
	Female
	Standard drug + Test drug +
1 ml 100% Ethanol
	1.5
	1.5
	1.5
	Hemorrhagic
Streak

	
	20
	Female
	Standard drug + Test drug +
1 ml 100% Ethanol
	1.5
	1.5
	1.5
	Hemorrhagic
streak


Sample size, n=20  
Key: 0 -Normal stomach, 0.5 -Red coloration, 1 - Spot ulcers, 1.5 - Hemorrhagic streak, 
2 -Ulcers, Standard drug (STD) – omeprazole, Test drug – Mupal® suspension
Table 4.1 shows the effect on ethanol-induced ulcers in rats after administration of Mupal® 500mg/kg, Omeprazole 10 mg/kg, and Omeprazole/ Mupal® combinations compared to the positive control of 1 ml, 100% ethanol, and negative control, 5 ml distilled water.  The lesions were observed under the naked eye, magnifying glass, and dissection microscope. The results indicate that ethanol caused ulceration to varying extent in the experimental animals. 
[bookmark: _Toc75018561][bookmark: _Toc79407254][bookmark: _Toc79941985][bookmark: _Toc79942292][bookmark: _Toc79942599][bookmark: _Toc79942907]4.2.1 Analysis of the anti-ulcer activity of Mupal® relative to omeprazole -one-day pretreatment.
[bookmark: _Ref68677666][bookmark: _Toc35187619][bookmark: _Toc75099497][bookmark: _Toc79407334][bookmark: _Toc79941673][bookmark: _Toc79941986][bookmark: _Toc79942293][bookmark: _Toc79942600][bookmark: _Toc79942908][bookmark: _Hlk5313117]Table 4.2: Analysis of mean values (ulcer scores) of ethanol-induced ulcers recorded
	Treatment
	Naked eyes Mean±SE
	Magnifying glass Mean±SE
	Dissection microscope Mean±SE

	Normal (5 mL water) Untreated
	0.25±0.16a
	0.25±0.16a
	0.25±0.16a

	5 mL water+1 ml Ethanol (positive control)
	1.25±0.21b
	1.25±0.21b
	1.25±0.21b

	10 mg/kg, Omeprazole +1 ml, 100%Ethanol
	1.88±0.08b
	1.88±0.08b
	1.88±0.08b

	500 mg/kg, Mupal® +1 ml, 100% Ethanol
	1.75±0.16b
	1.75±0.16b
	1.86±0.14b

	Omeprazole + Mupal® +1 ml, 100% Ethanol
	1.38±0.21b
	1.38±0.21b
	1.38±0.31b


Mean values with the same superscript do not differ significantly (ANOVA, α = 0.05, n=20, SNK-test) P<0.001
Table 4.2 shows the analysis of the effect of Mupal® 500mg/kg, Omeprazole 10 mg/kg, and Omeprazole/ Mupal® combinations compared to negative control of 1 ml, 100% ethanol, and untreated (5 ml distilled water).  The lesions were observed with the naked eye, magnifying glass, and dissection microscope. The results reveal no significant differences between Mupal® and Omeprazole compared to the positive control. This implies that on one day of treatment, there was no effect on ulceration with the standard drug or the test drug. 
[bookmark: _Toc68737408][bookmark: _Toc68737409][bookmark: _Toc68737410][bookmark: _Toc68737411][bookmark: _Toc35244047][bookmark: _Toc75018562][bookmark: _Toc79407255][bookmark: _Toc79941987][bookmark: _Toc79942294][bookmark: _Toc79942601][bookmark: _Toc79942909][bookmark: _Toc14194305]4.2.2 Comparison between Mupal®, banana preparations and omeprazole suspension in ethanol-induced ulcers in rats on the 6-day treatment 
Table 4.3 shows the effect of ethanol on the mucosa of the rats on day 1. Ethanol caused ulcers that were visualized using the naked eye, magnifying glass, and a dissecting microscope was made.
[bookmark: _Ref68087086][bookmark: _Toc8056647][bookmark: _Toc14194366][bookmark: _Toc35187620][bookmark: _Toc75099498][bookmark: _Toc79407335][bookmark: _Toc79941675][bookmark: _Toc79941988][bookmark: _Toc79942295][bookmark: _Toc79942602][bookmark: _Toc79942910]Table 4.3: Observation and recording of the ulcer scores after induction with I ml 100% ethanol on the mucosa of the rats on day 1
	Group
	Rat no.
	weight (gms)
	Treatment
	Ulcer score
	Comment

	A
Negative Control
	1
	182
	5 ml water
	0
	normal mucosa

	
	2
	146
	5 ml water
	0
	normal mucosa

	
	3
	184
	5 ml water
	0
	normal mucosa

	
	4
	174
	5 ml water
	0
	normal mucosa

	B
Positive Control
	1
	98
	1 ml, 100 % ethanol
	2
	Corrosive ulcers

	
	3
	150
	1 ml, 100 % ethanol
	2
	Corrosive ulcers

	
	4
	144
	1 ml, 100 % ethanol
	2
	Corrosive ulcers

	
	8
	158
	1 ml, 100 % ethanol
	2
	Corrosive ulcers



Sample size, n-84
Effect on the mucosa of the rat after the administration of 5 ml water (untreated) and 5 ml Water & 1 ml 100% Ethanol. The lesions were observed under the naked eye, magnifying glass, and dissection microscope. The ethanol-treated rats revealed corrosive ulcers in their mucosa.
[bookmark: _Ref68730923][bookmark: _Ref75085304][bookmark: _Toc75099499][bookmark: _Toc79407336][bookmark: _Toc79941676][bookmark: _Toc79941989][bookmark: _Toc79942296][bookmark: _Toc79942603][bookmark: _Toc79942911]Table 4.4. Observation and recording of the ulcer scores after treatment with Mupal®, Omeprazole, Banana extracts, and suspensions for 6-days. 
	Group
	Rat No.
	Sex
	Weight (gm)
	Treatment
	Ulcer Score
	Comment

	A
	5
	F
	168
	5 ml water (untreated)
	0
	Normal stomach mucosa

	
	6
	F
	186
	
	0
	Normal stomach mucosa

	
	7
	F
	144
	
	0
	Normal stomach mucosa

	
	8
	F
	194
	
	0
	Normal stomach mucosa

	B
	2
	F
	146
	5ml Water + 1 ml 100% Ethanol (positive control)
	1
	Spot ulcers

	
	5
	F
	198
	
	1
	Spot ulcers

	
	6
	F
	176
	
	1
	Spot ulcers

	C

	1
	F
	222
	10mg/Kg Omeprazole
	0.5
	Red coloration

	
	2
	F
	190
	
	0.5
	Red coloration

	
	3
	F
	172
	
	0.5/1
	Red coloration/spot ulcers

	
	4
	F
	140
	
	0.5
	Red coloration

	D

	1
	F
	146
	50 mg/Kg Mupal® Methanol Extract
	1
	Spot ulcers

	
	2
	F
	150
	
	2
	Ulcers

	
	4
	F
	118
	
	2
	Ulcers

	E
	1
	F
	156
	100 mg/Kg Mupal® Methanol Extract
	1
	Spot ulcers

	
	2
	F
	212
	
	1/0.5
	Spot ulcers/red colouration

	
	3
	F
	184
	
	1
	Spot ulcers

	F
	1
	F
	200
	200 mg/Kg Mupal® Methanol Extract
	0.5
	Red coloration

	
	2
	F
	164
	
	0.5
	Red coloration

	
	3
	F
	164
	
	0.5
	Red coloration

	G
	1
	F
	114
	250 mg/Kg Mupal® Water Extract
	2
	Ulcers

	
	2
	F
	162
	
	1/0.5
	Spot ulcers/red colouration

	
	4
	F
	194
	
	1.5
	Hemorrhagic streaks

	H
	1
	F
	194
	500 mg/Kg Mupal® Water Extract
	2
	Ulcers

	
	2
	F
	148
	
	2
	Ulcers

	
	4
	F
	134
	
	1.5
	Hemorrhagic streaks

	I
	1
	F
	160
	1000 mg/Kg Mupal® Water Extract
	2
	Ulcers

	
	2
	F
	186
	
	1
	Hemorrhagic streaks

	
	3
	F
	166
	
	2
	Ulcers

	
	4
	F
	168
	
	2
	Ulcers

	J
	3
	F
	176
	50 mg/Kg Banana Methanol Extract
	1/0.5
	Spot ulcers/red colouration

	
	4
	F
	204
	
	0.5
	Red coloration

	K
	3
	F
	200
	100 mg/Kg Banana Methanol Extract
	0.5
	Red coloration

	
	4
	F
	178
	
	2
	Ulcers (mucosa regeneration)

	L
	1
	F
	230
	200 mg/Kg Banana Methanol Extract
	2
	Epithelial growth indicative of regeneration of the Mucosa

	
	4
	F
	204
	
	0.5
	Red coloration

	M
	2
	F
	210
	250 mg/Kg Banana Water Extract
	1
	Spot ulcers

	N
	1
	F
	180
	500 mg/Kg Banana Water Extract
	0
	Normal stomach mucosa

	
	2
	F
	234
	
	0
	Normal stomach mucosa

	
	4
	F
	192
	
	1.5
	Hemorrhagic streak

	O
	2
	M
	234
	1000 mg/Kg Banana Water Extract
	0.5
	Red colorations

	P
	1
	M
	116
	250 mg/Kg Mupal® Suspension
	0.5
	Red colorations

	
	2
	M
	220
	
	0.5
	Red colorations

	Q
	1
	M
	200
	500 mg/Kg Mupal® Suspension
	0.5
	Red colorations

	
	4
	M
	168
	
	0.5
	Red colorations

	R
	1
	M
	166
	1000 mg/Kg Mupal® Suspension
	0.5
	Red colorations

	
	3
	M
	122
	
	0.5
	Red colorations

	
	4
	M
	186
	
	2
	Epithelial growth indicative of regeneration of the mucosa

	S
	2
	M
	172
	250 mg/Kg Banana Suspension
	1
	Spot ulcers

	
	3
	M
	210
	
	1
	Spot ulcers

	
	4
	M
	182
	
	1
	Spot ulcers

	T
	1
	M
	198
	500 mg/Kg Banana Suspension
	1/0.5
	Spot ulcers/Red colorations

	
	4
	M
	112
	
	2
	Ulcers

	U
	1
	M
	208
	1000 mg/Kg Banana Suspension
	1
	Spot ulcers

	
	3
	M
	170
	
	1
	Spot ulcers

	
	4
	M
	176
	
	1
	Spot ulcers



Sample size, n=84
0 -Normal stomach, 0.5 -Red coloration, 1 - Spot ulcers, 1.5 -Hemorrhagic streak,	   
2 – Ulcers
Table 4.4 shows the effect of various preparations of Mupal®, banana, and omeprazole suspensions on the mucosa of ethanol-induced ulcers in rats compared to untreated animals only water administered and positive control (1 ml 100% ethanol).  The lesions were observed with the naked eye, magnifying glass, and dissection microscope. The results reveal the varying degree of ulcerations. 
The ulcer index (UI) was obtained from the sum of the scores of all the lesions for each stomach, and the mean UI was calculated for each group.  
The percentage of ulcer protection (Patil et al., 2010) was determined by;
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One-way ANOVA was conducted to investigate the anti-ulcer activity of Mupal® extract compared to other treatments, as illustrated in Table 4.5, showing the statistical analysis results.
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[bookmark: _Toc79941678][bookmark: _Toc79941991][bookmark: _Toc79942298][bookmark: _Toc79942605][bookmark: _Toc79942913]Table 4.5: Analysis of ulcer scores after treatment with Mupal®, banana preparations, and omeprazole suspensions.
	
	
	One-way ANOVA
	
	
	

	
	
	ulcer score
	
	
	

	
	Sum of Squares
	df
	Mean Square
	F
	p

	Between Groups
	15.148
	18
	0.842
	3.760
	<0.0001

	Within Groups
	7.833
	35
	0.224
	
	

	Total
	22.981
	53
	
	
	


 p < 0.0001, F (18, 35) = 3.760,   sample size, n=84


Table 4.5 shows the analysis of the ulcer scores using ANOVA. The result demonstrated a statistically significant difference in the means of ulcer scores among different groups (p<0.001).
To find out which treatment means were statistically different from the rest, a Tukey's post hoc test was conducted, as illustrated in 

Table 4.6.
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[bookmark: _Toc79941679][bookmark: _Toc79941992][bookmark: _Toc79942299][bookmark: _Toc79942606][bookmark: _Toc79942914]Table 4.6: Analysis of ulcer scores using multiple comparisons from Tukey's Test (post hoc test) for the 6-day treatment with Mupal®, banana preparations, and omeprazole suspension.
	Groups
	Treatment
	Mean Difference
(I-J)
	Std. Error
	p*

	A
	Negative Control 5 ml Water
	
	
	

	B
	Positive Control 5 ml Water + 1 ml, 100% ethanol
	-1.000
	0.361
	0.396

	C
	Positive Control 10 mg/Kg Omeprazole
	-0.500
	0.335
	0.989

	D
	50 mg/Kg Mupal® Methanol Extract
	-1.667*
	0.361
	0.006

	E
	100 mg/Kg Mupal® Methanol Extract
	-1.000
	0.361
	0.396

	F
	200 mg/Kg Mupal® Methanol Extract
	-0.500
	0.361
	0.995

	G
	[bookmark: _Hlk65613795]250 mg/Kg Mupal® Water Extract
	-1.500*
	0.361
	0.020

	H
	500 mg/Kg Mupal® Water Extract
	-1.833*
	0.361
	0.002

	I
	[bookmark: _Hlk65613840]1000 mg/Kg Mupal® Water Extract
	-1.750*
	0.335
	0.001

	J
	50 mg/Kg Banana Methanol Extract
	-0.500
	0.410
	0.999

	K
	10 0mg/Kg Banana Methanol Extract
	-1.250
	0.410
	0.246

	L
	200 mg/Kg Banana Methanol Extract
	-1.250
	0.410
	0.246

	N
	500 mg/Kg Banana Water Extract
	-0.500
	0.361
	0.995

	P
	250 mg/Kg Mupal® Powder
	-0.500
	0.410
	0.999

	Q
	500 mg/Kg Mupal® Powder
	-0.500
	0.410
	0.999

	R
	1000 mg/Kg Mupal® Powder
	-1.000
	0.361
	0.396

	S
	250 mg/Kg Banana Powder
	-1.000
	0.361
	0.396

	T
	500 mg/Kg Banana Powder
	-1.500
	0.410
	0.068

	U
	1000 mg/Kg Banana Powder
	-1.000
	0.361
	0.396



*significance level (p < 0.05), sample size n=84
The post hoc test demonstrated that treatment of ulcer was significantly effective among rats taking 50 mg/kg Mupal® Methanol Extract (p = 0.002), 250 mg/kg Mupal® Water Extract (p = 0.020), 500 mg/kg Mupal® Water Extract (p = 0.002) and 1000 mg/Kg Mupal® Water Extract (p = 0.001) drugs as compared to the positive control group.
[bookmark: _Toc75018564][bookmark: _Toc79407257][bookmark: _Toc79941993][bookmark: _Toc79942300][bookmark: _Toc79942607][bookmark: _Toc79942915]4.2.4 Percentage protection of Mupal®, banana preparations, and omeprazole suspension in ethanol-induced ulcers in rats for the 6-day treatment
The percentage protection was derived as follows;
[image: ]
[bookmark: _Ref68678028][bookmark: _Toc75099502][bookmark: _Toc79407339][bookmark: _Toc79941681][bookmark: _Toc79941994][bookmark: _Toc79942301][bookmark: _Toc79942608][bookmark: _Toc79942916][bookmark: _Hlk68950610]Table 4.7: Comparison of percentage protection of various Mupal® preparations with omeprazole suspension and banana preparations
	Group
	Treatment
	Dosage (mg/kg)
	Ulcer
score
	% protection
	B
	t
	P -
Value

	B

	Positive Control,5 ml Water + 1 ml Absolute Ethanol
	
	11
	80
	ref
	
	

	C
	Omeprazole Suspension
	10 mg
	2.25
	93
	12.6
	3.30
	0.002

	D
	Mupal® Methanol Extract 
	50 mg
	5
	79
	-1.2
	-0.28
	0.779

	E
	Mupal® Methanol Extract 
	100 mg
	2.75
	89
	8.2
	1.94
	0.058

	F
	Mupal® Methanol Extract 
	200 mg
	1.5
	94
	13.4
	3.18
	0.003

	G
	Mupal® Water Extract 
	250 mg
	4.25
	82
	1.9
	0.46
	0.648

	H
	Mupal® Water Extract 
	500 mg
	5.5
	77
	-3.3
	-0.78
	0.441

	I
	Mupal® Water Extract 
	1000 mg
	7
	78
	-2.2
	-0.58
	0.562

	J
	Banana Methanol Extract 
	50 mg
	1.25
	92
	11.8
	2.42
	0.020

	K
	Banana Methanol Extract 
	100 mg
	2.5
	84
	4.0
	0.82
	0.416

	L
	Banana Methanol Extract 
	200 mg
	2.5
	84
	4.0
	0.82
	0.416

	M
	Banana Water Extract 
	250 mg
	1
	88
	7.1
	1.10
	0.279

	N
	Banana Water Extract 
	500 mg
	1.5
	94
	13.4
	3.18
	0.003

	O
	Banana Water Extract 
	1000 mg
	0.5
	94
	13.4
	2.05
	0.046

	P
	Mupal® Suspension 
	250 mg
	1
	94
	13.4
	2.74
	0.009

	Q
	Mupal® Suspension 
	500 mg
	1
	94
	13.4
	2.74
	0.009

	R
	Mupal® Suspension 
	1000 mg
	3
	88
	7.1
	1.70
	0.097

	S
	Banana Suspension 
	250 mg
	3
	88
	7.1
	1.70
	0.097

	T
	Banana Suspension 
	500 mg
	2.75
	83
	2.5
	0.50
	0.618

	U
	Banana Suspension 
	1000mg
	3
	88
	7.1
	1.70
	0.097



Sample size n=84 
Table 4.7 reveals that omeprazole, 10 mg/kg suspension has 13 times better protection than the positive control (p=0.002). It also shows that Mupal® 200 mg/kg, Mupal® methanol extract has 13 times better protection than the positive control (p=0.003). Further, it reveals that 50 mg/kg of banana methanol extract has 12 times better protection than the positive control (p=0.02). Finally, the study also shows banana water extract 500 mg has 13 times better protection than the positive control (p=0.003).
[bookmark: _Ref68887164][bookmark: _Toc75099503][bookmark: _Toc79407340][bookmark: _Toc79941682][bookmark: _Toc79941995][bookmark: _Toc79942302][bookmark: _Toc79942609][bookmark: _Toc79942917]

Table 4.8: Comparison of percentage protection of Banana, Mupal® and Omeprazole preparations regardless of the dose of either Banana or Mupal® preparation
	Treatment
	Ulcer
score
	% protection
	B
	t
	P -
Value

	Positive Control 5ml Water + 1ml 100% Ethanol
	11
	80
	ref
	
	

	 Omeprazole
	2.25
	93
	12.6
	3.19
	0.002

	 Mupal® Methanol Extract
	9.25
	87
	6.8
	2.14
	0.037

	 Mupal® Water Extract
	16.75
	79
	-1.3
	-0.42
	0.679

	 Banana Methanol Extract
	6.25
	87
	6.6
	1.89
	0.064

	 Banana Water Extract
	3
	93
	12.1
	3.29
	0.002

	 Mupal® Suspension
	5
	91
	10.7
	3.18
	0.002

	 Banana Suspension
	8.75
	86
	6.0
	1.83
	0.073



Sample size n=84


Table 4.8 compares the percentage protection of banana, Mupal®, and omeprazole preparations against positive control on ethanol-induced ulcers.  It reveals that Mupal® methanol extract has seven times more protection than the control (p=0.037). In comparison, omeprazole suspension was 13 times more protection than the positive control (p=0.002), while banana water extract has 12 times more protection than the positive control. Thus, there is a positive effect of using omeprazole, banana, and Mupal® on the percentage protection.
[bookmark: _Toc75099504][bookmark: _Toc79407341][bookmark: _Toc79941683][bookmark: _Toc79941996][bookmark: _Toc79942303][bookmark: _Toc79942610][bookmark: _Toc79942918]Table 4.9: Comparison of percentage protection of Mupal® and Banana preparations to omeprazole regardless of the dose and type of preparation (either extract or suspension)
	Treatment
	Ulcer
score
	% protection
	B
	t
	P -
Value

	Omeprazole Suspension
	2.25
	91
	ref
	
	

	Mupal® preparations
	31
	85
	-7.9
	-1.71
	0.092

	Banana preparations
	18
	88
	-4.8
	-1.02
	0.312



Sample size n=84
The results reveal that regardless of the preparation, there is no statistically significant difference between omeprazole suspension and Mupal® or banana preparations in terms of percentage protection.
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[bookmark: _Ref69290052][bookmark: _Toc74490126][bookmark: _Toc79407373][bookmark: _Toc79941684][bookmark: _Toc79941997][bookmark: _Toc79942304][bookmark: _Toc79942611][bookmark: _Toc79942919][bookmark: _Ref5379898][bookmark: _Ref5379905][bookmark: _Toc5446080][bookmark: _Toc5378185][bookmark: _Toc35187647][bookmark: _Toc14194426][bookmark: _Hlk5308484]Figure 4.1: Comparison of percentage protection between Omeprazole, Mupal® and Banana preparations against control in ethanol-induced ulcers
[bookmark: _Toc77617982][bookmark: _Toc78962880][bookmark: _Toc78963566]Figure 4.1 shows the comparison in percentage protection of Omeprazole, Mupal®, and banana preparations against the control in ethanol-induced ulcers. It reveals that 50 mg/kg Mupal® Methanol Extract, (D) 500 mg/kg Mupal® Water Extract (H), 1000 mg/kg Mupal® Water Extract	(I) had the lowest protection, while F,200 mg/kg Mupal® Methanol Extract, J -50 mg/kg Banana Methanol Extract, N- 500 mg/kg Banana Water Extract, P -250 mg/kg Mupal® Suspension, and Q -500 mg/kg Mupal® suspension had the highest percentage protection.


Key
	Groups
	Treatment
	Dosage (mg/Kg)

	A
	Control Normal,	
	5 ml water

	B
	Positive Control 
	5 ml Water + 1 ml 100% Ethanol

	C
	Positive Control Omeprazole
	10 

	D
	Mupal® Methanol Extract 
	50 

	E
	Mupal® Methanol Extract 
	100 

	F
	Mupal® Methanol Extract 
	200 

	G
	Mupal® Water Extract	
	250 

	H
	Mupal® Water Extract 
	500 

	I
	Mupal® Water Extract	
	1000	

	J
	Banana Methanol Extract 
	50 

	K
	Banana Methanol Extract 
	100 

	L
	Banana Methanol Extract 
	200 

	M
	Banana Water Extract	
	250 

	N
	Banana Water Extract 
	500 

	O
	Banana Water Extract	
	1000 

	P
	Mupal® Suspension 
	250 

	Q
	Mupal® Suspension 
	500 

	R
	Mupal® Suspension
	1000 

	S
	Banana Suspension 
	250	

	T
	Banana Suspension 
	500 

	U
	Banana Suspension 
	1000 
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[bookmark: _Ref12833937][bookmark: _Toc74490127][bookmark: _Toc79407374][bookmark: _Toc79941685][bookmark: _Toc79941998][bookmark: _Toc79942305][bookmark: _Toc79942612][bookmark: _Toc79942920][bookmark: _Toc14194427][bookmark: _Toc35187648]Figure 4.2: Comparisons of ethanol-induced ulcers treated with Omeprazole, Mupal® suspension, and Omeprazole/Mupal® combination with negative control (water).
A; negative control where only water was given shows a normal mucosa
B; 10 mg/kg omeprazole was administered and 1ml, 100% ethanol. It shows hemorrhagic streaks (yellow arrow).
[bookmark: _Toc35187649][bookmark: _Toc14194428]C; 500 mg/kg Mupal® suspension was administered with 1 ml, 100% ethanol. It shows slow mucosal recovery (yellow arrow). 
[bookmark: _Toc35187650][bookmark: _Toc14194429]D; 10 mg/kg omeprazole and 500 mg/kg Mupal® suspension were administered with 1 ml, 100% ethanol to cause ulceration. It reveals hemorrhagic streaks showing ulcerated areas with poor mucosal recovery (yellow arrow).
[bookmark: _Toc75018565][bookmark: _Toc79407258][bookmark: _Toc79941999][bookmark: _Toc79942306][bookmark: _Toc79942613][bookmark: _Toc79942921]4.3 Effect on gastric acidity of Mupal® preparations compared to omeprazole and banana preparations in ethanol-induced rats
[bookmark: _Toc68874967][bookmark: _Toc68874968]Gastric contents were removed, and the content of the total acid was assessed in two experimental procedures. The results indicate that Mupal® suspension had the highest level of acid reduction (Figure 4.3), followed by its combination with omeprazole. Further analysis, however, shows that there were no statistical differences between the various treatment groups (Table 4.10)
After six days of treatment with various preparations of Mupal®, banana and omeprazole, it was observed that banana methanol extract, Mupal® suspension, and Mupal® water extract had the highest acid-lowering effect on the gastric contents. 
[bookmark: _Toc514831435][bookmark: _Toc35244049][bookmark: _Toc514830624][bookmark: _Toc75018566][bookmark: _Toc79407259][bookmark: _Toc79942000][bookmark: _Toc79942307][bookmark: _Toc79942614][bookmark: _Toc79942922][bookmark: _Toc14194307]4.3.1 Effect of Mupal® suspension on acidity 
Table 4.10 shows the distribution of total acids between treatment groups (Omeprazole and the test drug, Mupal® suspension) by sex in the one-day pretreatment experiment. There were no significant changes in gastric acidity in a single treatment with either omeprazole or Mupal® suspension. The combination of the two treatments (Omeprazole and Mupal® suspension) caused a significant reduction in gastric acidity in female rats when compared with the response in the control group.


[bookmark: _Ref68869440][bookmark: _Ref11075607][bookmark: _Toc35187623][bookmark: _Toc14194369][bookmark: _Toc75099505]

[bookmark: _Toc79407342][bookmark: _Toc79941688][bookmark: _Toc79942001][bookmark: _Toc79942308][bookmark: _Toc79942615][bookmark: _Toc79942923]Table 4.10: Distribution of total acid mmol/L by treatment group, comparison by sex in a one-day pretreatment experiment.
	Drug Given
	Sex
	n
	Mean
	se (±μ)
	Std. Error
	95% CI Lower Bound
	for mean
Upper Bound
	P-Value

	5ml Water only
	Male
	2.0
	61.0
	1.4
	1.0
	48.3
	73.7
	

	
	Female
	2.0
	53.0
	18.4
	13.0
	(112.2)
	218.2
	0.602

	
	Total
	4.0
	57.0
	11.6
	5.8
	38.5
	75.5
	

	5ml water + 1 ml Ethanol
	Male
	2.0
	80.0
	49.5
	35.0
	(364.7)
	524.7
	

	
	Female
	2.0
	25.5
	20.5
	14.5
	(158.7)
	209.7
	0.287

	
	Total
	4.0
	52.8
	44.1
	22.1
	(17.5)
	123.0
	

	Omeprazole 10 m/kg + 1 ml, 100% ethanol
	Male
	2.0
	55.0
	-
	-
	55.0
	55.0
	

	
	Female
	2.0
	60.0
	28.3
	20.0
	(194.1)
	314.1
	0.826

	
	Total
	4.0
	57.5
	16.6
	8.3
	31.1
	83.9
	

	Mupal 500 mg/kg + 1 ml, 100% ethanol
	Male
	2.0
	20.0
	-
	-
	20.0
	20.0
	

	
	Female
	2.0
	41.0
	29.7
	21.0
	(225.8)
	307.8
	0.423

	
	Total
	4.0
	30.5
	21.0
	10.5
	(2.9)
	63.9
	

	Omeprazole 10 mg/kg + 500 mg/kg Mupal® suspension +1 ml, 100% ethanol
	Male
	2.0
	60.0
	2.8
	2.0
	34.6
	85.4
	

	
	Female
	2.0
	41.0
	4.2
	3.0
	2.9
	79.1
	0.034

	
	Total
	4.0
	50.5
	11.4
	5.7
	32.4
	68.6
	


Sample size n=20
Table 4.10 shows no significant difference between the treatment groups by sex on the total acidity (mmol/L), except for the Mupal®/ omeprazole combinations (p-value<0.05).


[bookmark: _Ref68869311][bookmark: _Toc74490128][bookmark: _Toc79407375][bookmark: _Toc79941689][bookmark: _Toc79942002][bookmark: _Toc79942309][bookmark: _Toc79942616][bookmark: _Toc79942924]Figure 4.3 Effect of acid-lowering of Mupal® compared to omeprazole, omeprazole/Mupal® combinations in ethanol-induced ulcers. 
Figure 4.3 shows the effect of acid-lowering of Mupal® 500 mg/kg compared to omeprazole 10 mg/kg, omeprazole/Mupal® combinations, and negative control 5 ml water in a one-day pretreatment experiment. It shows that Mupal® had the lowest mean of total acid.
[image: ]
[bookmark: _Toc79941690][bookmark: _Toc79942003][bookmark: _Toc79942310][bookmark: _Toc79942617][bookmark: _Toc79942925]Figure 4.4: Effect of omeprazole, Mupal®, omeprazole/Mupal® combinations in ethanol-induced ulcers
[image: ]
[bookmark: _Ref68874088][bookmark: _Toc74490130][bookmark: _Toc79941691][bookmark: _Toc79942004][bookmark: _Toc79942311][bookmark: _Toc79942618][bookmark: _Toc79942926]Figure 4.5: Effect of omeprazole, Mupal®, omeprazole/Mupal® combinations in ethanol-induced ulcers by sex
[bookmark: _Toc79407376]Error! Reference source not found. and Figure 4.5 show the effect of Omeprazole, Mupal®, omeprazole/Mupal® combinations on the total acid level. It reveals Mupal® had the lowest recorded total acid levels compared to other treatments. Further, the male animals had higher total acid levels compared to the females.


[bookmark: _Ref68870409][bookmark: _Toc74490131][bookmark: _Toc79407377][bookmark: _Toc79941692][bookmark: _Toc79942005][bookmark: _Toc79942312][bookmark: _Toc79942619][bookmark: _Toc79942927]Figure 4.6: Comparison of total acid concentrations between omeprazole (10 mg/kg) Mupal® suspension (500 mg/kg) and omeprazole/ Mupal® combinations in experimentally induced ulcers. Mupal® suspension demonstrates the highest reduction of the total acid in mmol
KEY: STD drug - Omeprazole
Test drug – Mupal®
[bookmark: _Hlk74576365]Figure 4.6 shows the effect on the total acid levels of ethanol-induced ulcers after the administration of Omeprazole, Mupal®, omeprazole/Mupal® combinations. It reveals that the best acid reduction was by Mupal® followed by omeprazole/ Mupal® combination. 

[bookmark: _Toc14194308][bookmark: _Toc35244050][bookmark: _Toc75018567][bookmark: _Toc79407260][bookmark: _Toc79942006][bookmark: _Toc79942313][bookmark: _Toc79942620][bookmark: _Toc79942928]4.3.2 Effect of Mupal® preparations on free acidity compared to banana preparations and omeprazole suspension 6-day treatment. 

[bookmark: _Ref14106677][bookmark: _Toc35187652][bookmark: _Toc14194432][bookmark: _Toc79407378][bookmark: _Toc79941694][bookmark: _Toc79942007][bookmark: _Toc79942314][bookmark: _Toc79942621][bookmark: _Toc79942929][bookmark: _Toc74490132]Figure 4.7:  Effect on free acids of omeprazole suspension, Mupal®, banana preparations in experimental rats. 
KEY:  ME - methanol extract, 
WE - water extract, 
S - suspension
Figure 4.7 shows the effect on the free acid levels of ethanol-induced ulcers after administering Omeprazole suspension, Mupal®, Banana preparations. It reveals that the best free acid reduction was by banana methanol extract, Mupal® suspension, and Mupal® water extract, respectively

[bookmark: _Toc75018568][bookmark: _Toc79407261][bookmark: _Toc79942008][bookmark: _Toc79942315][bookmark: _Toc79942622][bookmark: _Toc79942930]4.3.3 Effect on the total acid levels after administration of Mupal® preparations, Banana preparations and Omeprazole suspension in the 6-day treatment. 

Sample size n=84
[bookmark: _Ref69247428][bookmark: _Toc74490133][bookmark: _Toc79407379][bookmark: _Toc79941696][bookmark: _Toc79942009][bookmark: _Toc79942316][bookmark: _Toc79942623][bookmark: _Toc79942931]Figure 4.8 Effect of various preparations of Omeprazole, Mupal®, and banana on the total acid levels in ethanol-induced ulcers.
Figure 4.8 shows the effect of total acid levels in ethanol-induced ulcers. It shows that the lowest total acid measured was seen in K (100 mg/kg Banana Methanol Extract), L (200 mg/kg Banana Methanol Extract), and P (250 mg/kg Mupal® Suspension). 


Key:
	Groups
	Treatment
	Dosage (mg/Kg)

	A
	Untreated	
	5 ml water

	B
	Positive Control 
	5 ml Water + 1 ml 100% Ethanol

	C
	Positive Control Omeprazole
	10 

	D
	Mupal® Methanol Extract 
	50 

	E
	Mupal® Methanol Extract 
	100 

	F
	Mupal® Methanol Extract 
	200 

	G
	Mupal® Water Extract	
	250 

	H
	Mupal® Water Extract 
	500 

	I
	Mupal® Water Extract	
	1000	

	J
	Banana Methanol Extract 
	50 

	K
	Banana Methanol Extract 
	100 

	L
	Banana Methanol Extract 
	200 

	M
	Banana Water Extract	
	250 

	N
	Banana Water Extract 
	500 

	O
	Banana Water Extract	
	1000 

	P
	Mupal® Suspension 
	250 

	Q
	Mupal® Suspension 
	500 

	R
	Mupal® Suspension
	1000 

	S
	Banana Suspension 
	250	

	T
	Banana Suspension 
	500 

	U
	Banana Suspension 
	1000 



[bookmark: _Toc72870088][bookmark: _Toc72870956][bookmark: _Toc72871820][bookmark: _Toc72872684][bookmark: _Toc72873547][bookmark: _Toc68737416][bookmark: _Toc68811391][bookmark: _Toc68811618][bookmark: _Toc68812710][bookmark: _Toc68874973][bookmark: _Toc69252333][bookmark: _Toc69295524][bookmark: _Toc72870089][bookmark: _Toc72870957][bookmark: _Toc72871821][bookmark: _Toc72872685][bookmark: _Toc72873548][bookmark: _Toc514830626][bookmark: _Toc514831437][bookmark: _Toc35244051][bookmark: _Toc14194309][bookmark: _Hlk34303234][bookmark: _Toc75018569][bookmark: _Toc79407262][bookmark: _Toc79942010][bookmark: _Toc79942317][bookmark: _Toc79942624][bookmark: _Toc79942932]

4.4 Results of the Histology of the rat stomach mucosa on Day 1
Effect of 5ml water and 5ml water plus 1ml 100% ethanol only on day 1
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[bookmark: _Ref68687916][bookmark: _Toc74490134][bookmark: _Toc79407380][bookmark: _Toc79941698][bookmark: _Toc79942011][bookmark: _Toc79942318][bookmark: _Toc79942625][bookmark: _Toc79942933][bookmark: _Ref5380091][bookmark: _Toc5378201][bookmark: _Ref5380066][bookmark: _Toc5446096][bookmark: _Hlk36877747]Figure 4.9: Section through gastric mucosa of a control rat showing normal appearance (A&B) and a positive control rat with ethanol induced ulcers (C, D & E)
(A & B) shows a normal stomach compartment with well-lined continuous mucosa on the entire surface with no evidence of epithelial erosion. No erosion or ulcer in the glandular and non-glandular mucosa was observed. 
[bookmark: _Ref5380102][bookmark: _Toc5446097][bookmark: _Ref5380073][bookmark: _Toc5378202][bookmark: _Toc35187654][bookmark: _Toc14194434](C, D & E) Section through gastric mucosa of a rat after 1 ml of 100% ethanol was given. Ethanol served as the positive control. 
Figure 4.9 (C, D & E) shows focal ulcers in the non-glandular mucosa characterized by necrosis of stratified squamous epithelium exposing the lamina muscularis. In addition, there was infiltration by mononuclear inflammatory cells and vascularization and edema in the submucosa adjacent to the ulcerated foci. Mild erosions occur in the glandular stomach.
[bookmark: _Toc14194310][bookmark: _Toc35244052][bookmark: _Toc75018570][bookmark: _Toc79407263][bookmark: _Toc79942012][bookmark: _Toc79942319][bookmark: _Toc79942626][bookmark: _Toc79942934]4.4.1 Results of the Histology of the rat stomach mucosa on day 6 after treatment with omeprazole and Mupal® 
Effect of 5 ml water, 1 ml of 100% ethanol, omeprazole, and Mupal® methanol-suspension given on day 6. 
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[bookmark: _Ref34947361][bookmark: _Toc74490135][bookmark: _Toc79407381][bookmark: _Toc79941700][bookmark: _Toc79942013][bookmark: _Toc79942320][bookmark: _Toc79942627][bookmark: _Toc79942935][bookmark: _Toc35187655][bookmark: _Toc14194435][bookmark: _Toc5378204][bookmark: _Ref5380160][bookmark: _Ref5380078][bookmark: _Ref5439769][bookmark: _Toc5446099]Figure 4.10: Section through gastric mucosa of a rat 
(A) Shows thick mucosal lining continuous epithelial lining with no evidence of ulceration of the tissues on day 6 with the administration of 5 ml water only.
(B) Shows glandular stomach with deep ulcers and sloughed debris being conspicuous. There is also submucosal edema and widespread mucosa erosions after 1 ml of 100% ethanol on day 6.
(C) Non-glandular stomach shows focal ulcer (arrow) characterized by loss of epithelium and lamina muscularis, submucosal edema, and vascularization. Surface erosions occurred at separate foci on the non-glandular mucosa. 
[bookmark: _Toc35187657][bookmark: _Toc14194437](D, E, F, G) Section through gastric mucosa of a rat showing normal appearance after 10 mg/kg Omeprazole was administered. No erosion or ulcer on either glandular (narrow arrow) or non-glandular stomach (broad arrow)- epithelium is intact in both.
(H) Section through gastric mucosa of a rat after 50 mg/kg Mupal® suspension was administered. It shows no erosion or ulcer in either glandular or non-glandular stomach (intact epithelium – arrow)
Effect of Mupal® methanol suspension on day 6
Figure 4.11 below, shows the histological appearance of stomach mucosa of rats that were treated with a suspension of Mupal® methanol suspension for six days. There were no erosions or ulcers in either glandular or non-glandular epithelium. High turnover of cells abutting debris in the lumen of the glandular stomach (arrows in A and B respectively) suggests a healing process of erosion or ulcer. C shows intact epithelium (broad arrow), while D shows intact non-glandular epithelium. 
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[bookmark: _Toc79407382][bookmark: _Toc79941701][bookmark: _Toc79942014][bookmark: _Toc79942321][bookmark: _Toc79942628][bookmark: _Toc79942936]Figure 4.11: Appearance of a rat stomach after 25 mg/kg Mupal® suspension was administered daily for 6 days
[bookmark: _Toc14194311][bookmark: _Toc35244053][bookmark: _Toc75018571][bookmark: _Toc79407264][bookmark: _Toc79942015][bookmark: _Toc79942322][bookmark: _Toc79942629][bookmark: _Toc79942937]4.5 Toxicity of Mupal® suspension using rats
[bookmark: _Toc33863542][bookmark: _Toc35244058][bookmark: _Toc75018578][bookmark: _Toc79407265][bookmark: _Toc79942016][bookmark: _Toc79942323][bookmark: _Toc79942630][bookmark: _Toc79942938]4.5.1 Results on the determination of LD50 of Mupal® suspension
Clinical signs
LD50 was determined at various evenly spaced single doses of Mupal® suspension and the animals monitored for 14 days.
In the dose range of up to 2000 mg/kg, there were no adverse signs of toxicity, however, at the dose of 250 mg/kg, the eyes were dull, and this was considered as an incidental finding because at all other dose levels there were no clinical signs of toxicity. 
[bookmark: _Toc75099510][bookmark: _Toc79407343][bookmark: _Toc79941704][bookmark: _Toc79942017][bookmark: _Toc79942324][bookmark: _Toc79942631][bookmark: _Toc79942939][bookmark: _Hlk69199072]Table 4.11:Symtoms following a single oral dose of Mupal® suspension
	Dose level
	Number of animals
	Duration of signs
	Symptoms

	0
	3
	-
	None

	250
	3
	24 hrs.
	 dull eyes

	500
	3
	-
	None

	1000
	3
	-
	None

	2000
	3
	-
	None


Pathological changes
There were no notable gross pathological changes at necropsy of the animals, treated with mupal when compared to controls.
After 14 days, histology revealed congestion in the liver and the kidney. Brain of rats dosed at 2,000 mg/kg Mupal suspension showed various lesions including occurrence of focal aggregations of astrocytes into glial nodules, neuronal degeneration bordering on malacia, and vasculitis (Figure 4.12). (There were no lesions in other body organs).
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[bookmark: _Toc35187668][bookmark: _Toc74490143][bookmark: _Toc79407383][bookmark: _Toc79941705][bookmark: _Toc79942018][bookmark: _Toc79942325][bookmark: _Toc79942632][bookmark: _Toc79942940]Figure 4.12:  The Effect on a rat's brain dosed with 2000 mg/kg of Mupal® suspension. They are showing glial nodules and neuronal degeneration diffuse gliosis, vasculitis and malacia.
Image A, B and C:  Brain showing focal glial nodule 
Image D:  Brain showing a focal malacia with glial cell aggregates
Images E & F: Brain showing vasculitis
 Image G and I: Brain showing neuronal degeneration and moderate gliosis
 (H) Brain mild congestion and gliosis 
[bookmark: _Toc14194312][bookmark: _Toc35244054][bookmark: _Toc75018572][bookmark: _Toc79407266][bookmark: _Toc79942019][bookmark: _Toc79942326][bookmark: _Toc79942633][bookmark: _Toc79942941]4.5.2 Results of acute toxicity of Mupal® suspension.
In the dose range (62.5, 250, and 1000 mg/kg), it was found that there were no adverse clinical effects or death recorded during the 14 days after treatment with Mupal® suspension. Furthermore, the weight changes did not differ significantly between the test and the controls. The result showing the trend in changes in weight of the rats from day 0 to day 14 at doses 62.5, 250, and 1000 mg/kg are presented inFigure 4.13, while statistical analysis is shown in 

Table 4.12.
[bookmark: _Ref69247727][bookmark: _Toc75099506][bookmark: _Toc79407344]

[bookmark: _Toc79941707][bookmark: _Toc79942020][bookmark: _Toc79942327][bookmark: _Toc79942634][bookmark: _Toc79942942]Table 4.12: Effect of Mupal® suspension on body weights of rats:
	
	
	ANOVA
	
	
	

	Total weight gain
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	859.800
	3
	286.600
	1.412
	0.276

	Within Groups
	3248.000
	16
	203.000
	
	

	Total
	4107.800
	19
	
	
	





Table 4.12 shows the effect of various doses of Mupal® suspension on the live body weight of rats after 14 days of administration. It reveals that the means of the total weight gain was not statistically different concerning the three doses 62.5 mg/kg, 250mg/kg, and 1000 mg/kg of Mupal® suspension in comparison to the control group (distilled water) as determined by one-way ANOVA (F (3, 16) = 1.412, p = 0.276). 
Therefore, based on the weight changes of the rats, there was no evidence to suggest that   -doses, 62.5 mg/kg, 250mg/kg, and 1000 mg/kg of Mupal® suspension were toxic.

[bookmark: _Ref68157902][bookmark: _Ref75086590][bookmark: _Toc74490138][bookmark: _Toc79407384][bookmark: _Toc79941708][bookmark: _Toc79942021][bookmark: _Toc79942328][bookmark: _Toc79942635][bookmark: _Toc79942943]Figure 4.13: Weight Change over the experimental period concerning different doses of Mupal® suspension 62.5 mg/kg, 250mg/kg, and 1000 mg/kg over 14 days experimental period. 
Figure 4.13 shows no significant change in weight over the 14 days for the different doses of Mupal® suspension (62.5 mg/kg, 250mg/kg, and 1000 mg/kg). (p = 0.276).
[bookmark: _Toc75018573]

[bookmark: _Toc79407267][bookmark: _Toc79942022][bookmark: _Toc79942329][bookmark: _Toc79942636][bookmark: _Toc79942944]4.5.3	Changes in weight (gms) of organs of rats at the end of the 14-day experimental period
[bookmark: _Toc79407345][bookmark: _Toc79941710][bookmark: _Toc79942023][bookmark: _Toc79942330][bookmark: _Toc79942637][bookmark: _Toc79942945]Table 4.13:  Weight changes (gms) of various organs harvested from rats after a 14 day experimental period with the administration of various dosages of Mupal®.
	Group
	Rat No.
	Day 14 Rat Wt
	Stomach
& Duodenum
	Small Intestines
	Liver
	Left & Right Kidney
	Heart
	Left & Right Lungs
	Spleen
	Brain

	
A
(Distilled Water Control)
	1
	208
	2.1345
	1.3921
	12.5222
	1.8186
	0.7632
	1.9028
	1.8671
	1.5500

	
	2
	232
	2.0696
	0.8433
	12.5753
	2.0096
	0.8110
	2.0946
	2.8671
	1.2960

	
	3
	Died
	-
	-
	-
	-
	-
	-
	-
	-

	
	4
	246
	2.1678
	0.9572
	14.7983
	2.2547
	0.7999
	2.8892
	1.5978
	1.2119

	
	5
	216
	2.8306
	1.0985
	11.4933
	2.2360
	0.9846
	1.7832
	1.8313
	1.3053

	
B
(Mupal® Suspension 62.5mg/kg)
	6 -PG
	238
	1.9895
	0.8536
	14.0798
	2.1088
	0.7290
	2.0229
	1.5213
	1.2701

	
	7
	226
	2.1529
	1.1243
	13.0613
	2.2185
	0.8122
	2.0306
	1.9880
	1.5193

	
	8
	294
	2.1571
	1.1628
	16.9356
	2.6630
	1.1325
	2.3265
	1.8628
	1.6357

	
	9
	278
	2.2940
	0.9606
	19.3829
	2.4997
	1.0390
	2.4941
	2.8474
	1.2779

	
	10- PG
	246
	2.3689
	1.0824
	14.1028
	2.2766
	1.0719
	1.7519
	1.5454
	1.4066

	C
(Mupal® Suspension
250mg/kg)
	11
	220
	2.0778
	1.0397
	11.4418
	2.4719
	1.1983
	1.5733
	1.4392
	1.1674

	
	12
	216
	2.2646
	0.7069
	12.8182
	2.1939
	0.9135
	1.9873
	1.6675
	1.4489

	
	13
	264
	2.3714
	0.6821
	12.6549
	2.6015
	0.9290
	2.3309
	2.0616
	1.3720

	
	14
	288
	2.3854
	1.1308
	16.0406
	2.6599
	0.0757
	2.0611
	2.0285
	1.6578

	
	15
	238
	2.0023
	0.9684
	14.2453
	2.2487
	0.7840
	1.9159
	1.9061
	1.2066

	D
(Mupal® Suspension
1000mg/kg)
	16
	166
	1.4484
	0.6495
	8.9620
	1.9414
	0.6071
	1.2494
	1.6717
	1.4740

	
	17
	216
	2.2588
	1.2144
	11.9679
	2.3185
	0.8209
	2.1270
	1.4010
	1.2888

	
	18
	276
	1.9430
	1.1831
	14.9094
	2.5659
	0.9538
	2.3813
	1.7574
	1.5619

	
	19
	266
	1.7407
	1.0531
	12.1136
	2.4263
	1.0493
	2.2864
	1.3716
	1.4256

	
	20 -PG
	220
	2.6113
	0.8453
	15.7878
	2.5419
	0.8755
	1.8530
	1.4920
	1.1084



KEY:	 PG - Pregnant /Gravid; Wt (weight)
Table 4.13 shows the changes in weight of organs after administration of Mupal in 62.5 mg/kg, 250 mg/kg, and 1000 mg/kg doses over a 14-day experimental period 
[bookmark: _Ref68023093][bookmark: _Ref69248084][bookmark: _Toc14194370][bookmark: _Toc8056653][bookmark: _Toc35187624][bookmark: _Toc75099507][bookmark: _Toc79407346][bookmark: _Toc79941711][bookmark: _Toc79942024][bookmark: _Toc79942331][bookmark: _Toc79942638][bookmark: _Toc79942946]

Table 4.14: Analysis of changes in weight of organs in rats after oral administration of various doses of Mupal® suspension at the end of the 14-day experimental period
	[bookmark: _Toc14194313]
	
	ANOVA
	
	
	
	

	Organs
	
	Sum of Squares
	df
	Mean Square
	F
	p*

	stomach & duodenum
	Between Groups
	0.227
	3
	0.076
	0.811
	0.507

	
	Within Groups
	1.400
	15
	0.093
	
	

	
	Total
	1.627
	18
	
	
	

	small intestines
	Between Groups
	0.073
	3
	0.024
	0.584
	0.634

	
	Within Groups
	0.624
	15
	0.042
	
	

	
	Total
	0.697
	18
	
	
	

	Liver
	Between Groups
	24.193
	3
	8.064
	1.623
	0.226

	
	Within Groups
	74.537
	15
	4.969
	
	

	
	Total
	98.730
	18
	
	
	

	left and right kidney
	Between Groups
	0.310
	3
	0.103
	2.045
	0.151

	
	Within Groups
	0.759
	15
	0.051
	
	

	
	Total
	1.069
	18
	
	
	

	Heart
	Between Groups
	0.081
	3
	0.027
	0.413
	0.746

	
	Within Groups
	0.974
	15
	0.065
	
	

	
	Total
	1.055
	18
	
	
	

	Lung
	Between Groups
	0.137
	3
	0.046
	0.310
	0.818

	
	Within Groups
	2.205
	15
	0.147
	
	

	
	Total
	2.342
	18
	
	
	

	spleen 
	Between Groups
	0.678
	3
	0.226
	1.352
	0.295

	
	Within Groups
	2.507
	15
	0.167
	
	

	
	Total
	3.185
	18
	
	
	

	Brain
	Between Groups
	0.016
	3
	0.005
	0.176
	0.911

	
	Within Groups
	0.445
	15
	0.030
	
	

	
	Total
	0.461
	18
	
	
	





Table 4.14 indicates the results of a one-way ANOVA conducted to evaluate the toxicity of Mupal® suspension on various organ weights, i.e., liver, stomach, duodenum, small intestines, kidney, lung, spleen, and brain. The toxicity of Mupal® suspension was tested on doses of 62.5 mg/kg, 250mg/kg, and 1000 mg/kg compared to the control group (distilled water).  It indicates that the means of the organs weight, liver (p = 0.226), stomach and duodenum (p = 0.507), small intestines (p = 0.634), kidney (p = 0.151), lung (p = 0.818), spleen (p = 0.295) and brain (p = 0.911) were not statistically different for the three treatment groups in comparison with the control. Therefore, Mupal® suspension in doses of 62.5 mg/kg, 250mg/kg, and 1000 mg/kg demonstrated no toxicity to organs of the rats in the experimental period.
[bookmark: _Toc35244055][bookmark: _Toc75018574][bookmark: _Toc79407268][bookmark: _Toc79942025][bookmark: _Toc79942332][bookmark: _Toc79942639][bookmark: _Toc79942947]4.5.4 Observation on food consumption with the administration of various doses of Mupal® suspension.
[bookmark: _Ref68072778][bookmark: _Toc75099508][bookmark: _Toc79407347][bookmark: _Toc79941713][bookmark: _Toc79942026][bookmark: _Toc79942333][bookmark: _Toc79942640][bookmark: _Toc79942948]Table 4.15: Analysis of feed consumption at various doses of Mupal® suspension (62.5, 250, and 1000 mg/kg) from days 0 to 14.
	
	ANOVA
	
	
	
	

	Feed Consumption
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	9217.429
	3
	3072.476
	18.957
	<0.0000

	Within Groups
	8428.000
	52
	162.077
	
	

	Total
	17645.429
	55
	
	
	



Table 4.15 indicate food consumption at various doses of Mupal® suspension and compares it with a control group. The data recorded suggest significant change (p<0.0001) in the food consumed over the 14 days at the different doses of Mupal® suspension. 
[bookmark: _Ref68023538]Table 4.15 demonstrates that there was a statistically significant difference in the means of feed consumption among different groups (F (3, 52) = 18.957, p < 0.0000). To find out which treatment means were statistically different from the rest, a Tukey post hoc test was conducted, and the results are presented in Table 4.15.
[bookmark: _Ref69235189][bookmark: _Toc75099509][bookmark: _Toc79407348][bookmark: _Toc79941714][bookmark: _Toc79942027][bookmark: _Toc79942334][bookmark: _Toc79942641][bookmark: _Toc79942949]Table 4.16: Multiple comparisons from Tukey's Test (post hoc test)
	Groups
	Treatment
	Dosage
	Mean Difference (I-J)
	Std. Error
	p*

	A Distilled Water- Control
	Mupal® suspension
	62.5 mg/Kg
	-35.714*
	4.812
	0.000

	
	Mupal® suspension
	250 mg/Kg
	-18.143*
	4.812
	0.002

	
	Mupal® suspension
	1000 mg/Kg
	-12.714
	4.812
	0.051

	62.5 mg/Kg Mupal® suspension
	A Distilled Water- Control
	
	35.714*
	4.812
	0.000

	
	Mupal® suspension
	250 mg/Kg
	17.571*
	4.812
	0.003

	
	Mupal® suspension
	1000 mg/Kg
	23.000*
	4.812
	0.000

	250 mg/Kg Mupal® suspension
	A Distilled Water- Control
	
	18.143*
	4.812
	0.002

	
	Mupal® suspension
	62.5 Mg/Kg
	-17.571*
	4.812
	0.003

	
	Mupal® suspension
	1000 mg/Kg
	5.429
	4.812
	0.674

	1000 mg/Kg Mupal® suspension
	A Distilled Water- Control
	
	12.714
	4.812
	0.051

	
	Mupal® suspension
	62.5 mg/Kg
	-23.000*
	4.812
	0.000

	
	Mupal® suspension
	250 mg/Kg
	-5.429
	4.812
	0.674



Table 4.16 shows the post hoc test results demonstrating a statistically significant difference between the feed consumption among the Mupal® suspension-treated groups and the control except for 250 mg/kg Mupal® suspension (P=0.674) and 1000 mg/Kg Mupal® suspension (P = 0.674) as compared to the control group. From the feed consumption among the four experimental groups, it is clear that there was a decrease in the feed consumption between the low dose Mupal® suspension treated and the high-dose Mupal® suspension-treated group, although relatively high than the control group.
[bookmark: _Ref34948120][bookmark: _Toc14194457][bookmark: _Toc35187663][bookmark: _Toc74490139][image: ]
[bookmark: _Toc79407385][bookmark: _Toc79941715][bookmark: _Toc79942028][bookmark: _Toc79942335][bookmark: _Toc79942642][bookmark: _Toc79942950][bookmark: _Toc5446117][bookmark: _Toc5378222][bookmark: _Ref5380630][bookmark: _Ref5380620][bookmark: _Ref5380570][bookmark: _Ref5380598]Figure 4.14: Feed consumption (in grams) by rats fed various doses of Mupal® suspension over the 14-day experimental period. 
[bookmark: _Toc79407386]An initial rise in feed consumption at the lower dose of 62.5mg/kg Mupal® is followed by a corresponding decrease at the higher doses (250mg and 1000mg/kg Mupal® suspension).
[bookmark: _Toc14194314][bookmark: _Toc35244056][bookmark: _Toc75018575][bookmark: _Toc79407269][bookmark: _Toc79942029][bookmark: _Toc79942336][bookmark: _Toc79942643][bookmark: _Toc79942951]4.5.5 Results of clinical changes with the administration of various doses of Mupal® suspension
The clinical signs of toxicity observed over the two weeks of the study are described below:
GROUP A (distilled Water Control)-: It was noted that one winstar rat was not active from days to 8 and was isolated from the rest. It died on the 12th day. The group members did not show any overt clinical findings throughout the study.
GROUP B (Mupal® Suspension 62.5 mg/kg) –One male rat had diarrhea on the 13th day only, but the rest of the rats did not show any clinical signs. The rats were active and fed well throughout the experimental period
GROUP C (Mupal® Suspension 250 mg/kg) –All the rats in this group did not manifest any clinical symptoms  
GROUP D (Mupal® Suspension 1000 mg/kg) – All the rats in this group experienced diarrhea on various days between the 5th and 14th day, but there was no vomiting, and movement was normal.
[bookmark: _Ref5380592][bookmark: _Ref5380583][bookmark: _Ref5380574][bookmark: _Toc35244057][bookmark: _Toc14194315][bookmark: _Toc75018576][bookmark: _Toc79407270][bookmark: _Toc79942030][bookmark: _Toc79942337][bookmark: _Toc79942644][bookmark: _Toc79942952]4.5.6 Results of histological changes with the administration of various doses of Mupal® suspension 
The following shows the results of histological findings for each group of rats after the tissues were stained and examined under a compound light microscope. 
Histological results are described for each treatment as presented below,
Group A 
Group A rats were given 5 ml distilled water as a control. No abnormal histological findings were noted in any of the organs under investigation. 
Group B 
Group B rats were given 62.5 mg/kg of Mupal® suspension. No abnormal histological findings were noted in any of the organs under investigation. Therefore, there was no effect at this dose in any of the organs. 
Group C 
Group C rats were given 250 mg/kg of Mupal® suspension. There were no significant histological findings. Therefore, Mupal® suspension did not cause histological lesions on the organs that were examined. 
Group D rats were given 1000 mg/kg of Mupal® suspension. This dose caused severe degeneration of distension of the central veins, and disruption of liver architecture in all the rats in this treatment group. Further, there was an infiltration of inflammatory cells in the region around the glomeruli, severe hemorrhages, and disruption of the architecture of the kidney in all the rats in this treatment group. In addition, the alveoli were flooded with homogeneous eosinophilic staining content and the alveolar wall was thick with infiltration by mononuclear inflammatory cells which is consistent with interstitial pneumonia in the lungs of one rat. Peri-vascular cuffing and infiltration of inflammatory cells in the brain of two rats were also observed. These observations suggest that 1000 mg/kg Mupal® suspension was toxic to the experimental animals.
[bookmark: _Toc75018577][bookmark: _Toc79942031][bookmark: _Toc79942338][bookmark: _Toc79942645][bookmark: _Toc79942953][bookmark: _Hlk12276631]4.5.6.1 Observed histopathological changes.
The histopathological plates below show the effects of oral administration of various doses of Mupal® suspension on body organs, including the liver, lungs, spleen, kidney, and heart. Brain of rats dosed with 500 and 1000 mg/kg showed gliosis and neuronal degeneration (Figure 4.15 F & G). The findings illustrate the absence of lesions in most organs other than the brain at high doses of Mupal® suspension.
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[bookmark: _Toc74490140][bookmark: _Toc79407387][bookmark: _Toc79941719][bookmark: _Toc79942032][bookmark: _Toc79942339][bookmark: _Toc79942646][bookmark: _Toc79942954]Figure 4.15:  The effect on the kidneys, liver, and brain of a rat dosed with 500 mg/kg of Mupal® suspension.
(A, B, C) Kidney. No lesions to suggest toxicity was observed
(D, E) Liver. No lesions to suggest toxicity were observed
[bookmark: _Toc35187666](F, G) Brain. Showing focal glial nodules (wide arrow) and local degeneration of neurons (narrow arrow)  
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[bookmark: _Toc35187667][bookmark: _Toc74490141][bookmark: _Toc79407388][bookmark: _Toc79941720][bookmark: _Toc79942033][bookmark: _Toc79942340][bookmark: _Toc79942647][bookmark: _Toc79942955]Figure 4.16: The effect on the testicles, lungs, spleen and the heart of rats dosed with 1000 mg/kg of Mupal® suspension. No lesions were observed to suggest toxicity. 
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[bookmark: _Ref68024767][bookmark: _Toc79407389][bookmark: _Toc35187669][bookmark: _Toc74490142][bookmark: _Toc79941721][bookmark: _Toc79942034][bookmark: _Toc79942341][bookmark: _Toc79942648][bookmark: _Toc79942956]Figure 4.17: The Effect on spleen, liver, kidney, lungs, heart and intestines; of a rat dosed with 2000 mg/kg of Mupal® suspension. They show no pathological lesions to suggest toxicity. 
[bookmark: _Toc514830630][bookmark: _Toc514831441][bookmark: _Toc14194316][bookmark: _Toc35244059][bookmark: _Toc75018579][bookmark: _Toc79407271][bookmark: _Toc79942035][bookmark: _Toc79942342][bookmark: _Toc79942649][bookmark: _Toc79942957]4.6 Toxicity of Mupal® Suspension in rats
[bookmark: _Toc68168458][bookmark: _Toc68180874][bookmark: _Toc68737427][bookmark: _Toc68811402][bookmark: _Toc68811629][bookmark: _Toc68812721][bookmark: _Toc68874984][bookmark: _Toc69252344][bookmark: _Toc69295536][bookmark: _Toc72870101][bookmark: _Toc72870969][bookmark: _Toc72871833][bookmark: _Toc72872697][bookmark: _Toc72873560][bookmark: _Toc73117300][bookmark: _Toc73125539][bookmark: _Toc73173673][bookmark: _Toc73187908][bookmark: _Toc73188078][bookmark: _Toc73188248][bookmark: _Toc73188418][bookmark: _Toc74687817][bookmark: _Toc74856914][bookmark: _Toc75018409][bookmark: _Toc75018580][bookmark: _Toc74490806][bookmark: _Toc74490980][bookmark: _Toc77617658][bookmark: _Toc79171945][bookmark: _Toc79274867][bookmark: _Toc79407272][bookmark: _Toc14194317][bookmark: _Toc35244060]
[bookmark: _Toc68168459][bookmark: _Toc68180875][bookmark: _Toc68737428][bookmark: _Toc68811403][bookmark: _Toc68811630][bookmark: _Toc68812722][bookmark: _Toc68874985][bookmark: _Toc69252345][bookmark: _Toc69295537][bookmark: _Toc72870102][bookmark: _Toc72870970][bookmark: _Toc72871834][bookmark: _Toc72872698][bookmark: _Toc72873561][bookmark: _Toc73117301][bookmark: _Toc73125540][bookmark: _Toc73173674][bookmark: _Toc73187909][bookmark: _Toc73188079][bookmark: _Toc73188249][bookmark: _Toc73188419][bookmark: _Toc74687818][bookmark: _Toc74856915][bookmark: _Toc75018410][bookmark: _Toc75018581][bookmark: _Toc74490807][bookmark: _Toc74490981][bookmark: _Toc77617659][bookmark: _Toc79171946][bookmark: _Toc79274868][bookmark: _Toc79407273]
[bookmark: _Toc75018582][bookmark: _Toc79407274][bookmark: _Toc79942036][bookmark: _Toc79942343][bookmark: _Toc79942650][bookmark: _Toc79942958]4.6.1 Results of sub-acute toxicity of Mupal® suspension 
Weight changes are an essential parameter in drug toxicity investigations. Mu – Mupal® Suspension
Figure 4.18 illustrates the weight changes that occurred after the administration of Mupal® suspension at different dose levels for 28 days. The figures indicate that the administration of different doses of Mupal® suspension did not significantly change the weight of the animals over the 28 days (Figure 4.18 and Figure 4.19).
[bookmark: _Toc14194318][bookmark: _Toc35244061][bookmark: _Toc75018583][bookmark: _Toc79407275][bookmark: _Toc79942037][bookmark: _Toc79942344][bookmark: _Toc79942651][bookmark: _Toc79942959]4.6.2 Bodyweight changes at different doses of Mupal® suspension during a 28-day experimental period. 
[bookmark: _Toc499430533][image: ]
[bookmark: _Ref10956832][bookmark: _Toc14194474][bookmark: _Toc35187670]Mu – Mupal® Suspension
[bookmark: _Ref79272562][bookmark: _Toc74490144][bookmark: _Toc79407390][bookmark: _Toc79941725][bookmark: _Toc79942038][bookmark: _Toc79942345][bookmark: _Toc79942652][bookmark: _Toc79942960][bookmark: _Ref5381094][bookmark: _Ref5381102][bookmark: _Ref5381120][bookmark: _Toc5378243][bookmark: _Toc5446138][bookmark: _Ref5381182]Figure 4.18: Effect of 250, 500, and 1000 mg/kg of Mupal® suspension on live body weight in rats after 28 days experimental period
The results revealed no significant difference in the weight of the rats between Mupal® suspension at 250, 500, and 1000 mg/kg suspension and the control. 

[bookmark: _Ref69293131][bookmark: _Toc74490145][bookmark: _Toc79407391][bookmark: _Toc79941726][bookmark: _Toc79942039][bookmark: _Toc79942346][bookmark: _Toc79942653][bookmark: _Toc79942961]Figure 4.19: Effect of Mupal® suspension on feeds consumed by rats
The results in Figure 4.19 showed no significant change in the feeds consumed between the control and the test drug over the 28 days. It indicates no evidence of sub-acute toxicity of Mupal® suspension over the experimental period with the ANOVA analysis on weight change.
[bookmark: _Toc35244062][bookmark: _Toc75018584][bookmark: _Toc79407276][bookmark: _Toc79942040][bookmark: _Toc79942347][bookmark: _Toc79942654][bookmark: _Toc79942962]4.7 Changes in animal feed consumption with the administration of Mupal® suspension.
The result in Figure 4.20 shows the feed consumption of Mupal® suspension at doses 250, 500, and 1000 mg/kg from day 0 to day 28. It indicates that the feeding patterns did change significantly over the different doses through the 28 days compared to the control. (p-0.009) This would suggest that Mupal® suspension affected feed consumption in the rats. 

[bookmark: _Ref68869946][bookmark: _Toc74490146][bookmark: _Toc79407392][bookmark: _Toc79941728][bookmark: _Toc79942041][bookmark: _Toc79942348][bookmark: _Toc79942655][bookmark: _Toc79942963]Figure 4.20: Trends in the Feed Consumed by Group
Figure 4.20 shows the changes in the feed consumed over 28 days. It indicates that food consumption significantly decreased in the dose range administered (p-0.009) compared to the control. This suggests that Mupal® suspension may affect the food consumption of the experimental animals.
[bookmark: _Toc69252349][bookmark: _Toc69295541][bookmark: _Toc72870106][bookmark: _Toc72870974][bookmark: _Toc72871838][bookmark: _Toc72872702][bookmark: _Toc72873565][bookmark: _Toc69252350][bookmark: _Toc69295542][bookmark: _Toc72870107][bookmark: _Toc72870975][bookmark: _Toc72871839][bookmark: _Toc72872703][bookmark: _Toc72873566][bookmark: _Toc69252351][bookmark: _Toc69295543][bookmark: _Toc72870108][bookmark: _Toc72870976][bookmark: _Toc72871840][bookmark: _Toc72872704][bookmark: _Toc72873567][bookmark: _Toc69252352][bookmark: _Toc69295544][bookmark: _Toc72870109][bookmark: _Toc72870977][bookmark: _Toc72871841][bookmark: _Toc72872705][bookmark: _Toc72873568][bookmark: _Toc69252353][bookmark: _Toc69295545][bookmark: _Toc72870110][bookmark: _Toc72870978][bookmark: _Toc72871842][bookmark: _Toc72872706][bookmark: _Toc72873569][bookmark: _Toc69252354][bookmark: _Toc69295546][bookmark: _Toc72870111][bookmark: _Toc72870979][bookmark: _Toc72871843][bookmark: _Toc72872707][bookmark: _Toc72873570][bookmark: _Toc69252355][bookmark: _Toc69295547][bookmark: _Toc72870112][bookmark: _Toc72870980][bookmark: _Toc72871844][bookmark: _Toc72872708][bookmark: _Toc72873571][bookmark: _Toc69252356][bookmark: _Toc69295548][bookmark: _Toc72870113][bookmark: _Toc72870981][bookmark: _Toc72871845][bookmark: _Toc72872709][bookmark: _Toc72873572][bookmark: _Toc69252357][bookmark: _Toc69295549][bookmark: _Toc72870114][bookmark: _Toc72870982][bookmark: _Toc72871846][bookmark: _Toc72872710][bookmark: _Toc72873573][bookmark: _Toc35244063][bookmark: _Toc75018585][bookmark: _Toc79407277][bookmark: _Toc79942042][bookmark: _Toc79942349][bookmark: _Toc79942656][bookmark: _Toc79942964]4.8 Clinical signs of toxicity with the administration of Mupal® Suspension.
The clinical signs of toxicity for the study period, including diarrhea, vomiting, and mobility/movement, were evaluated for each rat daily. All the parameters were essentially normal other than diarrhea that was experienced across the various doses. 
[bookmark: _Toc79407349][bookmark: _Toc79941730][bookmark: _Toc79942043][bookmark: _Toc79942350][bookmark: _Toc79942657][bookmark: _Toc79942965][bookmark: _Hlk69200349]Table 4.17: Summary of clinical findings after administering various doses of Mupal® suspension over the 38 days.
	GROUP
	A
	B
	C
	D

	Dose mg/kg of Mupal® suspension
	0
	250
	500
	1000

	Number of rats observed
	12
	8
	8
	12

	Mobility score
	All good
	All good
	All good
	All good

	Urination (throughout the study)
	All Normal
	All Normal
	All Normal
	All Normal

	Diarrhea (Number affected)
	7
	1
	6
	12

	Vomiting
	None
	None
	None
	none



Table 4.17 shows the clinical signs observed during the experimental period. The results revealed that Mupal® suspension did not cause any adverse reactions. However, all experienced diarrhea during the dosing period of 28 days and a reversal period. It was noted that the diarrhea was not dose-dependent because all rats experienced diarrhea regardless of the dose of the drug. 
[bookmark: _Toc79407278][bookmark: _Toc79942044][bookmark: _Toc79942351][bookmark: _Toc79942658][bookmark: _Toc79942966][bookmark: _Toc35244064][bookmark: _Toc14194321][bookmark: _Toc75018586]4.9 Histopathological changes with the administration of various doses of Mupal® suspension over 28 and an observation period of 10 days for the lowest and highest dose. 
Histopathological findings are illustrated in Figure 4.21. There were no significant lesions at all dose levels of Mupal®. A few non-specific lesions such as congestions in the liver and the kidneys at a dose of 1000 mg/kg were not linked to the treatment since they also occurred in control animals. 
Micrographs showing clinical toxicities on sub-acute use of Mupal® suspension
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[bookmark: _Ref79153303][bookmark: _Toc79407393][bookmark: _Toc79941732][bookmark: _Toc79942045][bookmark: _Toc79942352][bookmark: _Toc79942659][bookmark: _Toc79942967]Figure 4.21: The Effect on the intestines, liver, kidney, spleen, and testis of a rat dosed with 250 and 1000 mg/kg of Mupal® suspension. 
(A, B, C) Intestines, dosed with 250 mg/kg of Mupal® suspension.  Showing intact epithelial cells (A, B, C) and Peyer’s patches (A) that are well-populated with lymphocytes all of which are consistent with the absence of any lesions
(D) liver dosed with 1000 mg/kg of Mupal® suspension. Showing moderate congestions.
(E) Kidney, dosed with 1000 mg/kg of Mupal® suspension. showing some congestions.
(F) Spleen, dosed with 2000 mg/kg Mupal® suspension. showing well-populated lymphoid follicles and intact red pulp that are consistent with the absence of lesions
(G) Kidney, dosed with 250 mg/Kg Mupal® suspension. showing tubules lined by intact epithelium and glomeruli that are of normal structure which is consistent with the absence of lesions
[bookmark: _Toc35187677](H) Testis, dosed with 250 mg/Kg Mupal® suspension, showing regularly arranged seminiferous tubules that are lined by normal seminiferous epithelium and well-structured interstitial spaces that are populated by a regular population of Leydig cells, which are consistent with the absence of lesions. 
[bookmark: _Toc14194322][bookmark: _Toc35244065][bookmark: _Toc75018587][bookmark: _Toc79407279][bookmark: _Toc79942046][bookmark: _Toc79942353][bookmark: _Toc79942660][bookmark: _Toc79942968]4.10 Changes in Biochemical and Hematological parameters with the use of various doses of Mupal® suspension for 38 days 
[bookmark: _Toc514830642][bookmark: _Toc35244066][bookmark: _Toc514831453][bookmark: _Toc14194323][bookmark: _Toc75018588][bookmark: _Toc79942047][bookmark: _Toc79942354][bookmark: _Toc79942661][bookmark: _Toc79942969]4.10.1 Results on Urine volume, specific gravity, and pH. 
Table 4.18 shows the effect of different doses of Mupal® suspension on urine parameters within the experimental phases. It indicates no significant difference in urine mean urine volume, PH, and Specific gravity during 14,28,38 days(p>0.05).
[bookmark: _Toc75099513][bookmark: _Toc79407350]

[bookmark: _Toc79941735][bookmark: _Toc79942048][bookmark: _Toc79942355][bookmark: _Toc79942662][bookmark: _Toc79942970]Table 4.18: The effect of different doses of Mupal® suspension on urine volume, pH, and specific gravity in rats. 
	Parameter
	Group
	n
	Mean
	Std Error
	95% CI
	

	
	
	
	
	
	Upper Bound
	P-value

	Total Urine vol. (ml)
	Control
	3
	1.600
	1.351
	2.111
	 

	
	250 mg/kg of Mupal® suspension
	2
	1.600
	1.400
	19.389
	0.465

	
	500 mg/kg of Mupal® suspension
	2
	1.240
	1.060
	1.002
	

	
	1000 mg/kg of Mupal® suspension
	3
	1.433
	1.067
	1.720
	 

	Mean urine vol. (ml)
	Control
	3
	1.185
	1.123
	1.713
	 

	
	250 mg/kg of Mupal® suspension
	2
	1.525
	1.475
	6.561
	0.500

	
	500 mg/kg of Mupal® suspension
	2
	1.073
	1.028
	1.422
	

	
	1000 mg/kg of Mupal® suspension
	3
	1.150
	1.052
	1.374
	 

	pH
	Control
	3
	6.333
	1.333
	7.768
	 

	
	250 mg/kg of Mupal® suspension
	2
	7.000
	0.000
	7.000
	

	
	500 mg/kg of Mupal® suspension
	2
	7.000
	1.000
	19.706
	0.245

	
	1000 mg/kg of Mupal® suspension
	3
	8.000
	1.577
	10.484
	 

	S. G
	Control
	3
	1.018
	1.007
	1.050
	 

	
	250 mg/kg of Mupal® suspension
	2
	1.018
	1.008
	1.113
	0.921

	
	500 mg/kg of Mupal® suspension
	2
	1.023
	1.003
	1.054
	

	
	1000 mg/kg of Mupal® suspension
	3
	1.017
	1.004
	1.036
	 


pH: Acidity or alkalinity	 S.G: Specific gravity	
Table 4.18 shows urinalysis results after administration of Mupal® suspension at doses 250, 500, and 1000 mg/kg over 38 days. The tables indicate that there were no significant changes throughout the different phases (14, 28, 38 days) and dose range of Mupal® suspension (250,500 and 1000mg/kg) in mean urine volume, PH, and specific (gravity p>0.05). 
[bookmark: _Toc72870119][bookmark: _Toc72870987][bookmark: _Toc72871851][bookmark: _Toc72872715][bookmark: _Toc72873578][bookmark: _Toc72870120][bookmark: _Toc72870988][bookmark: _Toc72871852][bookmark: _Toc72872716][bookmark: _Toc72873579][bookmark: _Toc72870121][bookmark: _Toc72870989][bookmark: _Toc72871853][bookmark: _Toc72872717][bookmark: _Toc72873580][bookmark: _Toc68874993][bookmark: _Toc69252362][bookmark: _Toc69295554][bookmark: _Toc72870122][bookmark: _Toc72870990][bookmark: _Toc72871854][bookmark: _Toc72872718][bookmark: _Toc72873581][bookmark: _Toc68874994][bookmark: _Toc69252363][bookmark: _Toc69295555][bookmark: _Toc72870123][bookmark: _Toc72870991][bookmark: _Toc72871855][bookmark: _Toc72872719][bookmark: _Toc72873582][bookmark: _Toc68874995][bookmark: _Toc69252364][bookmark: _Toc69295556][bookmark: _Toc72870124][bookmark: _Toc72870992][bookmark: _Toc72871856][bookmark: _Toc72872720][bookmark: _Toc72873583][bookmark: _Toc35244067][bookmark: _Toc75018589][bookmark: _Toc79407280][bookmark: _Toc79942049][bookmark: _Toc79942356][bookmark: _Toc79942663][bookmark: _Toc79942971][bookmark: _Hlk34808508]4.11 Changes in biochemical parameters in rats administered with various doses of Mupal® suspension for 38 days
Table 4.19 summarizes the effects of Mupal® suspension (250, 500, and 1000 mg/kg) on various biochemical parameters over 28 days experimental period. It reveals that the drug's different biochemical markers were not significantly affected (p>0.05) except creatinine, glucose, and the total proteins compared to the control group. 
[bookmark: _Ref69248747][bookmark: _Toc75099514][bookmark: _Toc79407351][bookmark: _Toc79941737][bookmark: _Toc79942050][bookmark: _Toc79942357][bookmark: _Toc79942664][bookmark: _Toc79942972]Table 4.19: Effect of Mupal® suspension on various biochemical parameters in rats in 28 day acute phase study
	
	
	Mupal® suspension

	Biomarkers
	Control Group
	62.5 mg/Kg (low dose)
	250 mg/Kg (moderate dose)
	1000 mg/Kg (high dose)

	14th day of the experimental period

	K mmol/L
	4.88 ± 1.67
	4.38 ± 1.74
	3.72 ± 0.76
	3.33 ± 0.22

	Na mmol/L
	145.45 ± 3.61
	143.07 ±7.19
	148.18 ± 1.80
	144.75 ± 0.78

	Creat µmol/L
	68.00 ± 7.07
	83.00 ± 28.62
	74.50 ± 15.50
	74.50 ± 9.19

	BUN mmol/L
	5.65 ± 1.06
	6.30 ± 0.36
	10.90 ± 4.22
	7.90 ± 4.38

	TP G/L
	50.50 ± 12.02
	56.67 ± 3.79
	53.75 ± 5.32
	55.00 ± 1.41

	ALB G/L
	25.00 ± 2.83
	30.33 ± 1.15
	24.75 ± 3.86
	28.00 ± 1.41

	Ca mmol/L
	1.45 ± 0.92
	2.00 ± 0.10
	1.80 ± 0.12
	1.90 ± 0.00

	P mmol/L
	2.23 ± 0.11
	2.29 ± 0.75
	1.88 ± 0.29
	2.04 ± 0.37

	GLU mmol/L
	5.85 ± 0.49
	4.77 ± 4.18
	6.85 ± 0.07
	6.85 ± 0.07

	28th day of the experimental period

	K mmol/L
	4.10 ± 0.35
	3.83 ± 0.46
	3.83 ± 0.49
	4.10 ± 0.36

	Na mmol/L
	147.25 ± 2.50
	144.75 ± 2.36
	140.25 ± 3.20*
	143.5 ± 2.08

	Creat µmol/L
	64.75 ± 4.99
	72.25 ± 3.59*
	63.50 ± 1.91
	72.75 ± 2.63*

	BUN mmol/L
	7.55 ± 1.00
	7.28 ± 0.25
	6.18 ± 1.41
	7.65 ± 2.38

	TP G/L
	60.75 ± 5.38
	58.75 ± 3.86
	57.25 ± 3.85
	61.25 ± 3.86

	ALB G/L
	24.25 ± 1.71
	23.00 ± 3.16
	24.00 ± 1.41
	23.25 ± 2.22

	Ca mmol/L
	2.38 ± 0.05
	2.35 ± 0.13
	2.25 ± 0.06
	2.35 ± 0.06

	P mmol/L
	1.90 ± 0.36
	2.38 ± 0.29
	2.13 ± 0.13
	2.30 ± 0.24

	GLU mmol/L
	7.15 ±0.76
	10.55 ± 2.71
	9.18 ± 1.98
	11.50 ± 1.30*

	38th day of the experimental period 

	K mmol/L
	3.95 ± 0.57
	
	
	3.18 ± 0.34

	Na mmol/L
	145.25 ± 1.89
	
	
	146.00 ± 1.41

	Creat µmol/L
	64.00 ± 5.35
	
	
	67.00 ± 6.22

	BUN mmol/L
	4.90 ± 0.50
	
	
	6.05 ± 0.70*

	TP G/L
	59.50 ± 2.38
	
	
	63.75 ± 1.89*

	ALB G/L
	25.50 ± 1.29
	
	
	24.00 ± 2.16

	Ca mmol/L
	2.28 ± 0.05
	
	
	2.35 ± 0.10

	P mmol/L
	2.09 ± 0.10
	
	
	1.88 ± 0.29

	GLU mmol/L
	7.18 ± 1.31
	
	
	6.38 ± 0.51


*p < 0.05 vs control group (values are in means ± SD)
K – Potassium, ALB -Albumin, BUN – Blood Urea Nitrogen, Ca-Calcium, CREAT – Creatinine, GLU-Glucose,	 Glu – Glucose, Na - Sodium, P – Phosphorous, TP- Total Proteins	
Table 4.19 shows the effect of various doses of Mupal® suspension on biochemistry parameters. It reveals no significant changes in the majority of the biomarkers compared to the control group. However, the levels of creatinine (Creat) total proteins (TP) and glucose (GLU) were increased statistically (p < 0.05) in moderate- and high doses of Mupal® suspension as compared with control in the experimental period. 
[bookmark: _Toc75018590][bookmark: _Toc79407281][bookmark: _Toc79942051][bookmark: _Toc79942358][bookmark: _Toc79942665][bookmark: _Toc79942973]4.12 Changes in biochemical parameters with the use of various doses of Mupal® suspension for 38 days.
[bookmark: _Toc75018591][bookmark: _Toc79407282][bookmark: _Toc79942052][bookmark: _Toc79942359][bookmark: _Toc79942666][bookmark: _Toc79942974]4.12.1 Results of liver function parameters with the use of various doses of Mupal® suspension for 38 days
The liver performs several functions in the body, which may be catabolic or regulatory. All these are essential for life. Therefore, liver function tests are used in combination and based on substances produced or metabolized in the liver. Substances synthesized include albumin and coagulation factors, while substances metabolized include drugs, bilirubin, cholesterol, and triglycerides.
Table 4.20 compares various liver function tests in control (where only water was given) and Mupal® suspension-treated animals at 250, 500, and 1000 mg/kg dosages levels. The results indicate that Mupal® suspension did not cause significant differences between the liver parameters measured in the control animals and those treated with Mupal® suspension at doses of 250 mg/ 500 mg/ 1000 mg/kg Table 4.19 A further comparison of the same parameter through the 3 phases of the investigations (day 14,28,38) indicated that only the total bilirubin and alanine aminotransferase differed significantly from the control. 
[bookmark: _Ref69248821][bookmark: _Toc75099515][bookmark: _Toc79407352][bookmark: _Toc79941740][bookmark: _Toc79942053][bookmark: _Toc79942360][bookmark: _Toc79942667][bookmark: _Toc79942975][bookmark: _Hlk72868337]Table 4.20: Effect of Mupal® suspension on liver function tests.
	
	
	Mupal® suspension

	Biomarkers
	Control Group
	62.5 Mg/Kg (low dose)
	250mg/Kg (moderate dose)
	1000mg/Kg (high dose)

	14th day of the experimental period

	T-BIL µmol/L
	
	19.67 ± 22.81
	7.00 ± 3.56
	6.50 ±0.71

	D-BIL µmol/L
	
	14.67 ± 15.89
	4.50 ± 3.11
	4.00 ± 0.00

	AST U/L
	194.50 ± 16.50
	152.00 ± 68.35
	165.00 ± 62.41
	172.50 ± 41.72

	ALT U/L
	90.00 ± 19.80
	108.67 ± 20.13
	70.25 ± 35.62
	79.50 ± 0.71

	ALP U/L
	331.00 ± 151.32
	232.00 ± 65.82
	285.25 ± 121.26
	309.00 ± 69.30

	GGT U/L
	56.00
	57.50 ± 17.68
	22.25 ± 31.34
	5.50 ± 0.71

	28th day of the experimental period

	T-BIL µmol/L
	36.75 ± 8.96
	32.75 ± 8.26
	35.75 ±6.02
	33.25 ± 3.10

	D-BIL µmol/L
	6.75 ±0.96
	6,75 ± 1.50
	6.25 ± 2.75
	5.50 ± 1.29

	AST U/L
	158.25 ± 22.98
	177.25 ± 18.25
	167.75 ± 7.68
	174.25 ± 30.78

	ALT U/L
	120.25 ± 14.97
	144.25 ± 25.10
	141.50 ± 14.66
	127.25 ± 25.90

	ALP U/L
	320.25 ± 69.50
	243.25 ± 109.50
	317.25 ±74.90
	404.00 ± 130.01

	GGT U/L
	3.75 ± 2.75
	5.75 ± 5.56
	3.75 ±0.96
	3.00 ± 2.16

	38th day of the experimental period 

	T-BIL µmol/L
	36.00 ± 15.47
	
	
	38.50 ± 8.54

	D-BIL µmol/L
	6.75 ± 4.50
	
	
	6.5 ± 0.96

	AST U/L
	158.50 ± 22.50
	
	
	153.00 ± 5.60

	ALT U/L
	88.75 ± 14.95
	
	
	104.50 ± 18.93

	ALP U/L
	196.50 ± 55.05
	
	
	210.50 ± 76.72

	GGT U/L
	3.00 ± 0.82
	
	
	7.50 ± 3.32*


*p < 0.05 vs control group
KEY: T-BIL:	Total bilirubin, D-BIL: Direct bilirubin, GGT: γ Glutamyl transferase
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase 
ALP: Alkaline phosphatases,		
Table 4.20 shows the effect on liver enzymes after administration of Mupal® suspension (250, 500, and 1000 mg/kg) on various liver enzymes over a 38 days experimental period. It reveals that the various liver function tests were not significantly affected by the drug (p>0.05) except GGT compared to the control group. However, the levels of GGT were statistically increased (p < 0.05) in a high dose of Mupal® suspension compared with control on the 38th day of the experimental period.
[bookmark: _Toc75018592][bookmark: _Toc79407283][bookmark: _Toc79942054][bookmark: _Toc79942361][bookmark: _Toc79942668][bookmark: _Toc79942976]4.12.2 Results on changes in hematological parameters with the use of various doses of Mupal® suspension for 38 days
Hematological parameters relate to blood and its components such as white blood cells, red blood cells, platelets, and hemoglobin. These are very highly regulated, and any values outside the normal range have clinical implications. 
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[bookmark: _Toc79941742][bookmark: _Toc79942055][bookmark: _Toc79942362][bookmark: _Toc79942669][bookmark: _Toc79942977][bookmark: _Hlk72868408]Table 4.21: Hematological values of rats in the control group and Mupal® suspension-treated group.
	
	
	Mupal® suspension

	Biomarkers
	Control Group
	62.5 mg/Kg 
(low dose)
	250 mg/Kg (moderate dose)
	1000 mg/Kg (high dose)

	14th day of the experimental period

	Hb g/dl
	6.82 ± 4.89
	10.24 ± 2.20
	12.73 ± 1.38
	6.12 ± 5.40

	RBC (x10^6/ul)
	3.23 ± 2.37
	5.06 ± 0.97
	5.78 ± 0.58
	2.90 ± 2.59

	HCT %
	19.76 ± 14.24
	30.10 ± 6.50
	35.27 ± 1.07
	18.08 ± 15.87

	MCV fl
	59.20 ± 1.65
	61.30 ± 4.83
	63.00 ± 1.41
	61.05 ± 2.83

	MCH pg
	21.37 ± 0.71
	20.17 ±0.60
	20.73 ± 1.32
	21.25 ± 0.35

	MCHC g/dl
	34.90 ± 1.01
	34.07 ± 0.61
	33.80 ± 1.18
	33.75 ± 0.21

	PLT (x10^3/ul
	57.17 ± 46.55
	435.33 ± 164.41
	612.33 ± 184.94*
	203.15 ± 265.66

	28th day of the experimental period

	Hb g/dl
	13.30 ± 0.75 
	11.75 ± 0.93
	12.05 ± 1.45
	10.92 ± 2.06

	RBC (x10^6/ul)
	6.55 ±0.37
	5.66 ± 0.46
	5.57 ± 0.56
	5.61 ± 1.33

	HCT %
	38.53 ± 1.36
	34.05 ± 2.49
	34.30 ± 3.70
	32.98 ± 6.83

	MCV fl
	58.90 ± 2.55
	60.25 ± 2.44
	61.53 ± 1.80
	59.98 ± 2.36

	MCH pg
	20.30 ± 0.70
	20.78 ± 1.28
	21.60 ± 0.85
	19.93 ± 3.38

	MCHC g/dl
	34.45 ± 1.26
	34.50 ± 0.78
	35.08 ± 0.46
	33.50 ± 4.46

	PLT (x10^3/ul
	431.00 ± 200.61
	509.75 ± 215.89
	438.25 ± 261.69
	401.50 ± 180.10

	38th day of the experimental period 

	Hb g/dl
	12.93 ± 2.10
	
	
	13.95 ± 0.54

	RBC (x10^6/ul)
	6.35 ± 0.95
	
	
	6.85 ± 0.48

	HCT %
	37.88 ±5.79
	
	
	40.93 ± 2.23

	MCV fl
	59.90 ± 0.77
	
	
	59.75 ± 1.02

	MCH pg
	20.35 ± 0.39
	
	
	20.40 ± 0.65

	MCHC g/dl
	34.00 ± 0.76
	
	
	34.10 ± 0.69

	PLT (x10^3/ul
	364.25 ± 0.69
	
	
	647.75 ± 10.90


*p < 0.05 vs control group (value means ± SD)
KEY: RBCs -	Red Blood Cells, HCT - Hematocrit,	MCV -	Mean Corpuscular Volume, MCH -Mean Corpuscular Hemoglobin, PLT-Platelets, Hgb - Hemoglobin
MCHC- Mean Corpuscular Hemoglobin concentration


Table 4.21 shows the effect on hematological parameters after administration of Mupal® suspension (62.5, 250, and 1000 mg/kg) over a 38 days experimental period. It reveals that the various hematological biomarkers were not significantly affected by the drug (p>0.05) except: HB, RBC and HCT and which increased proportionately at doses 62.5 and 250 mg/kg in the 14 day period and PT (platelets) which doubled in the 38 day phase of the study as compared to the control group. 
Table 4.21 shows the effect of Mupal® suspension on the hematological parameters and compares that with the control. Hematological results on the use of Mupal® suspension at doses of 250 mg/kg, 500 mg/kg, and 1000 mg/kg over 14 28 and 38 days show that the blood parameters were not significantly affected the use of the Mupal® suspension.
All the relative biomarkers, such as hemoglobin (Hb), red blood cells (RBC), hematocrit (HCT), mean corpuscular volume (MCV), and mean corpuscular hemoglobin concentration (MCHC), were not statistically changed between the Mupal® suspension-treated groups and the control group. However, PLT levels on the 14th day of the experimental period were statistically (p < 0.05) changed in relation to the control group. The platelets decreased as compared to the control in a dose-dependent manner. In particular, the change was statistically realized in the moderate-dose group.
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Lipids are a diverse group of organic compounds that play an essential part in the body by producing hormones and energy to drive various body processes. They are classified into triglycerides, steroids, and phospholipids.
Table 4.23 shows the changes in various lipids' levels with the administration of Mupal® suspension (250 mg/kg 500 mg /kg and 1000 mg/kg) in 14,28 and 38 days. The results indicate that all the lipid levels remained comparable with the control and did not differ significantly.
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	Parameter
	Phase
	N
	Mean
	95% CI
	P-Value

	
	
	
	
	Lower Bound
	Upper Bound
	

	TC mmol/L
	14 Days
	4
	1.788
	1.120
	2.456
	

	
	28 Days
	4
	1.740
	1.553
	1.927
	0.966

	
	38 Days
	2
	1.790
	1.663
	1.917
	

	HDL-C mmol/L
	14 Days
	4
	1.125
	.886
	1.364
	

	
	28 Days
	4
	1.290
	1.159
	1.421
	0.063

	
	38 Days
	2
	1.415
	0.335
	2.495
	

	TG mmol/L
	14 Days
	4
	1.450
	-1.065
	1.965
	

	
	28 Days
	4
	1.653
	1.475
	1.830
	0.464

	
	38 Days
	2
	1.500
	1.500
	1.500
	

	LDL U/L
	14 Days
	4
	497.075
	-154.810
	1148.960
	

	
	28 Days
	4
	580.300
	462.973
	697.627
	0.928

	
	38 Days
	2
	560.650
	-2982.475
	4103.775
	


KEY:  TC – Total cholesterol, HDL-C– High-density lipoprotein cholesterol
LDL-C – Low-density lipoprotein cholesterol, TG-Triglycerides
Table 4.22 shows the changes in the levels of various lipids with the administration of Mupal® suspension in 14, 28, and 38 days. The results indicate that all the lipid levels remained comparable with the control and did not differ significantly (P>0.05).
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	Parameter
	Treatment
	n
	Mean
	95% CI
	P-Value

	
	
	
	
	Lower Bound
	Upper Bound
	

	TC mmol/L
	Control
	3
	1.777
	1.714
	1.839
	

	
	250 mg/kg of Mupal® suspension
	2
	1.900
	-1.531
	5.331
	0.365

	
	500 mg/kg of Mupal® suspension
	2
	1.940
	1.432
	2.448
	

	
	1000 mg/kg of Mupal® suspension
	3
	1.560
	0.771
	2.349
	

	HDL-C mmol/L
	Control
	3
	1.220
	0.849
	1.591
	

	
	250 mg/kg of Mupal® suspension
	2
	1.225
	0.907
	1.542
	

	
	500 mg/kg of Mupal® suspension
	2
	1.325
	0.372
	2.278
	0.929

	
	1000 mg/kg of Mupal® suspension
	3
	1.243
	0.556
	1.931
	

	TG mmol/L
	Control
	3
	1.433
	-1.571
	1.437
	

	
	250 mg/kg of Mupal® suspension
	2
	1.700
	-.1189
	1.589
	

	
	500 mg/kg of Mupal® suspension
	2
	1.530
	1.530
	1.530
	0.703

	
	1000 mg/kg of Mupal® suspension
	3
	1.550
	1.335
	1.765
	

	CK U/L
	Control
	3
	2680.867
	-3155.474
	8517.208
	

	
	250 mg/kg of Mupal® suspension
	2
	3738.700
	-11090.712
	18568.112
	

	
	500 mg/kg of Mupal® suspension
	2
	2426.000
	-28399.253
	33251.253
	0.914

	
	1000 mg/kg of Mupal® suspension
	3
	3320.700
	635.162
	6006.238
	

	LDH U/L
	Control
	3
	483.600
	-594.700
	1561.900
	

	
	250 mg/kg of Mupal® suspension
	2
	793.650
	-1764.744
	3352.044
	

	
	500 mg/kg of Mupal® suspension
	2
	602.550
	84.772
	1120.328
	0.51

	
	1000 mg/kg of Mupal® suspension
	3
	395.867
	144.780
	646.953
	



KEY: TC – Total cholesterol, HDL-C– High-density lipoprotein cholesterol
LDH– Lactate dehydrogenase, TG-TriglyceridesTable 4.23 shows the effect of different doses of Mupal® suspension on lipid and CK enzyme parameters. It indicates no significant difference in lipid parameters with the use of Mupal® suspension at doses 250, 500, and 1000 mg/kg over 38 days (p>0.05) compared to the control. 
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In vitro studies refer to biological properties done in a test tube instead of animals or humans. The study investigated the possible activity of Mupal® extracts on clinical isolates of Helicobacter pylori. The purpose of the experiment was to investigate if Mupal® has any anti-bacterial activity against H. pylori. 
[bookmark: _Ref14191165][bookmark: _Toc8056669][bookmark: _Toc14194384]Table 4.24 and Table 4.25 shows that the activity of Mupal® extracts against H. pylori in vitro.
[bookmark: _Ref68089239][bookmark: _Toc35187638][bookmark: _Toc75099519][bookmark: _Toc79407356][bookmark: _Toc79941747][bookmark: _Toc79942060][bookmark: _Toc79942367][bookmark: _Toc79942674][bookmark: _Toc79942982]Table 4.24: Effect of methanolic, ethanolic, and chloroform extract of Mupal® (10 µl) on Helicobacter pylori clinical isolates.
	
	Inhibition zones in mm and judgment

	EXTRACT (10 µl)
	Average
	Remarks

	Methanol
	6
	No activity

	Ethanol
	9.6
	Slight activity

	Chloroform
	7.6
	No activity

	Negative Control (DMSO)
	6
	No activity

	Amoxicillin
	24
	Sensitive

	Clarithromycin
	19
	Sensitive

	Omeprazole
	6.3
	No activity


[bookmark: _Ref14191176][bookmark: _Toc35187639][bookmark: _Toc14194385][bookmark: _Toc8056670]
Table 4.24 shows the effect of methanolic, ethanolic, and chloroform extract of Mupal®. It indicates that Mupal® did not have any activity on the clinical isolates of H. Pylori. 
[bookmark: _Ref68089248][bookmark: _Toc75099520][bookmark: _Toc79407357][bookmark: _Toc79941748][bookmark: _Toc79942061][bookmark: _Toc79942368][bookmark: _Toc79942675][bookmark: _Toc79942983]Table 4.25: Effect of methanolic, ethanolic and chloroform extract of Mupal® (50 µl) on Helicobacter pylori clinical isolates
	
	Inhibition zones in mm and judgment

	EXTRACT (50 µl)
	Average
	Remarks

	Methanol
	15
	Active

	Ethanol
	19.6
	Active

	Chloroform
	11.6
	Active

	Negative Control
	6
	No activity

	Amoxicillin
	24
	sensitive

	Clarithromycin
	19
	Sensitive

	Omeprazole
	6.3
	No activity



Table 4.25 shows the effect of methanolic, ethanolic, and chloroform extract of Mupal®. It indicates that Mupal® did not have any activity on the clinical isolates of H. Pylori. 
[bookmark: _Toc31467934][bookmark: _Toc35244074][bookmark: _Toc75018595][bookmark: _Toc79407286][bookmark: _Toc79942062][bookmark: _Toc79942369][bookmark: _Toc79942676][bookmark: _Toc79942984][bookmark: _Toc14194330][bookmark: _Toc499430562]4.14 Some pharmaceutical control parameters of Mupal® powder
Plants have traditionally been used to treat diseases; however, it has not been known why these traditional treatments act against a wide range of conditions. However, with modern science, it has been established that the action of these plants is due to the presence of phytochemicals. It becomes then necessary to screen the plants both quantitatively and qualitatively. The results indicate the phytochemical profile of Mupal® powder.
[bookmark: _Toc35244075][bookmark: _Toc75018596]

[bookmark: _Toc79407287][bookmark: _Toc79942063][bookmark: _Toc79942370][bookmark: _Toc79942677][bookmark: _Toc79942985]4.15 Phytochemicals in Mupal® powder
[bookmark: _Ref75088597][bookmark: _Toc8056672][bookmark: _Toc35187640][bookmark: _Toc14194386][bookmark: _Toc75099521][bookmark: _Toc79407358][bookmark: _Toc79941751][bookmark: _Toc79942064][bookmark: _Toc79942371][bookmark: _Toc79942678][bookmark: _Toc79942986][bookmark: _Hlk5314688]Table 4.26: phytochemical analysis results for Mupal® powder.
	Group of compounds
	Presence / Absence

	Saponins                              
	+++ (highly present)

	Tannins                                 
	+ (faintly present)

	Flavonoids                            
	++ (moderately present)

	Anthraquinones                
	Absent

	Alkaloids                              
	Absent


Foaming index :<100 
Table 4.26 shows the composition of Mupal®. It indicated that Mupal® has saponins, tannins, and flavonoids                           
[bookmark: _Toc14194331][bookmark: _Toc35244076][bookmark: _Toc75018597][bookmark: _Toc79407288][bookmark: _Toc79942065][bookmark: _Toc79942372][bookmark: _Toc79942679][bookmark: _Toc79942987]4.16 Mupal® powder water content and extractable matter 
The water content and the extractable value of the off-white powder with a characteristic odor were determined. Water content for over 4 hrs at 100 0C – 105 0C indicated that the water content was 9.82% on average, while the extractable ethanol matter was 5.39%.
[bookmark: _Toc69253039][bookmark: _Toc69296231][bookmark: _Toc72870799][bookmark: _Toc72871667][bookmark: _Toc72872531][bookmark: _Toc72873395][bookmark: _Toc72874258][bookmark: _Toc69253040][bookmark: _Toc69296232][bookmark: _Toc72870800][bookmark: _Toc72871668][bookmark: _Toc72872532][bookmark: _Toc72873396][bookmark: _Toc72874259][bookmark: _Toc69253041][bookmark: _Toc69296233][bookmark: _Toc72870801][bookmark: _Toc72871669][bookmark: _Toc72872533][bookmark: _Toc72873397][bookmark: _Toc72874260][bookmark: _Toc69253042][bookmark: _Toc69296234][bookmark: _Toc72870802][bookmark: _Toc72871670][bookmark: _Toc72872534][bookmark: _Toc72873398][bookmark: _Toc72874261][bookmark: _Toc69253043][bookmark: _Toc69296235][bookmark: _Toc72870803][bookmark: _Toc72871671][bookmark: _Toc72872535][bookmark: _Toc72873399][bookmark: _Toc72874262][bookmark: _Toc75018598][bookmark: _Toc79407289]

[bookmark: _Toc79942066][bookmark: _Toc79942373][bookmark: _Toc79942680][bookmark: _Toc79942988]4.17 Determination of particle size
[bookmark: _Ref68073659][bookmark: _Toc35187641][bookmark: _Toc14194387][bookmark: _Toc75099522][bookmark: _Toc79407359][bookmark: _Toc79941754][bookmark: _Toc79942067][bookmark: _Toc79942374][bookmark: _Toc79942681][bookmark: _Toc79942989]Table 4.27. Particle Size analysis of Mupal® and banana powder
	
	Percentage % Remaining on the sieve

	Sieve Size
	Mupal® Powder
	Banana Powder

	355 µm
	14.27
	4.98

	250 µm
	4.71
	3.42

	180 µm
	17.55
	10.71

	150 µm
	1.78
	2.47

	125 µm
	9.11
	7.58

	106 µm
	6.15
	1.27

	below 106 µm
	33.62
	55.71



[bookmark: _Toc35244078][bookmark: _Toc75018599][bookmark: _Toc79407290][bookmark: _Toc79942068][bookmark: _Toc79942375][bookmark: _Toc79942682][bookmark: _Toc79942990]4.18 Thin-layer chromatography (TLC)
Thin Layer Chromatography was to separate nonvolatile mixtures in Mupal® powder. The results in Figure 4.22 And Figure 4.23 show the chromatograms observed.


Thin-layer chromatography of Mupal® extract
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KEY; 
B- Mupal® methanol extract, 			E; -Banana methanol extract, 
C; - Mupal® chloroform extract, 		D; -Banana chloroform extract
Both banana and Mupal® powder macerated with chloroform and methanol indicated that Mupal® powder had more compounds than banana extract in each case. For example, the chloroform extract of Mupal® had at least five distinct compounds, while the banana one had three compounds. The same case was applied to methanol extracts.
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	[bookmark: _Hlk78483343]
	 CHLOROFORM EXTRACT
	  METHANOL EXTRACT

	Sport No.
	Mupal® C
	Banana D
	Mupal® B
	Banana E

	1
	0.14
	0.14
	0.05
	0.62

	2
	0.48
	0.59
	0.33
	0.78

	3
	0.54
	0.73
	0.44
	

	4
	0.62
	
	0.55
	

	5
	0.73
	
	0.6
	

	6
	
	
	0.78
	



Mobile phases for chloroform and methanol extracts were chloroform and chloroform: methanol 90:10, respectively. C =chloroform Mupal extract. D= Banana chloroform extract. B= Mupal methanol extract. E=Banana extract.
Table 4.28 shows the rf values of Mupal® and banana extracts in both chloroform and methanol extracts. 
[bookmark: _Toc79407291][bookmark: _Toc79942072][bookmark: _Toc79942379][bookmark: _Toc79942686][bookmark: _Toc79942994]4.19 Results of HPTLC Densitometry
Ethyl acetate extract (EAE)
The solvent system was able to elute at least six compounds that could be visualized at 400 nm.
The following figures (Figure 4.24 -to- Figure 4.44) indicates HPTLC Profile of ethyl acetate extract of Mupal®
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[bookmark: _Toc75019373][bookmark: _Toc79407396][bookmark: _Toc79941760][bookmark: _Toc79942073][bookmark: _Toc79942380][bookmark: _Toc79942687][bookmark: _Toc79942995]Figure 4.24: Wavelength: 200 nm   X-Position: 40.0 mm
Figure 4.24 Shows the HPTLC of ethyl acetate extract (EAE) of Mupal® at Wavelength 200 nm at X-Position 40.0 mm
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[bookmark: _Toc75019374][bookmark: _Toc79407397][bookmark: _Toc79941761][bookmark: _Toc79942074][bookmark: _Toc79942381][bookmark: _Toc79942688][bookmark: _Toc79942996]Figure 4.25: Wavelength: 220 nm   X-Position: 40.0 mm
Figure 4.25 Shows the HPTLC of EAE of Mupal® at Wavelength 220 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019375][bookmark: _Toc79407398][bookmark: _Toc79941762][bookmark: _Toc79942075][bookmark: _Toc79942382][bookmark: _Toc79942689][bookmark: _Toc79942997]Figure 4.26: Wavelength: 240 nm   X-Position: 40.0 mm
Figure 4.26 Shows the HPTLC of EAE of Mupal® at Wavelength 240 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019376][bookmark: _Toc79407399][bookmark: _Toc79941763][bookmark: _Toc79942076][bookmark: _Toc79942383][bookmark: _Toc79942690][bookmark: _Toc79942998]Figure 4.27: Wavelength: 260 nm X-Position: 40.0 mm
Figure 4.27 Shows the HPTLC of EAE of Mupal® at Wavelength 260 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019377][bookmark: _Toc79407400][bookmark: _Toc79941764][bookmark: _Toc79942077][bookmark: _Toc79942384][bookmark: _Toc79942691][bookmark: _Toc79942999]Figure 4.28: Wavelength: 280 nm   X-Position: 40.0 mm
Figure 4.28 Shows the HPTLC of EAE of Mupal® at Wavelength 280 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019378][bookmark: _Toc79407401][bookmark: _Toc79941765][bookmark: _Toc79942078][bookmark: _Toc79942385][bookmark: _Toc79942692][bookmark: _Toc79943000]Figure 4.29: Wavelength: 300 nm   X-Position: 40.0 mm
Figure 4.29 Shows the HPTLC of EAE of Mupal® at Wavelength 300 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019379][bookmark: _Toc79407402][bookmark: _Toc79941766][bookmark: _Toc79942079][bookmark: _Toc79942386][bookmark: _Toc79942693][bookmark: _Toc79943001]Figure 4.30: Wavelength: 320 nm   X-Position: 40.0 mm
Figure 4.30 Shows the HPTLC of EAE of Mupal® at Wavelength 320 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019380][bookmark: _Toc79407403][bookmark: _Toc79941767][bookmark: _Toc79942080][bookmark: _Toc79942387][bookmark: _Toc79942694][bookmark: _Toc79943002]Figure 4.31: Wavelength: 340 nm   X-Position: 40.0 mm
Figure 4.31 Shows the HPTLC of EAE of Mupal® at Wavelength 340 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019381][bookmark: _Toc79407404][bookmark: _Toc79941768][bookmark: _Toc79942081][bookmark: _Toc79942388][bookmark: _Toc79942695][bookmark: _Toc79943003]Figure 4.32: Wavelength: 360 nm   X-Position: 40.0 mm
Figure 4.32 Shows the HPTLC of EAE of Mupal® at Wavelength 360 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019382][bookmark: _Toc79407405][bookmark: _Toc79941769][bookmark: _Toc79942082][bookmark: _Toc79942389][bookmark: _Toc79942696][bookmark: _Toc79943004]Figure 4.33: Wavelength: 380 nm   X-Position: 40.0 mm
Figure 4.33 Shows the HPTLC of EAE of Mupal® at Wavelength 380 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019383][bookmark: _Toc79407406][bookmark: _Toc79941770][bookmark: _Toc79942083][bookmark: _Toc79942390][bookmark: _Toc79942697][bookmark: _Toc79943005]Figure 4.34: Wavelength: 400 nm   X-Position: 40.0 mm
Figure 4.34 Shows the HPTLC of EAE of Mupal® at Wavelength 400 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019384][bookmark: _Toc79407407][bookmark: _Toc79941771][bookmark: _Toc79942084][bookmark: _Toc79942391][bookmark: _Toc79942698][bookmark: _Toc79943006]Figure 4.35: Wavelength: 420 nm   X-Position: 40.0 mm
Figure 4.35 Shows the HPTLC of EAE of Mupal® at Wavelength 420 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019385][bookmark: _Toc79407408][bookmark: _Toc79941772][bookmark: _Toc79942085][bookmark: _Toc79942392][bookmark: _Toc79942699][bookmark: _Toc79943007]Figure 4.36: Wavelength: 440 nm   X-Position: 40.0 mm
Figure 4.36 Shows the HPTLC of EAE of Mupal® at Wavelength 440 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019386][bookmark: _Toc79407409][bookmark: _Toc79941773][bookmark: _Toc79942086][bookmark: _Toc79942393][bookmark: _Toc79942700][bookmark: _Toc79943008]Figure 4.37: Wavelength: 460 nm   X-Position: 40.0 mm
Figure 4.37 Shows the HPTLC of EAE of Mupal® at Wavelength 460 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019387][bookmark: _Toc79407410][bookmark: _Toc79941774][bookmark: _Toc79942087][bookmark: _Toc79942394][bookmark: _Toc79942701][bookmark: _Toc79943009]Figure 4.38: Wavelength: 480 nm   X-Position: 40.0 mm
Figure 4.38 Shows the HPTLC of EAE of Mupal® at Wavelength 480 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019388][bookmark: _Toc79407411][bookmark: _Toc79941775][bookmark: _Toc79942088][bookmark: _Toc79942395][bookmark: _Toc79942702][bookmark: _Toc79943010]Figure 4.39: Wavelength: 500 nm   X-Position: 40.0 mm
Figure 4.39 Shows the HPTLC of EAE of Mupal® at Wavelength 500 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019389][bookmark: _Toc79407412][bookmark: _Toc79941776][bookmark: _Toc79942089][bookmark: _Toc79942396][bookmark: _Toc79942703][bookmark: _Toc79943011]Figure 4.40: Wavelength: 520 nm   X-Position: 40.0 mm
Figure 4.40 Shows the HPTLC of EAE of Mupal® at Wavelength 520 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019390][bookmark: _Toc79407413][bookmark: _Toc79941777][bookmark: _Toc79942090][bookmark: _Toc79942397][bookmark: _Toc79942704][bookmark: _Toc79943012]Figure 4.41: Wavelength: 540 nm   X-Position: 40.0 mm
Figure 4.41 Shows the HPTLC of EAE of Mupal® at Wavelength 540 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019391][bookmark: _Toc79407414][bookmark: _Toc79941778][bookmark: _Toc79942091][bookmark: _Toc79942398][bookmark: _Toc79942705][bookmark: _Toc79943013]Figure 4.42: Wavelength: 560 nm   X-Position: 40.0 mm
 Figure 4.42 Shows the HPTLC of EAE of Mupal® at Wavelength 560 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019392][bookmark: _Toc79407415][bookmark: _Toc79941779][bookmark: _Toc79942092][bookmark: _Toc79942399][bookmark: _Toc79942706][bookmark: _Toc79943014]Figure 4.43: Wavelength: 580 nm X-Position: 40.0 mm
Figure 4.43 Shows the HPTLC of EAE of Mupal® at Wavelength 580 nm at X-Position 40.0 mm. 
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[bookmark: _Toc75019393][bookmark: _Toc79407416][bookmark: _Toc79941780][bookmark: _Toc79942093][bookmark: _Toc79942400][bookmark: _Toc79942707][bookmark: _Toc79943015]Figure 4.44: Wavelength: 600 nm   X-Position: 40.0 mm
Figure 4.44 Shows the HPTLC of EAE of Mupal® at Wavelength 600 nm at X-Position 40.0 mm. 

Methanolic extract 
Visualization at 280 nm indicated a possible co-elution of compounds towards the solvent front. This suggests that methanol extracted most of the highly polar molecules and that the solvent system needed to be developed further to separate these compounds efficiently.
Visualization at 420 nm revealed three more compounds that were well separated on the TLC plate.
The following figures (Figure 4.45 -to- Figure 4.65) indicates the HPTLC profile of methanolic extract of Mupal®
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[bookmark: _Toc75019394][bookmark: _Toc79407417][bookmark: _Toc79941781][bookmark: _Toc79942094][bookmark: _Toc79942401][bookmark: _Toc79942708][bookmark: _Toc79943016]Figure 4.45: Wavelength: 200 nm   X-Position: 20.0 mm
Figure 4.45 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 200 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019395][bookmark: _Toc79407418][bookmark: _Toc79941782][bookmark: _Toc79942095][bookmark: _Toc79942402][bookmark: _Toc79942709][bookmark: _Toc79943017]Figure 4.46: Wavelength: 220 nm   X-Position: 20.0 mm
Figure 4.46 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 220 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019396][bookmark: _Toc79407419][bookmark: _Toc79941783][bookmark: _Toc79942096][bookmark: _Toc79942403][bookmark: _Toc79942710][bookmark: _Toc79943018]Figure 4.47: Wavelength: 240 nm   X-Position: 20.0 mm
Figure 4.47 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 240 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019397][bookmark: _Toc79407420][bookmark: _Toc79941784][bookmark: _Toc79942097][bookmark: _Toc79942404][bookmark: _Toc79942711][bookmark: _Toc79943019]Figure 4.48: Wavelength: 260 nm   X-Position: 20.0 mm
Figure 4.48 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 260 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019398][bookmark: _Toc79407421][bookmark: _Toc79941785][bookmark: _Toc79942098][bookmark: _Toc79942405][bookmark: _Toc79942712][bookmark: _Toc79943020]Figure 4.49: Wavelength: 280 nm   X-Position: 20.0 mm
Figure 4.49 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 280 nm at X-Position 20.0 mm. 
[image: ]
[bookmark: _Toc75019399][bookmark: _Toc79407422][bookmark: _Toc79941786][bookmark: _Toc79942099][bookmark: _Toc79942406][bookmark: _Toc79942713][bookmark: _Toc79943021]Figure 4.50: Wavelength: 300 nm   X-Position: 20.0 mm
Figure 4.50 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 300 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019400][bookmark: _Toc79407423][bookmark: _Toc79941787][bookmark: _Toc79942100][bookmark: _Toc79942407][bookmark: _Toc79942714][bookmark: _Toc79943022]Figure 4.51: Wavelength: 320 nm   X-Position: 20.0 mm
Figure 4.51 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 320 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019401][bookmark: _Toc79407424][bookmark: _Toc79941788][bookmark: _Toc79942101][bookmark: _Toc79942408][bookmark: _Toc79942715][bookmark: _Toc79943023]Figure 4.52: Wavelength: 340 nm X-Position: 20.0 mm
Figure 4.52 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 340 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019402][bookmark: _Toc79407425][bookmark: _Toc79941789][bookmark: _Toc79942102][bookmark: _Toc79942409][bookmark: _Toc79942716][bookmark: _Toc79943024]Figure 4.53: Wavelength: 360 nm   X-Position: 20.0 mm
Figure 4.53 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 360 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019403][bookmark: _Toc79407426][bookmark: _Toc79941790][bookmark: _Toc79942103][bookmark: _Toc79942410][bookmark: _Toc79942717][bookmark: _Toc79943025]Figure 4.54: Wavelength: 380 nm   X-Position: 20.0 mm
Figure 4.55 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 380 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019404][bookmark: _Toc79407427][bookmark: _Toc79941791][bookmark: _Toc79942104][bookmark: _Toc79942411][bookmark: _Toc79942718][bookmark: _Toc79943026]Figure 4.55: Wavelength: 400 nm   X-Position: 20.0 mm
Figure 4.55 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 400 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019405][bookmark: _Toc79407428][bookmark: _Toc79941792][bookmark: _Toc79942105][bookmark: _Toc79942412][bookmark: _Toc79942719][bookmark: _Toc79943027]Figure 4.56: Wavelength: 420 nm X-Position: 20.0 mm
Figure 4.56 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 420 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019406][bookmark: _Toc79407429][bookmark: _Toc79941793][bookmark: _Toc79942106][bookmark: _Toc79942413][bookmark: _Toc79942720][bookmark: _Toc79943028]Figure 4.57: Wavelength: 440 nm   X-Position: 20.0 mm
Figure 4.57 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 440 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019407][bookmark: _Toc79407430][bookmark: _Toc79941794][bookmark: _Toc79942107][bookmark: _Toc79942414][bookmark: _Toc79942721][bookmark: _Toc79943029]Figure 4.58: Wavelength: 460 nm   X-Position: 20.0 mm
Figure 4.58 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 460 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019408][bookmark: _Toc79407431][bookmark: _Toc79941795][bookmark: _Toc79942108][bookmark: _Toc79942415][bookmark: _Toc79942722][bookmark: _Toc79943030]Figure 4.59: Wavelength: 480 nm   X-Position: 20.0 mm
Figure 4.59 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 480 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019409][bookmark: _Toc79407432][bookmark: _Toc79941796][bookmark: _Toc79942109][bookmark: _Toc79942416][bookmark: _Toc79942723][bookmark: _Toc79943031]Figure 4.60: Wavelength: 500 nm X-Position: 20.0 mm
Figure 4.60 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 500 nm at X-Position 20.0 mm. 
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[bookmark: _Toc75019410][bookmark: _Toc79407433][bookmark: _Toc79941797][bookmark: _Toc79942110][bookmark: _Toc79942417][bookmark: _Toc79942724][bookmark: _Toc79943032]Figure 4.61: Wavelength: 520 nm   X-Position: 20.0 mm
Figure 4.61 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 520 nm at X-Position 20.0 mm
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[bookmark: _Toc75019411][bookmark: _Toc79407434][bookmark: _Toc79941798][bookmark: _Toc79942111][bookmark: _Toc79942418][bookmark: _Toc79942725][bookmark: _Toc79943033]Figure 4.62: Wavelength: 540 nm   X-Position: 20.0 mm
Figure 4.62 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 540 nm at X-Position 20.0 mm
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[bookmark: _Toc75019412][bookmark: _Toc79407435][bookmark: _Toc79941799][bookmark: _Toc79942112][bookmark: _Toc79942419][bookmark: _Toc79942726][bookmark: _Toc79943034]Figure 4.63: Wavelength: 560 nm   X-Position: 20.0 mm
Figure 4.63 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 560 nm at X-Position 20.0 mm
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[bookmark: _Toc75019413][bookmark: _Toc79407436][bookmark: _Toc79941800][bookmark: _Toc79942113][bookmark: _Toc79942420][bookmark: _Toc79942727][bookmark: _Toc79943035]Figure 4.64: Wavelength: 580 nm X-Position: 20.0 mm
Figure 4.64 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 580 nm at X-Position 20.0 mm
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[bookmark: _Toc75019414][bookmark: _Toc79407437][bookmark: _Toc79941801][bookmark: _Toc79942114][bookmark: _Toc79942421][bookmark: _Toc79942728][bookmark: _Toc79943036]Figure 4.65: Wavelength: 600 nm   X-Position: 20.0 mm
Figure 4.65 Shows the HPTLC of methanolic extract of Mupal® at Wavelength 600 nm at X-Position 20.0 mm
[bookmark: _Toc79407292] 4.20 Results for FTIR-ATR
DCM extract
FTIR spectrum with peaks at the following wave numbers was obtained:
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	Wavenumber
(cm-1)
	Inference

	2850 - 3000
	sp3 C-H symmetric and asymmetric stretch

	1733
	C=O stretch from ester

	1374
	Aliphatic CH3 bending (symmetric)

	1243-1170
	Aliphatic C-O stretching


The raw IR spectrum was matched against an inbuilt library of compounds. From the analysis of the peaks, the DCM extract was possibly an ester.
Hexane extract
FTIR spectrum with peaks at the following wave numbers was obtained:
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	Wavenumber
(cm-1)
	Inference

	2850 - 3000
	sp3 C-H symmetric and asymmetric stretch

	1735
	C=O stretch from ester

	1375
	Aliphatic CH3 bending (symmetric)

	1243-1170
	Aliphatic C-O stretching



The raw IR spectrum for the hexane extract was slightly different from the DCM extract. It was also matched against an inbuilt library of compounds. From the analysis of the peaks, the hexane extract was possibly a fatty acid ester, with the library indicating palmitate. Hexane being nonpolar, it’s expected to extract more fats and waxes from the sample.
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[image: ]
[bookmark: _Toc79407439][bookmark: _Toc79941806][bookmark: _Toc79942119][bookmark: _Toc79942426][bookmark: _Toc79942733][bookmark: _Toc79943041]Figure 4.67: XRF spectrum of essential elements only

[bookmark: _Toc79407440][bookmark: _Toc79941807][bookmark: _Toc79942120][bookmark: _Toc79942427][bookmark: _Toc79942734][bookmark: _Toc79943042]Figure 4.68: The elements present in Mupal®
This was only a semi-quantitative analysis, and the counts obtained are only indicative amounts of the selected essential elements in the plant sample. 
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Figure 4.69 shows Mupal® powder with a Shape that is Lenticular with a circular outline.  No Striations were observed, and there is Aggregation of a few compound grains of 2-4 granules, with characteristic clamping attraction.



[bookmark: _Toc75018600][bookmark: _Toc79407295][bookmark: _Toc79942123][bookmark: _Toc79942430][bookmark: _Toc79942737][bookmark: _Toc79943045]CHAPTER FIVE: DISCUSSION
[bookmark: _Toc75018601][bookmark: _Toc79407296][bookmark: _Toc79942124][bookmark: _Toc79942431][bookmark: _Toc79942738][bookmark: _Toc79943046]5.1 Anti-ulcer activity of Mupal® powder 
The present study investigated the anti-ulcer activity and toxicity of Mupal® in a rat model. A previous study has investigated a one-day pretreatment with Mupal® and its acute toxicity (Njogu et al., 2002) using both ethanol and indomethacin-induced ulcer induction models. The preliminary findings reported comparable action to cimetidine and omeprazole on a one-day prophylactic treatment with a single drug and combinations with Mupal®. In the same study, acute toxicological results with very high single dose levels of Mupal® over a 14-day follow-up revealed no adverse clinical outcomes. In addition, earlier case reports (Mwangi et al., 2000) documented 15 successful case histories successfully managed using Mupal® after failure with standard therapies. These two reports gave the impetus to undertake further studies on the efficacy and safety of Mupal®. 
Peptic ulcers are a gastrointestinal disorder that involves a breach in the continuity of the epithelial lining of the stomach or duodenum for more than 5 mm in diameter. It's a chronic disease affecting over 10% of the world's population (Kuna et al., 2019). Prevalence in the developing world is around 80% (Suebaum et al., 2002). In Kenya, studies reveal that the prevalence rate of peptic ulcers in children is at 73.3% compared to adults at 54.8% (Kimang'a et al., 2010). Combination therapy of proton pump inhibitors and antibiotics remains the standard intervention in the management of peptic ulcers (Julio et al., 1998), while resistant cases are managed using Bisthmus compounds. Surgical interventions are used as a last resort in life-threatening and refractory conditions. The pharmacological interventions have been associated with adverse effects, resistance, poor compliance, and multiple drug interactions. (Kuna et al.,2019). The epidemic of antimicrobial resistance has reversed many gains in PUD management (Spellberg et al.,2008). The resistance to a commonly used antibiotic in the standard of care in management is a global emergency that calls for action. PUD, if untreated, can lead to complications like perforations, hemorrhage, and obstruction (Milosavljevic et al., 2011). PUD causes mortality and morbidity, and out of 15000 complications,15 patients may die (Sonnenberg et al., 1996). 
The search for new agents that are efficacious and safe becomes critical to reduce mortality and morbidity caused by PUD. Thus, herbal medicines (HM) could present a new focus and strategy in this area.
There has been an increasing interest in traditional medicine in managing diseases (Kigen et al., 2013, Harrington et al., 2018). The current trend globally focuses on primary health care and universal health care. The role, space, and significance of traditional /complementary medicine in this new shift must be well-thought-out. 
Most of these preparations in use result from empirical observations and anecdotal evidence. The claims made on these preparations that are unregulated pose a danger to a serious illness like PUD. The existence of regulatory gaps and enforcement further aggravates the problem and poses a significant health risk from an efficacy and safety perspective. The need to evaluate and validate existing therapeutic claims using modern scientific methods becomes inevitable, with a significant focus on safety and efficacy.
The induction of ulcers in rats using ethanol is an experimental model that scientists have used for preclinical evaluation of agents with potential action against ulcers (Arab et al., 2015).
Ethanol is a known corrosive chemical, and the preliminary work in this study demonstrated that it could cause substantial ulcerations in the rats. Ethanol injury is believed to be caused by the production of oxygen free radicals leading to increased lipid peroxidation, which causes damage to the cell and cell membrane (Cheeseman et al., 1993).
Pretreatment with Mupal® and omeprazole suspensions aimed to reverse this. The gastric mucosa after corrosion is fully exposed to the physiologically available hydrochloric acid that aggravates the ulceration. However, the results of administration of the Mupal® in the experimentally induced   ulcers suggests more ulceration with omeprazole/ethanol combination than with ethanol/water combination. This, at a glance, was not expected, but it can be postulated that the drugs take time to take effect that could not be measurable within a few hours. Mucosal growth and any other defensive mechanisms that the interventions could provide takes time, and indeed even in conventional medicine for PUD, dosing is recommended for between 4-8 weeks at a minimum. The same explanation applies to Mupal® combinations on the ulcers. The results of the ulcer scores also demonstrated that a combination of Mupal® and omeprazole suspension was not superior to either omeprazole or Mupal® suspension alone in the pretreatment studies.
[bookmark: _Hlk79390224]However, based on the ulcer score comparisons, the administration of Mupal® preparations, omeprazole, and banana for six days caused a reduction in mucosal damage and suggested these treatments reversed the damage caused by ethanol. The study on ulcer score comparison reveals the effectiveness of Mupal® preparations. The results demonstrated that the treatment of ulcers was significantly effective among rats taking 50 mg/kg Mupal® Methanol Extract, 250 mg/Kg Mupal® Water Extract, 500 mg/Kg Mupal Water Extract 1000 mg/Kg Mupal® Water Extract as compared to the control group.
The efficacy of Mupal® is further revealed in the results of the calculated percentage protection. The percentage protection revealed that various Mupal® preparations had higher percentage protection than omeprazole. Indeed, on analysis, there were no significant differences between Mupal®, banana and omeprazole irrespective of the preparation in terms of percentage protection.
Histopathological findings comparing Mupal® preparations (suspension, methanolic extract, and water extract) over the six days showed a progressive reversal of ulcers that was characterized by epithelial proliferation and thickening of the entire mucosa at the ulcerated foci. These findings were also demonstrated using the banana preparations (suspension, methanolic extract, and water extract) and omeprazole, all showing consistency in ulcer healing over the period. This contrasts sharply with the situation in positive control groups, where evidence of ulceration was consistent with loss of epithelium and surface erosions in the mucosa. 
These findings indicate that treatment with banana and Mupal® preparations confers cytoprotective activity which is evident from the histopathological findings.
Further, Mupal® suspension caused the highest reduction in gastric acidity as reflected by low mean total acid values in treated groups. A combination of Mupal® and omeprazole suspension also reduced gastric acidity to a lower extent. Other treatments had no significant effect on gastric acidity. These results suggest that Mupal® could work through an acid-base reaction, and further investigations may be required to prove its specific anti-acid effect. The therapeutic significance of an anti-acid effect of Mupal® is that it would be useful in acute conditions, as happens in periods of high acid secretion associated with epigastric pain.
The results on the comparison of either sex on acid-lowering revealed that overall the males seem to have a higher total acid level than the females. This is very interesting and perhaps has consistency in that females have been known to be stronger and more resilient. Gender-based pharmacokinetic, toxicokinetic, and pharmacodynamic studies could probably give more information and guide appropriate dosing (Gochfeld, 2017). 
Banana methanol extract caused the highest free acid reduction. This effect was followed by the Mupal® suspension and water extract. This supports the one-day study in demonstrating the effectiveness of Mupal® in the acid-lowering effect. 
Omeprazole alone or its combinations was not as effective as Mupal® in lowering gastric acidity. This finding of the combination in terms of the total acid was unusual or unexpected. It may be postulated that omeprazole is known to go through activation being a prodrug and needs to be converted to the sulphenamide derivative. This may require time for action or pharmacological antagonism between the two drugs, and further work may be necessary.
[bookmark: _Hlk74814832]These findings of the effect of Mupal® preparation on acid-lowering, ulcer protection, and histological findings are consistent with work done on plants from natural sources in the management of PUD (Makonnen et al., 2017, Saleh et al., 2017, Akindele et al., 2016). The results also showed a similar but not identical efficacy pattern with the banana preparation. The principal constituent of the Mupal® powder is the banana. The findings further affirm the effect of bananas as an antiulcerogenic agent (Goel et al., 1986, Mukhopadhyaya et al., 1987, Pannangpetch et al., 2001, Kumar et al., 2006, Onasanwo et al., 2013, Dunji et al., 1993, Tandel et al., 2012, Goel et al., 2002). Other anti-ulcer compounds in bananas include pectin, phosphatidylcholine (Dunji et al., 1993).
[bookmark: _Hlk74810451]The phytochemical studies revealed that Mupal® powder contains flavonoids that have been shown to possess anti-ulcer action (Alarcon et al., 1994, Parmar et al., 1998), saponins, and tannins. On the other hand, banana, a major constituent of Mupal®, has been found to contain flavonoids (e.g., Leucocyanidin) known to have anti-ulcer activity. (Lewis et al., 1999, Onasanwo et al., 2013). Flavonoids represent a diverse group of naturally occurring compounds that have been used as medicines for a long time (Di Carlo et al., 1999). Some proposed mechanisms of action as gastroprotective agents are that they increase the levels of prostaglandins (Alcaraz et al., 1985). Prostaglandins work as cytoprotective agents by increasing mucus levels in the GIT, increasing bicarbonate levels, decreasing gastric acid production, increasing mucosal blood flow, stimulating electrolytes and fluid secretion, and increasing intestinal motility, among other physiological activities. Flavonoids have also been known to reduce histamine release and have some inhibitory activity on Helicobacter pylori (Bronner et al., 1985). They have also been shown to have antioxidant activity and reduce free oxygen radicals, contributing to ulcers (Majee et al., 2019).
[bookmark: _Hlk74723226][bookmark: _Hlk74723214]Some of the flavonoids investigated for their gastroprotective role include anthocyanosides, catechin, and genestin (Borrelli et al., 2000). In addition, some flavonoids have also been shown to have anti-H. pyroli activity. These natural flavonoids include apegenium, chrysin, kaempferol, and hesperectin. They are thought to act by binding to the HsrA site and provide a new series of drugs for PUD. (González et al., 2019). However, not all flavonoids demonstrate H. pyroli activity, and our study revealed that Mupal® had no action on the bacteria The study suggests that the flavonoids present in Mupal®    may have been responsible for the anti-ulcer activity.Saponins in Mupal® powder could explain some of the actions from the findings on acid-lowering and gastroprotective functions. Indeed, several plants containing saponins have demonstrated anti-ulcer activity (Aguwa et al., 1988, Nguyen et al., 1996, Yesilada et al., 1999, Júnior et al., 2015). The actions of saponins are thought to be due to their mucous membrane protective factors (Saito et al., 1977, Rishikesh et al., 2017). 
Tannins in the Mupal® powder could also have a role in the pharmacological findings in this study. These compounds possess astringent properties and function by reacting with proteins they get into contact (De Jesus et al., 2012). In addition, they appear to make the mucus layer more resistant to chemical and mechanical injury by forming a gastroprotective layer (Asuzu et al., 1990, Demarque et al ., 2018)
Some plants with tannins that have been investigated for their gastroprotective activities include the leaves of Calliandra portoticensis (Aguwa et al., 1988), the bark of Entandrophragma utile (John et al., 1990), among others.
Histopathological examination of pretreatment with the methanolic extract, water extract, and suspension of Mupal®, banana, and omeprazole showed that these drugs protected the mucosal epithelium compared to the negative control group. The Mupal® and banana preparations seem from these findings to act by strengthening the mucosal lining – either an increase in growth of the epithelial cells or other mechanisms that need further investigation, which all seem to be protective of the mucosal lining.  Omeprazole would also act indirectly by reducing the acidity, which allows the mucosa lining to grow.
These observations on healing that results from mucous growth suggest this is a possible mode of action. This could be achieved by Mupal® preparation influencing the growth factors such as epidermal growth factors, basic fibroblast growth factor, platelet-derived growth factors, or vascular endothelial growth factor as evidenced with experiments in animal models (Sandor et al., 2000). Indeed, more work should be done to confirm this, but it would create a whole new series of pharmaceutical agents for the management of PUD.
The success of the management of PUD depends on the use of multiple approaches. A lot of success has been achieved in reducing morbidity and mortality using acid-reduction drugs like proton pump inhibitors and their combinations (Julio et al., 1998). However, this success needs to be guarded and not celebrated given the antibiotic resistance epidemic. Therefore, the search for new molecules or a combination of molecules that have a different mode of action becomes inevitable. Drugs that would create a hostile environment to prevent H. pylori from reaching the inner mucosa would be exciting and novel. This new area of research can produce a whole new series of drugs that can be used for PUD.
The primary ingredient in Mupal® is banana powder, and published data has confirmed the effectiveness of banana powder in the management of peptic ulcer disease. Banana has been reported to increase mucus production, which is protective (Best et al., 1984, Goel et al., 1986, Costa et al., 1997, Lewis et al., 1999). Histological results in this study showed that; Mupal® preparation seems to improve the integrity of the mucosal lining. The mechanisms of effects of Mupal® preparations on GIT lining requires further investigations. From this study, Mupal® preparation has been shown to affect the reduction of the free acid, which would again provide an additional or alternative mechanism of action.
In this study, the effect of Mupal® preparation of decreasing gastric acidity histological evidence of promoting cell growth is reported for the first time. These results are encouraging especially considering that Mupal® preparation seems comparable with the standard drug, omeprazole in percentage ulcer protection and total acid reduction. These findings justify the need for further research to explain the mechanism of gastric epithelial cell proliferation and acid-lowering activity of Mupal® which are probably the key steps in its anti-gastric ulcer activity that could involve long-term double-blind clinical trials.
[bookmark: _Toc75018602][bookmark: _Toc79407297][bookmark: _Toc79942125][bookmark: _Toc79942432][bookmark: _Toc79942739][bookmark: _Toc79943047]5.2 The toxicity of Mupal® suspension using rats.
[bookmark: _Toc75018603][bookmark: _Toc79407298][bookmark: _Toc79942126][bookmark: _Toc79942433][bookmark: _Toc79942740][bookmark: _Toc79943048]5.2.1 Acute toxicity on the use of Mupal® suspension
There are few drugs whose safety has been fully elucidated in herbal medicine (Emmanuel et al., 2018). In addition, herbal medicine may also possess phytochemicals with harmful side effects. Acute toxicity is a test where there is the administration of serial doses of one drug to determine its safety and provides an initial assessment of the toxicity manifestation of a drug. Measures of acute toxicity are expressed as LD50 which indicates the amount of a drug that can cause death in half of the animals under a test. The LD50 is one way to measure the short-term poisoning potential (acute toxicity) of a material. which measures lethal effects from a large one-time dose and relates to the adverse impacts after the dose is administered or multiple exposures within a day and effects which may be apparent within two weeks of exposure.
In acute toxicity, the change in weight of the animals, the weight of organs, the clinical toxicity, and histological findings were evaluated.
[bookmark: _Toc75018604][bookmark: _Toc79407299][bookmark: _Toc79942127][bookmark: _Toc79942434][bookmark: _Toc79942741][bookmark: _Toc79943049][bookmark: _Hlk74817576]5.2.2: Changes in weight of the animals in acute toxicity using Mupal® suspension
Bodyweight changes are an essential indicator of the adverse effect of drugs. The results showed weight changes across the dosages within 14 days. In addition, the findings indicated a dose-dependent increase in weight at each dose level.
Despite this, the study showed that the total weight gain was not statistically significant between control animals and the test animals (P >0.05). This compares well to similar research by Costa et al. (2011) on toxicological effects of Cassia occidentalis. Thus, the findings on weight changes suggest that at the experimental doses used, Mupal® suspension was safe and not toxic.
[bookmark: _Toc75018605][bookmark: _Toc79407300][bookmark: _Toc79942128][bookmark: _Toc79942435][bookmark: _Toc79942742][bookmark: _Toc79943050]5.2.3: Changes in weight of the Organs in acute toxicity using Mupal® suspension
Organ weight is an important index that indicates any physiological or pathological changes in the animals, and any fundamental change is essential diagnostically to show injury to an organ. The mean weight of each organ in every group compared to the control group did not change significantly during two weeks (P>0.05). This gives strong evidence that Mupal® suspension did not alter or injure any organ compared to the control. This means that the doses (62.5, 250, 1000 mg/kg used, Mupal® suspension) did not cause any atrophy or hypertrophy of any of the organs.
[bookmark: _Toc75018606][bookmark: _Toc79407301][bookmark: _Toc79942129][bookmark: _Toc79942436][bookmark: _Toc79942743][bookmark: _Toc79943051][bookmark: _Hlk74818125]5.2.4 Rodent feed monitoring in acute toxicity test of Mupal® suspension
Food consumption changes are an essential indicator of the toxic effects of a drug.
The result showed a significant change (P<0.001) between the test and the control in rodent feed consumption in the experimental doses used over the 14 days. The results revealed an initial rise in food consumption then a decline with increased doses of Mupal® suspension. This would suggest that Mupal® suspension could have an appetite suppressant function that is -dose-related. Several studies on the effect of herbal medicines have been done, with some indicating plants with an appetite suppressing action (Sahebkar et al., 2019). This study suggests further investigation on Mupal® suspension on its effect on food consumption to confirm its findings.
[bookmark: _Toc75018607][bookmark: _Toc79407302][bookmark: _Toc79942130][bookmark: _Toc79942437][bookmark: _Toc79942744][bookmark: _Toc79943052]5.2.5 Clinical observations in acute toxicity of Mupal® suspension
Across all the groups, no marked clinical changes were noted that could be attributed to the drug other than the rats that were put under the dose 1000 mg/kg Mupal® suspension where some rats had diarrhea. It would mean that at higher doses, Mupal® suspension causes diarrhea as a side effect. 
[bookmark: _Toc75018608][bookmark: _Toc79407303][bookmark: _Toc79942131][bookmark: _Toc79942438][bookmark: _Toc79942745][bookmark: _Toc79943053]5.2.6 Histological observations in acute toxicity tests of Mupal® suspension. 
The results on acute toxicity did not show any significant histological changes, except those in the higher doses of 500, 1000 and 2000 mg/kg Mupal® suspension, which exhibited some lesions in the brain.  This suggests that Mupal® suspension is relatively safe at lower doses. 
The study on acute toxicity showed that Mupal® suspension did not significantly alter the metabolism of carbohydrates, proteins, or fats to cause a weight variation (P>0.05).
The body weight variations are indicators of adverse effects of drugs, and the standard usually is a variation of more than 10% of the initial weight (Raza et al., 2002). In addition, the study findings compare well with the acute and sub-acute oral toxicity assessment of the ethanolic extract of the root of Oncoba spinosa (Flacourtiaceae) in rodents (Kumar et al., 2015).
The study also illustrated that the organ weight did not significantly change between the different groups and the control. Thus, organ weight is a critical indicator of any injury by the test drugs that alter physiological functions. The most susceptible organs are the heart, liver, kidney, spleen, and lungs (Dybing et al., 2002).
The clinical observations from behavioral, neurological, and autonomic systems were all unremarkable, other than diarrhea observed in all the groups. There is a lack of published work on herbal causing plants diarrhea. It's known certain plants may cause a laxative effect example, those containing Senna. The study proposes further investigation in this area.
Histopathological findings indicated some injury to the brain at higher doses. These findings contradict other studies where some herbal preparations have been established to have a protective function in the brain by exhibiting immunomodulatory and anti-inflammatory effects (Wang et al., 2016). This study indicates that Mupal® suspension is safe at lower doses. 
[bookmark: _Toc75018609][bookmark: _Toc79407304][bookmark: _Toc79942132][bookmark: _Toc79942439][bookmark: _Toc79942746][bookmark: _Toc79943054]5.3 Sub-acute toxicity 
[bookmark: _Toc75018610][bookmark: _Toc79407305][bookmark: _Toc79942133][bookmark: _Toc79942440][bookmark: _Toc79942747][bookmark: _Toc79943055]5.3.1 Changes in weight of the animals in Sub-acute toxicity tests of Mupal® suspension
The results on bodyweight comparison on the animals indicate there was no significant difference in the weight between the treatment and the control group during the 28 days days (P>0.05). This suggests that Mupal® suspension did not cause any adverse effect on the animals during this period. Therefore, the study concludes that the drug may be considered safe at those doses.
[bookmark: _Toc75018611][bookmark: _Toc79407306][bookmark: _Toc79942134][bookmark: _Toc79942441][bookmark: _Toc79942748][bookmark: _Toc79943056]5.3.2 Changes in weight of organs in Sub-acute toxicity tests using Mupal® suspension.
There was no significant difference in the weight of various organs between the different treatments and control (P>0.05). Furthermore, the change in organ weight tests conducted on days 14, 28, and 38 (reversal group) showed no significant differences in values compared to those of the respective controls at doses 250, 500, and 1000 mg/kg Mupal® suspension. These findings suggest that Mupal® suspension did not interfere with the weight of the organs by causing any atrophy or growth. These findings are comparable to other similar studies with herbal medicines. Furthermore, no significant change in organ weight like brain, liver, or heart on sub-acute toxicity tests was observed to suggest toxicity (Ameni et al., 2015, Chen et al., 2018).
[bookmark: _Toc75018612][bookmark: _Toc79407307][bookmark: _Toc79942135][bookmark: _Toc79942442][bookmark: _Toc79942749][bookmark: _Toc79943057]5.3.3 Rodent feed monitoring in Sub-acute toxicity tests using Mupal® suspension
The results showed a significant change in the feeds consumed in the period between the control and the test drug over the 28 days, indicating that Mupal® suspension affects the amount of food consumed ((P<0.05).
[bookmark: _Hlk74822172]Furthermore, the study found that the feed consumed is higher with increasing dosage of Mupal® suspension relative to the control. In addition, the study found out that the average amount of food consumed by groups A and B (250 and 500 mg/kg) on the 21st and 28th days was much less compared to that of control animals. It was also observed that during the same period, there was a significant reduction in the amount of food consumed (P<0.05). This finding appears to suggest that Mupal® suspension influences food consumption. The study recommends further investigation of the role of Mupal® suspension on feed consumption and the effect on clinical prognosis and eventual outcome.
[bookmark: _Toc75018613][bookmark: _Toc79407308][bookmark: _Toc79942136][bookmark: _Toc79942443][bookmark: _Toc79942750][bookmark: _Toc79943058]5.3.4 Clinical observations in Sub-acute toxicity tests using Mupal® suspension.
The animals were observed for alertness, restlessness, irritability, fearfulness, spontaneous activity, reactivity, touch response, pain response, defecation urination, and continuous mortality for 38 days. No fatalities occurred during the experimental period, and no significant sign of clinical toxicity was observed. However, at the higher doses, some animals experienced diarrhea. Mupal® contains bananas that control diarrhea, so other components in the Mupal® preparation could be responsible.
There seems to be a scarcity of published works on traditional medicines that may cause diarrhea. The study considers Mupal® suspension safe at therapeutic doses of not more than 1000 mg/kg.
[bookmark: _Toc75018614][bookmark: _Toc79407309][bookmark: _Toc79942137][bookmark: _Toc79942444][bookmark: _Toc79942751][bookmark: _Toc79943059]5.3.5 Histopathological findings of the animals in Sub-acute toxicity tests using various doses of Mupal® suspension.
Histopathological findings revealed some abnormalities at higher doses of Mupal® suspension. From this study of chronic toxicity, higher doses seemed to cause liver and kidney abnormalities. This means that at higher doses, regular monitoring is necessary to prevent both liver and kidney damage. Surprisingly, there were no brain lesions at doses that caused brain lesions in acute study. This would require further investigation to rule out possible contamination of the experimental animals.
[bookmark: _Toc75018615][bookmark: _Toc79407310][bookmark: _Toc79942138][bookmark: _Toc79942445][bookmark: _Toc79942752][bookmark: _Toc79943060]5.4 Effect of Mupal® suspension on biochemical and hematological parameters.
[bookmark: _Toc75018616][bookmark: _Toc79407311][bookmark: _Toc79942139][bookmark: _Toc79942446][bookmark: _Toc79942753][bookmark: _Toc79943061]5.4.1 Effect on urine parameters by the use of various doses Mupal® suspension
Several parameters can be determined during urinalysis, which helps in diagnosis. The most common ones include; colour, smell, turbidity, acidity, specific gravity, glucose, ketones nitrates, bilirubin, proteins, among others. The results revealed no significant difference in urine parameters that were tested including urine volume, pH, or gravity within the 14, 28- and 38-day period and within the dosages 250, 500, and 1000 mg/kg (p>0.05) to the control. However, there was an increase in the alkalinity of the urine, which was dose-dependent as shown on days 14 and 28, but this reverted to normal at the end of the reversal period. This could suggest that Mupal® suspension affects the body's acid-base balance. Therefore, the study concludes that Mupal® suspension is safe and has no effect on urine parameters over the 38 days.
[bookmark: _Toc75018617][bookmark: _Toc79407312][bookmark: _Toc79942140][bookmark: _Toc79942447][bookmark: _Toc79942754][bookmark: _Toc79943062]5.4.2 Effects of various doses of Mupal® suspension on biochemistry parameters.
The study investigated the following biochemistry parameters: potassium, sodium, creatine, Bun, total proteins, albumin, calcium, phosphorus, and glucose over the 38 days. The study observed that, at the different dosages of 250, 500, and 1000 mg/kg Mupal® suspension, there were no significant differences in the biochemical parameters to varying dosages of Mupal® suspension (p>0.05). 
[bookmark: _Toc75018618][bookmark: _Toc79407313][bookmark: _Toc79942141][bookmark: _Toc79942448][bookmark: _Toc79942755][bookmark: _Toc79943063]5.4.3 Effects of various doses of Mupal® suspension on liver function parameters.
Liver function tests are a group of blood tests that provides information about the status of the liver. They include; prothrombin time, bilirubin (direct and indirect), serum transaminase (AST/SGOT), and Alanine transaminase (ALT). They are all useful biomarkers for liver injury. The liver function tests conducted on days 14, 28, and 38 showed no significant changes (p>0.05) in all the parameters except for GGT, which differed significantly as compared to the control (p<0.05). This finding would suggest monitoring of the levels if Mupal® suspension is used for a long time. However, an analysis on the effect on various doses of 250, 500, and 1000 mg/kg Mupal® suspension did not show any significant difference (p>0.05). These findings suggest that Mupal® suspension does not interfere with liver function and does not cause any hepatic injury.
[bookmark: _Toc75018619][bookmark: _Toc79407314][bookmark: _Toc79942142][bookmark: _Toc79942449][bookmark: _Toc79942756][bookmark: _Toc79943064]5.4.4 Effect of various doses of Mupal® suspension on lipid levels and cardiac enzymes.
A lipid profile usually includes levels of total cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides. Lipid profiles are useful markers of cardiovascular disease risks. The lipid profile tests conducted on days 14, 28, and 38 showed no significant changes in values of parameters compared to those of the respective controls at doses 250, 500, and 100 mg/kg Mupal® suspension(P>0.05). These findings suggest that Mupal® suspension does not interfere with the lipid profile hence will not increase cardiovascular risks.
[bookmark: _Toc79407315][bookmark: _Toc79942143][bookmark: _Toc79942450][bookmark: _Toc79942757][bookmark: _Toc79943065][bookmark: _Toc75018620]5.4.5 Effects various doses of Mupal® suspension on hematological parameters with the use of 
Hematological parameters include white blood cell counts, hemoglobin (Hb), red blood cells (RBC), white blood cells (WBC), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), and platelets. The hematological tests conducted on days 14, 28, and 38 days showed no significant changes in parameters compared to those of the respective controls at doses 250, 500, and 100 mg/kg Mupal® suspension except for  RBC, HCT, Hb and platelets  that increased proportionately (P>0.05) in the first 14 days but reverted to normal in the subsequent experimental period; this increase was most likely caused by dehydration since RBC, Hb, and HCT are have a direct relationship, and all cellular elements in blood have a direct relationship with blood volume. These findings suggest that Mupal® suspension does not interfere with the hematological parameters.
Chronic toxicity is used to assess the long-term safety of medicine (Aniagu et al., 2005). In the present study, no fatalities were observed over the 38 days at the doses of Mupal® suspension 250, 500, and 1000 mg/kg. Bodyweight changes are good indicators of toxicity (Raza et al., 2002). There was a predictable dose-related weight gain over the 28 days and a normalization of weight during the 10-day recovery period. However, this was not statistically significant. In addition, food consumed revealed a significant change compared to the control with a decreasing trend over the period. This possibly suggests an influence on appetite by causing appetite suppression for Mupal®. 
Change in organ weight is a good predictor of injury by a drug. This is because the organ weight may increase in size due to congestion, edema, hypertrophy, or the organ decreasing due to degenerative changes (Piao et al., 2013). However, there was no significant change in organ weight between the treated and the control rats in the present study.
There were no obvious signs of toxicity in all groups. The only experimental finding was diarrhea episodes in some rats at a high dose of 1000 mg/kg. 
After a 38-day study period, histological examination of the liver and the kidney revealed some abnormalities on the animals treated at a dose of 1000 mg/kg. This suggests a possible adverse effect of Mupal® suspension at this dose and is comparable to similar studies on Jinqing granules which on sub-acute toxicity testing did not reveal any effect on the central nervous, respiratory or cardiovascular systems (Zhou et al., 2017).
These findings suggest that Mupal® powder is safe up to the dose not exceeding 1000 mg/kg on long-term use.
[bookmark: _Toc75018621][bookmark: _Toc79407316][bookmark: _Toc79942144][bookmark: _Toc79942451][bookmark: _Toc79942758][bookmark: _Toc79943066]5.5 The in vitro effects of Mupal® extracts against H. pylori.
There has been a lot of research interest in investigating the anti-H. Pylori activity of herbal extracts, purified fractions, or compounds of natural origin (Maliheh et al., 2015). This, of course, would arise from the historical knowledge that some plants extract may have anti-bacterial activity (Ayman et al., 2014). Some of this research has resorted to the categorization of the anti-H—pylori activity by H. pylori minimum inhibitory combination (MIC). Four categories have been proposed depending on their MIC
· Strong activity with MIC less than ten µg/ml
· Strong, moderate activity with MIC between 10 – 100 µg/ml
· Quick moderate activity with MIC between 100 – 1000 µg/ml 
· Weak activity with MIC greater than 1000 µg/ml (Gadhi CA et al., 1999) 
Ethanol and chloroform extracts of Mupal® extract demonstrated no activity against clinical isolates of H. pylori. This is consistent with other studies on banana plant powder extract, which showed weak or no action against H. pylori (Goel et al., 2001). The available studies indicate that majority of the plants have weak activity on H. pylori. One plant documented to have strong H. pylori activity is from Taiwan called Impatiens balsamina L (Balsaminaceae) (Yuan-chuen et al., 2009), with a MIC of 1.25 – 2.5 µg/ml against resistant strains of H. pylori. 
It can be inferred that perhaps Mupal® extract works through a completely different mechanism that does not inhibit the growth of H. pylori. This could be through changing the GIT environment where H. pylori are known to thrive in an acidic environment. For example, this could be thickening the mucosal lining where the H. pylori would not be able to burrow through or access it or other mechanisms that require further investigations
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In the present study, Mupal® powder was found to contain saponins, tannins, and flavonoids. All three have been found to have anti-ulcer activity in many studies (De Jesus et al., 2012, Alarcon et al., 1994, Parmar et al., 1998, Lewis et al., 1999, Onasanwo et al., 2013).
[bookmark: _Hlk78445429]Determination of particle size indicated that about 30% of Mupal® powder and 56% of banana powder passed through a 106 µm sieve. Therefore, this could be used to determine the amount of banana in Mupal® powder. 
TLC profile of chloroform and methanol extracts of Mupal® could differentiate it from the banana powder extract by the number of the separated compounds. In addition, HPTLC densiometry, FTIR-ATR, and XRAY Florence analysis can be used to give a profile of Mupal® powder
[bookmark: _Toc75018623][bookmark: _Toc79407318][bookmark: _Toc79942146][bookmark: _Toc79942453][bookmark: _Toc79942760][bookmark: _Toc79943068]5.7 Hypotheses testing
ANOVA results demonstrated a statistical significance in the effectiveness of Mupal® relative to other peptic ulcer treatments. Therefore, there was sufficient evidence to reject the null hypothesis asserting that Mupal® is not an effective treatment of peptic ulcers comparable to other therapies. In addition, ANOVA results demonstrated no acute toxicity of Mupal® drug regarding weight gain and weight of organs. However, there was reduced feed consumption with the increase of the dose of the Mupal®. This can further be investigated to provide sufficient evidence to reject the null hypothesis.
Similarly, concerning sub-acute toxicity, weight changes showed no significant differences in the means of the rats irrespective of different groups. Most of the biomarkers were not significantly changed concerning Mupal®-treated groups and control except for a few blood parameters. Therefore, there was little evidence to reject the null hypothesis stating that Mupal® treatment is not safe for treating peptic ulcers. However, further studies should investigate whether the changes in the means of a few blood parameters among Mupal®-treated groups compared to control noted in the current study.
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[bookmark: _Hlk34832583]The present results have demonstrated evidence of anti-ulcer activity of Mupal® preparation in ethanol-induced ulceration in rats. This compared well with the standard drug omeprazole in mucosal protection and reduction in the acidity of the experimental animals. Furthermore, the results of the histopathological analysis reveal that Mupal® has an ulcer protective role on the mucosa working through a variety of mechanisms. 
On the effect of safety, both studies on chronic and acute toxicity have confirmed the safety of Mupal® preparations at doses not exceeding 250 mg/kg with higher doses demonstrating adverse effects on the liver, the kidney, and brain.
The study has also demonstrated that Mupal® has shown little or no activity on clinical isolates of Helicobacter pylori. 
Pharmaceutical parameters have shown Mupal® consists of compounds that could be responsible for its potential therapeutic value.
The study results suggest that Mupal® has the potential as a therapeutic agent after further research work. 
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Based on the findings made in the current study, the following recommendations can be made.
i. Comparative studies are undertaken using other ulcer induction methods to elucidate the mechanism of action.
ii. Studies on combination therapy with standard drugs be undertaken for more extended periods. 
iii. Further toxicological studies are done on higher dose levels exceeding 250 mg/kg and for more extended periods. 
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i. To do a randomized, double-blind full clinical trial and investigate the efficacy of Mupal® in the presence of H. pylori as compared with combination therapy.
ii. To undertake studies on the safety of Mupal® in pediatric, geriatric, pregnancy, and during pre-surgery and post-surgery procedures.
iii. To carry out more pharmaceutical research to come up with more quality control parameters.
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Clinical Pathology reference ranges for Sprague-Dwaley rats 
[bookmark: _Toc79171999][bookmark: _Toc79274693][bookmark: _Toc79407442][bookmark: _Toc79937596][bookmark: _Toc79941840][bookmark: _Toc79942153][bookmark: _Toc79942460][bookmark: _Toc79942767][bookmark: _Toc79943075]Appendix 1: Biochemical parameters 
	Parameter
	Reference range

	
	Male
	Female

	K Mmol/L
	3.52 - 
	3.31 – 4.9

	Na Mmol/L
	142 – 151
	140 – 150

	Creat Mg/dl
	0.2 – 0.5
	0.2 – 0.6

	BUN Mg/dl
	17.26 – 45.12
	12.33 – 7.26

	TP g/dl
	5.2 – 7.1
	5.5 – 7.7

	ALB 
	26.55 – 34.55
	26.55 – 34.55

	Ca Mo/dl
	9.5 – 11.5
	9.7 – 11.2

	P M g/dl
	5.58 – 10.41
	5.02 – 10.7

	GLU
	70 - 208
	76 - 175



[bookmark: _Hlk74648572]Appendix 1 shows the normal reference range of some biochemical parameters for Sprague rats age between 8-16 weeks. 











[bookmark: _Toc77617713][bookmark: _Toc79172000][bookmark: _Toc79274694][bookmark: _Toc79407443][bookmark: _Toc79937597][bookmark: _Toc79941841][bookmark: _Toc79942154][bookmark: _Toc79942461][bookmark: _Toc79942768][bookmark: _Toc79943076]Appendix 2: Liver function parameters
	Parameter
	Reference range 

	D-BIL Mg/dl
	0.03 - 0.05

	AST U / L
	74 – 143

	ALT U / L
	15 – 45

	ALP U / L
	62 – 230

	GGT I.U/L
	8.6-9.1

	Indirect Bil mg/dl
	0.01 – 0.12

	Total Bil mg/dl
	0.05 – 0.15

	CK U/L
	162 - 1152



Appendix 2 shows the normal reference range of some liver function parameters for Sprague rats age between 8-16 weeks













[bookmark: _Toc77617714][bookmark: _Toc79172001][bookmark: _Toc79274695][bookmark: _Toc79407444][bookmark: _Toc79937598][bookmark: _Toc79941842][bookmark: _Toc79942155][bookmark: _Toc79942462][bookmark: _Toc79942769][bookmark: _Toc79943077]Appendix 3: Hematological values
	Parameter
	Reference range

	
	Male
	Female

	Hb g/dl
	135 - 159
	13.7 – 16.8

	RBC (× 106/μL)
	7.27 – 9.67
	7.07 – 9.03

	HCT (%)
	39.6 – 52.5
	37.9 – 49.9

	MCV (fl)
	58.01 - 67.00
	19.9 – 58.3

	MCH (pg)
	17.1 – 20.4
	17.8 – 20.9

	MCHC(g/dl)
	8.1 – 37.9
	33.2 – 37.9

	PLT (103/ul)
	638 – 1177
	680 - 1200



Appendix 3 shows the normal reference range of some hematological parameters for Sprague rats age between 8-16 weeks













[bookmark: _Toc77617715][bookmark: _Toc79172002][bookmark: _Toc79274696][bookmark: _Toc79407445][bookmark: _Toc79937599][bookmark: _Toc79941843][bookmark: _Toc79942156][bookmark: _Toc79942463][bookmark: _Toc79942770][bookmark: _Toc79943078]Appendix 4: lipid parameters
	Parameter
	Reference range

	
	Male
	Female

	TC mmol/L
	0.68 – 1.77
	0.81 – 2.03

	HDL mg/dl
	9.7-42.1
	0.2-63.3

	TG mmol/L
	0.33 – 0.49
	0.16 – 0.89

	LDH U/L
	272-1965
	272-1965



Appendix 4 shows the normal reference range of some lipid parameters for Sprague rats age between 8-16 weeks







[bookmark: _Toc5446270][bookmark: _Toc77617716][bookmark: _Toc79172003][bookmark: _Toc79274697][bookmark: _Toc79407446][bookmark: _Toc79937600][bookmark: _Toc79941844][bookmark: _Toc79942157][bookmark: _Toc79942464][bookmark: _Toc79942771][bookmark: _Toc79943079][bookmark: _Toc499430528][bookmark: _Toc8551866][bookmark: _Toc8029907][bookmark: _Toc8056340][bookmark: _Toc5446304]Appendix 5: Table of the toxicity observation results-change numbering
	GROUP
	RAT
NO.
	SEX
	                                         T      O     X       I        C        I           T         Y            S      I      G      N        S

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	






A
DIST.
H2O
	1
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	2
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	3
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-S
	D-N
V-N
M-S
	D-N
V-N
M-S
	D-N
V-N
M-S
	      Isolated
	
-
	 
-
	
Dead
	
-
	
-

	
	4
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	5
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N



	GROUP
	RAT
NO.
	SEX
	                                         T      O     X       I        C        I           T         Y            S      I      G      N        S

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	






B
62.5
mg/kg
	6
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	7
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	8
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N

	
	9
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	10
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	






C
250
mg/kg
	11
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	12
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	13
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
Nose-
bleeding
	D-N
V-N
M-N
Nose-
bleeding
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	14
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	15
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	






D
1000
mg/kg
	16
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	17
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N

	
	18
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N

	
	19
	M
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-Y
V-N
M-N

	
	20
	F
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-N
V-N
M-N
	D-Y
V-N
M-N



KEY:
D-N: 	No Diarrhoea noted	V–N:  No Vomiting noted 	 M– N: Normal   Movement
D- Y: 	Diarrhoea noted	V–Y:	Vomiting noted 	 M–A:	 Active Movement
								 M S: 	Sluggish Movement
[bookmark: _Hlk74649210]Appendix 17 shows observations of various clinical signs, including their behavioral symptoms (alertness, restlessness, irritability, and fearfulness), neurological (spontaneous activity, reactivity, touch response, pain response, and gait), autonomic (defecation and urination) profiles, and mortality during the experimental period


	GROUP
	RAT NO.
	SEX
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7
	Day 8

	
	
	
	
	
	
	
	
	
	
	
	

	



A
WATER ONLY
CONTROL





























	1
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	2
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	3
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	4
	F
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	5
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	6
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	7
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	8
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	9
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	10
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	11
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	12
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	


B
250MG/KG



















	1
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	2
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	3
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	4
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	5
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N pus in the nose

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	6
	M
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	7
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	8
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	


C
500MG/KG



















	1
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	2
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	3
	F
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	4
	F
	D-Y
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	5
	M
	D-Y
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	6
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	7
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	8
	F
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	




D
1000 MG/KG





























	1
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	2
	M
	D-Y
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	3
	F
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	4
	F
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	5
	M
	M-N,
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-Y

	
	
	
	V-N
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	6
	M
	D-Y
	D-N
	D-N
	D-N
	D-Y
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	7
	F
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	8
	F
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	9
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	10
	M
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	11
	F
	D-Y
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N

	
	12
	F
	D-Y
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-N
	D-Y

	
	
	
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,
	M-N,

	
	
	
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N
	V-N


Effect of Mupal® on Clinical parameters
[bookmark: _Toc77617717][bookmark: _Toc79172004][bookmark: _Toc79274698][bookmark: _Toc79407447]

[bookmark: _Toc79937601][bookmark: _Toc79941845][bookmark: _Toc79942158][bookmark: _Toc79942465][bookmark: _Toc79942772][bookmark: _Toc79943080]Appendix 6: Table of the clinical toxicity monitoring.
Clinical toxicity monitoring for days 0 – 8
KEY:
D-N: 	No Diarrhea noted	V–N:  No Vomiting noted 	 M– N: Normal   Movement
D- Y: 	Diarrhea noted	V–Y:	Vomiting noted  	 M–A:	 Active Movement
								 M S: 	Sluggish Movement

Appendix 6 shows observations of various clinical signs, including their behavioral symptoms (alertness, restlessness, irritability, and fearfulness), neurological (spontaneous activity, reactivity, touch response, pain response, and gait), autonomic (defecation and urination) profiles, and mortality during the experimental period



[bookmark: _Toc77617718][bookmark: _Toc79172005][bookmark: _Toc79274699][bookmark: _Toc79407448][bookmark: _Toc79937602][bookmark: _Toc79941846][bookmark: _Toc79942159][bookmark: _Toc79942466][bookmark: _Toc79942773][bookmark: _Toc79943081]Appendix 7: The elemental composition of Mupal®.
	Element
	count 1
	count 2
	count 3
	avg counts

	K
	12519
	12530
	12663
	12570.7

	Ca
	431
	469
	455
	451.7

	Cr
	142
	129
	133
	134.7

	Mn
	474
	413
	443
	443.3

	Fe
	2433
	2205
	1916
	2184.7

	Ni
	1311
	1283
	1211
	1268.3

	Cu
	305
	346
	343
	331.3

	Zn
	724
	664
	633
	673.7






[bookmark: _Toc79274700][bookmark: _Toc79407449][bookmark: _Toc79937603][bookmark: _Toc79941847][bookmark: _Toc79942160][bookmark: _Toc79942467][bookmark: _Toc79942774][bookmark: _Toc79943082][bookmark: _Toc77617719][bookmark: _Toc79172006]Appendix 8: Procedure on Preparation of Histological Slides
1. After diethyl ether anesthesia, the rats were cut on the ventral side to expose the stomach, duodenum, spleen, lung, liver, kidneys, heart, intestines, and after that, the bones of the skull to expose the brain
2. For two weeks, the tissues were fixed in neutral buffered formalin (10% formaldehyde in phosphate-buffered saline).
3. After fixation, place the tissues in 70% isopropyl alcohol for 3 hours and then in each ascending strength (80%, 90%, 100% isopropyl alcohol) for 2 hours each. The amount of alcohol used was 15 times the size of the tissue.
4. The tissues were dipped in acetone for a period of 1 – 2 h with periodical shaking.
5. After removing the acetone, xylene was added to check for the appearance of milkiness. If milkiness appears, the dehydration procedure was repeated
6. The dehydrated tissue was Impregnated in paraffin wax (m.p. = 56˚C) for a period of 1h at 58 – 60˚C.
7. Molten paraffin was poured into the L-block along with the tissues and allowed to become rigid.
8. The tissues were sectioned into very thin (2–8 or 5 – 10 micrometer) sections using a microtome
9. The tissue was mounted on the slides with Mayer’s albumin solution (a mixture of equal parts of egg white and glycerin, beaten and filtered with the addition of 1% sodium salicylate) and keep in a warm oven for two hours at 60˚C.
10. The slides containing paraffin sections were on a slide holder.
11. The slides were deparaffinized with xylene for 20 – 30 minutes, and the excess xylene blotted.
12. The slides containing tissues were rehydrated successively with 100%, 90%, 80% isopropyl alcohol for 2 – 3 min. each and put into water for 3 min.
13. The excess water was blotted, and the slides containing tissues were put into Hematoxylin stain for 1 – 2 min.
14. The tissue slides were removed from Hematoxylin stain and then again into tap water for 1 – 2 min.
15. The tissue slides were immersed in Eosin stain for 30 secs.
16. The tissue slides were dehydrated successively with 80%, 90%, 100% isopropyl alcohol, and finally with xylene for 20 – 30 min.
17. A coverslip was placed on the slides using one drop of DPX, taking care to leave no bubbles and dry overnight to make the permanent slide.
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Elemental Composition of Mupal® 
Average Counts	 K	Ca	Cr	Mn	Fe	Ni	Cu	Zn	12570.7	451.7	134.69999999999999	443.3	2184.6999999999998	1268.3	331.3	673.7	Elements

Counts



Series 1	5 ml Water only	5 ml water + 1 ml Ethanol	Omeprazole + 1 ml Ethanol	Mupal® suspension + 1 ml Ethanol	Omeprazol 10 ml/kg + Mupal® 500mg/kg + 1 ml Ethanol	57	52.8	57.5	30.5	50.5	Drug given

Mean of total acid mmol


Series 1	
5 ml Water only	5 ml water + 1 ml Ethanol	Omeprazole + 1 ml Ethanol	Mupal® suspension + 1 ml Ethanol	STD drug + Test drug + 1 ml Ethanol	57	52.8	57.5	30.5	50.5	Treatment Group

Total Acid (mmol)

Free Acid	
Omeprazole	Mupal-ME	Mupal-WE	Mupal-S	Banana-ME	Banana-WE	Banana-S	40	27.74	23.7	22.68	17.28	28.32	33.119999999999997	
Free Acid mmol/ml


Total Acids	A	B	C	D	E	F	G	H	I	J	K	L	M	N	O	P	Q	R	S	T	U	32.4	74.16	39.96	42.48	21.6	19.14	25.92	20.88	24.3	24.84	17.28	9.7200000000000006	25.92	35.28	23.76	17.28	20.52	30.24	30.96	21.6	46.8	Treatment drug

Mean of total acid mmol


Weight changes over experimental period among Mupal®-treated  and control group
Control Group- distilled water	0	3	7	10	14	158.4	186.8	206	205.5	225.5	62.5mg/kg Mupal	189.2	225.2	234.4	250.8	256.39999999999998	250mg/kg Mupal 	177.2	212.4	225.2	235.2	245.2	1000mg/kg Mupal	174.93333333333331	208.13333333333333	221.86666666666665	230.5	242.36666666666665	Experimental Period (days)

mean body weight (g)



Mupal® and weight changes of rats
Control (water only)	0-15th	after 1st	after 2nd	after 3rd	after 4th	after 5th 	8	151.16666666666666	144.33333333333334	167.81818181818181	207.75	217.5	207.5	250 gm/kg Mupal	0-15th	after 1st	after 2nd	after 3rd	after 4th	after 5th 	8	164.25	161.25	184.57142857142858	220.5	500 gm/kg Mupal	0-15th	after 1st	after 2nd	after 3rd	after 4th	after 5th 	8	132.25	130.5	141.25	203.5	1000 gm/kg Mupal	0-15th	after 1st	after 2nd	after 3rd	after 4th	after 5th 	8	140	131.81818181818181	149.80000000000001	180.75	205.5	195.5	Experimental period (weeks)

Mean of body weight (g)



Control	
Upto 14 Days	Upto 22 Days	Upto 28 Days	143.20000000000002	140.25	125.62499999999997	250 mg Mupal	
Upto 14 Days	Upto 22 Days	Upto 28 Days	140.26666666666668	108.75	106	500 mg Mupal	
Upto 14 Days	Upto 22 Days	Upto 28 Days	120.79999999999998	111.25	96.4	1000 mg Mupal	
Upto 14 Days	Upto 22 Days	Upto 28 Days	184	126	114.06250000000001	Days

Feed Consumed (G)


image73.emf
  500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

5 f  

4 f  

1 f  

3 f  

2 f  


image74.emf
  500.0     400.0     300.0       200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

9 f  

5 f  

1 f  

8 f  

4 f  

7 f  

3 f  

6 f  

10   f  

2 f  


image75.emf
500.0     400.0     300.0       200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

11   f  

5 f  

8 f  

10   f  

1 f  

4 f  

7 f  

3 f  

6 f  

2 f  

9 f  


image76.jpeg
500.0

400.0—

300.0—

200.0

100.0—

0.0

T
150.0




image77.emf
  500.0     400.0     300.0       200.0       100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

9 f  

8 f  

1 f  

3 f  

6 f  

7 f  

4 f  

5   b  

2 f  

10   f  


image78.emf
  500.0     400.0     300.0     200.0       100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

9 f  

8 f  

1 f  

3 f  

7 f  

4 f  

6 f  

2 f  

5 f  

10   f  


image79.emf
500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

7 f  

1 f  

6 f  

9 f  

3 f  

5 f  

2 f  

4 f  

8 f  


image80.jpeg
500.0

400.0—

300.0—

200.0

100.0—

0.0

T
150.0




image81.emf
  500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

9 f  

1   b  

4 f  

3 f  

8 f  

5 f  

7 f  

2 f  

6 f  

10   f  


image82.emf
500.0     400.0     300.0       200.0       100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

7 f  

11   f  

1   b  

4 f  

3 f  

6 f  

10   f  

8 f  

9 f  

2 f  

5 f  

12   f  


image2.jpeg




image83.emf
500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

5 f  

1   b  

4 f  

8 f  

3 f  

6 f  

7 f  

2 f  


image84.jpeg
500.0

400.0—

300.0—

200.01

100.0—

0.0

3b

T
100.0

T
150.0

175.0 mm




image85.emf
  500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

1   b  

2 f  


image86.emf
500.0     400.0     300.0     200.0       100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

1   b  

3 f  

2 f  


image87.emf
500.0     400.0     300.0     200.0       100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

3 f  

2 f  


image88.jpeg
500.0

400.0—

300.0—

200.0—,

100.0—

0.0

T
100.0

125.0




image89.emf
  500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

1 f  


image90.emf
500.0     400.0     300.0     200.0     100.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

3 f  

2 f  


image91.emf
24   f  

750.0     600.0       450.0       300.0       150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

9 f   12   f  

16   f  

19   f     22   f      26   f   28   f  

1 f  

3 f   6 f   8 f   11   f  

15   f  

18   f  

27   f   21   f   25   f  

31  

2 f     5 f  

30   f  

14   f  

20   f  

7 f   10   f  

17   f  

29   f  

4 f  

23   f  

13   f  


image92.emf
750.0     600.0     450.0     300.0       150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm    

8 f  

1 f  

15  

7 f   11   f   10   f  

14   f  

4 f  

6 f  

12   f  

3 f  

9 f  

13   f  

2 f  

5 f  


image93.jpeg
750.0

600.0—

100.0

T
125.0

I
175.0 mm




image94.emf
  600.0     450.0     300.0       150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

6 f  

9 f  

5 f  

7 f  

8 f  

4 f  

2 f  

3 f  


image95.emf
750.0     600.0     450.0     300.0       150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

8 f  

5 f  

11   f  

7 f  

4 f  

6 f  

3 f  

10   f   12   f   9 f  

2 f  


image96.emf
750.0     600.0     450.0     300.0       150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

16   f  

3 f  

13   f  

6 f  

9 f  

2 f  

15   f  

8 f  

5 f     4 f  

7 f  

12   f   14   f   11   f  

17   f  

10   f  


image97.jpeg
750.0

600.0-| 1 ¢

T T
75.0 100.0 125.0 150.0 175.0 mm




image98.jpeg
750.

600.
nf
450
5b
300.1 4f
3f
150.1 of
0 ; i
d i 7
T T I T T
25.0 50.0 75.0 100.0 125.0





image99.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

5 f  

7 f  

3 f  

4 f  

2 f  

6 f  


image100.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

6 f  

5 f  

3 f  

4 f  

2 f  


image101.jpeg
750.0

600.0—

450.0—

300.0—

150.0—

0.0

1f

100.0 125.0 150.0

I
175.0 mm




image102.emf
  600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

2   b  

4   b  

3 f  


image103.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

5 f  

1   b  

4 f  

3 f  

2 f  


image104.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1 f  

2 f  


image105.jpeg
750.0

600.0—

450.0—

300.0—

nf

150.0—

100.0

T
125.0

150.0

I
175.0 mm




image106.emf
  600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

4 f  

3 f  

2 f  


image107.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

2 f  


image108.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

3 f  

2 f  


image109.jpeg
750.0

600.0—

450.0—

300.0—

150.0—

0.0

1b

100.0

T
125.0

150.0

I
175.0 mm




image110.emf
  600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

2 f  


image111.emf
750.0     600.0     450.0     300.0     150.0     0.0     25.0   50.0   75.0   100.0   125.0   150.0   175.0   mm  

1   b  

2 f  


image112.emf


0 10 20 30 40

- keV -

0.0

1.0

2.0

3.0

x 1E3 Pulses

 Mn 

 Fe 

 Ni 

 Cu 

 Zn 

 K 

 Ca 

 Cr 


image3.png
OH

OH




image113.emf


4 6 8

- keV -

0.0

1.0

2.0

3.0

x 1E3 Pulses

 Mn 

 Fe 

 Ni 

 Cu 

 Zn 

 K 

 Ca 

 Cr 


image114.jpeg




image4.jpeg
ot Docil formulation
oy “oloctod harbal 6
e tme mmemorial
Clated Sympto
u.w
" pary vloctod herbs ay

dor s {dporoximat
*times gy or as directs

“w Place,
"t childron,
Ut M Lig
robi. KENYA

M oo





image5.png
MUPAL® PowR
HERBAL MEDICINE FOR DUODENAL AND STOMACH ULCERS

Description: MUPAL® powder is a formulation containing powders and extracts of
carefully selected herbal components. This formulation contains only natural
ingredients. The components have been used from time immemonial to alleviate gastric
and duodenal ulcers, excess acid and gastritis. Scientific work and many case histories
support this usage.

Composition: Active components include assorted banana parts, vegetables, herbs and
essential oils.

Recommended usage: MUPAL® powder is indicated for use in stomach and duodenal
ulcers. MUPAL® is also very useful in excess acid and gastritis.

Mode of Action: Protects stomach lining against ulcer-causative agents, promotes
mucosal growth and suppresses gastric secretion.

Dosage and Administration: Take 2 level teaspoonfuls powder (4 g) in cold milk or
water 3 times daily. Do not filter. Effects are noticeable in four weeks. A longer period
may be required depending on individual patient’s response.

Precautions: Treatment with MUPAL® may mask symptoms associated with other
stomach problems. Diagnosis is important.

Side Effects: MUPAL® is safe as most ingredients are common foods. Side effects and
toxicity are unknown but withdrawal and medical advice are recommended in case of
allergy or any unforeseen reaction to the medicine.

Interaction: Not known at therapeutic doses even with conventional anti-ulcer
medicines or antacids.

Storage: Protect from light, heat and moisture.

DO NOT EXCEED THE RECOMMENDED DOSE
KEEP ALL MEDICINE AWAY FROM CHILDREN

Juna Phammaceuticals LTD
P.O. Box 26110 Nairobi, Kenya Tel 020 6766158, 0722825966
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EFFECT OF MUPALS: 4 HERBAL PRODUCT USED FOR THE MANAGEMENT OF PEPTIC ULCER DISEASE I
xENvs; ON EXPERIMENTALLY INDUCED GASTRIC ULCERS IN RATS

Titas M. Rahiga', Nicholas K. Gionyo’, Peter K. Gathamb’ Julivs W. Mrvangs', Paul G Mouhia®

Abstract

Backeround: Mupal” porwder, i 2 herbal prodiuct tha has been used fo the trestment of paptic ul
and related disorders for many years in Kenya. However, a full seentiic udit o it effieacy has never
been done. The objecive of this study s to do 2 evalustion of Mupal” hrough an snimal model z0 35
to provide background information on it sffeaey, and do 2 comparative axalysis with omeprazols and
banana powder inthe treament of pepic uleer disease and o do obtain some pharmsaceutiealparameters.

Mehods: Water and methanol extracts of Mupal and banzna powders were prepared by maceration 3t
room temperature. Mupal” and banana water suspension were prepared b suspending both porsders in
isillad water, Whita albino rats were used a8 sianal modals, Uleer induction in simls was dons using
1ml of 100 % ethanol and freatment dons with water 3 3 negative control, omeprazole 35 3 posiive
control and Mupal" 2s the test. Histopathological changes were observed cn day 1 2nd 6. Phytockemical
screening was done using standard methods.

Results: Effcacy sesuls indicsted that Mupal” was comparable to omeprazole i ulee scores, scid-
lowering and nthe histologieal fndings. Phytochemsical results revesled hat Mupal contains igh lev

of saponins 3nd modsrate levls of flsvonoids while TLC indicsted tht it has more componnds than
basaus

Conclusion: The current study demonstrates that Mupal is n efficacious herbal medicine that can be
usedin the management of peptic uleer disesse. The results suggest that Mupal” could bave 3z effect on
amucosal cell growth. The results warrant further studies that could involve messurement of, growth
factors, mucosal prolifeation and long erm double blind clinieal rials.

Ky words: Uleer healing, Ethanol induction, Mupal”

Department of Pharmacology and Clinical pharmacy, Kenyata Usiversity
Department of Pharmacogaosy and Pharmaceutical Chemisty, Kenyatia University
Depastnent of Vaterinary Patholoy, Micsobiclogy and Parasitlogy, University of Nairobi
Department of Pharmacology and Pharmacognosy, University of Nairobi

Depastnent of Vsterinary Pathalos, Micsobiology and Parasitlogy, University of Nairobi
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ACUTE AND SUBACUTE TOXICITY OF MUPAL® IN RATS

Titus M. Kahiga', Nicholas K. Gikonyo’, Peter K. Gathurab, Tulius W, Mvangi, Paul G. Mouthia”.

Abstract

‘Background: Mupl® porwder,is 2 herbal product has been used for the reatment of peptic ulcers
and related disorders for many years. No safety studies on Mupal" has ever been done. The
objective of this study was to do a reclinical safty evaluation of Mupal” irats.

Methods: Mupal® suspension was prepared by suspending Mupal povder in distled water.
‘White albino rats were used s animal models for toxicity investigations. For acute toxicty four
groups of 5 ats were each administered orally daily 250,500 and 1000 mg/kg doses of Mupal”
suspension, over a eriod of 14 days and thlr weights, food inake and, any signs of toxiciy were
recorded. On the 14* day,the animals were sacrificed o study gross histology. For determination
Of LDy doses of 250,500,1000 and 2000 mg kg were used and animals fllowed up as pr classical
‘methods. For sub-acute toxicity study, 4 groups of § animals were subjected to three doses of
Mupal suspension (250, 500 and 1000 mg/ke) over a period of 2§ days. One group served 25
control and was given Sml of distilled water. Their welghts and food infake were moritored and
their biochemical, hematological and morphological parameters mezsured.

‘Results: Mopal® was safe and did rot demonstrate any adverse effect or death in acute toxicty
tests and showed an LD,y of more than 2000 meg'kg. Subacute trestment did not revesl any
significant change in body weight, food consumption, welght of organs, kematological,
biochemical and morphologicel parameters. Doses below 1000 &d not indicate any
‘macroscapic or microscapic changes inthe body organs

Conclusion: The current study demonstrated that Mupal” s 2 not toxic in rats and this suggests
‘possible safety in human use

Department of Phanmacology and Clinical pharmacy, Kenyatta University
Department of Phamacognosy and Phamiaceutical Chemistry, Kenyatta Universiy
Department of Veterinary Pathology, Microbiology and Parasitology, Uiversity of Nairobi
Department of Phamacology and Pharmacoguosy, University of Nairobi
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FROM:  Dean, Graduate Sehoo! i November, 2012
O M T Muhu Kahigs RERPO7/24602/10
C/o Prarmacy & Complementary/
Altermative Medicine Department
KENYATTA UNIVERSITY

SUBJECT: _APFROVAL OF RESPARCH FROPOSAL

“This is o inform you that the Graduste School Board at ifs meeting of 8
November 2012 approved your Ph.D Research Froposal entied, “Dvaluation of
Ani-Ulcer Activiy and Safty of Mupal®: A Herbal Produck Used. for the
Maagement of Peptic and Duodenal Ulcrs in Rats”

You may now proceed with yous Dats Collecton.

'DAVID NjokocE
e

G, Chairman, Fharmacy & Complementary/Alirnative Medicine Dept
Superviors
Prot. Nicholas K. Gikonyo
Pharmacy & Compl./Altenative Mediine Dept - KU,

2. Pro.Grace N, Thoithi
Pharmiceatical Chemistey - Uriversity of Nairob.

3. Prof FelerK. Gathuribl
Vet Pathology & Mierobilogy — Uriversity of Nairabi

4. Pon . Mvarsi
Pharmacology snd Pharmacogtosy - Uriversity of
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OurRef: PO7/24602/10 Dater 119 Noverber 2012

The Permanent Scretiy,

AiisteyofHigher Education, cience & Technology,
PO, Box 30040,

NAIROBI

Dear sir/Madar,

RE: RESEARCH AUTHORIZATION IOR. 2
PoT24602/10

Luriteto inroduce Mr. Titis Ml Kahiga who i & Fostgraduste Sudent o this
University. He is registered for a Ph.D degree programane in the Depactment of
Pharmacy and Complementary/Alternative Mediene in the School of Health
Sciences,

M Kahiga inends to conduct tesearch for @ thess projec entiled, “Svaluation

of Anti-Ulcer Activy and Safety of Mupal® A Herbal Product Used for the
‘Managemment of Peptio and Duodenal Ulcers in Rats”

Any assisancegiven will be highly appreciated.

Yoursfpifully,

IS, HUCY N, MBAABU
FOR: DEAN, GRADUATE SCHOOL
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