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Abstract
[bookmark: _GoBack]This research study investigates the antibacterial potential of Murraya koenigii (commonly known as curry leaf) in albino rats experimentally infected with Escherichia coli O157, which is a pathogen known for its severe gastrointestinal and systemic complications. The study design is experimental and also comparative in nature. This study was carried out in the animal farm of Madonna University between March 2025 and May 2025 after uptraining an ethical approval from the university research committee. This study also adhered to the relevant ethical regulations and laws on the use of animals for experimental research.    Aqueous extracts of curry leaf were prepared and administered orally to infected rats at different concentrations: The extract was reconstituted with distilled water and left for 2 days to create varying concentrations: 200 mg/kg in 10ml of distilled water, and 400 mg/kg in 10ml of distilled water, for administration in different test groups to assess the dose-dependent effects. Healthy albino rats (6-8 weeks old) weighing approximately 120-200 g were obtained from an animal farm. The animals were acclimated to the laboratory environment for 14 days under controlled temperature and humidity, with a 12-hour light/dark cycle. The experimental design included: uninfected controls, infected untreated controls, and treatment groups, with infection confirmed through microbiological and biochemical techniques. The Organism (E. coli O157) used was isolated and identified at the Nucleometrix Molecular Laboratory, Yenagoa, Bayelsa State. The animals were infected orally with a constant dosage of colony-forming units of E. coli O157 through oral gavage. Rats treated with 400 mg/kg showed more favorable results, including increased survival, improved physical activity, and reduced presence of E. coli compared to the 200 mg/kg group, which exhibited only marginal improvements. The once with high dosage treatment has no statistically significant change in body weight with a p-value of 0.9. This research project observed a dose-dependent response, suggesting that the higher concentration of bioactive compounds in the 400 mg/kg extract, such as carbazole alkaloids and flavonoids, may have played a key role in mitigating bacterial impact and supporting physiological stability. Despite the encouraging results, the variability in outcomes highlights the need for further studies on dosage optimization, mechanisms of action, and long-term effects. The findings from this research project contribute to the growing body of evidence supporting the use of Murraya koenigii as a potential natural remedy for managing E. coli O157 infections, especially in situations where conventional treatments are limited or unavailable. 
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Introduction
[bookmark: _Hlk226130144]Murraya koenigii Leaf is commonly used for cooking and spicing food in most parts of Africa. It is commonly referred to as curry leaf in most rural areas. The leaf is also used for local treatment of stomach upset and gastrointestinal disorders, both in children and adults. The use of plants as sources of medicine is a practice deeply rooted in human history, spanning diverse cultures and geographical regions. From the ancient herbal traditions of Ayurveda in India to the folk remedies of Africa and the Americas, it has been reported that Murraya koenigii Leaf provided humanity with a vast pharmacopeia of bioactive compounds (1). Among these, Murraya koenigii, emerges as a plant of particular interest due to its dual role in culinary arts and traditional healing (2). This plant is Native to the Indian subcontinent and its a member of the Rutaceae family, this evergreen shrub thrives in tropical and subtropical climates, its green leaves exuding a distinctive aroma that enhances dishes across South Asia and other continents. (3). Beyond its culinary appeal, Murraya koenigii has long been revered in Ayurvedic and Siddha medicine for its purported ability to treat ailments ranging from digestive disorders to infections and diabetes (4). There had been studies which suggest that the leaves of this plant are particularly rich in bioactive constituents, antioxidant, antimicrobial, anti-inflammatory, and hepatoprotective properties (4). Similarly, flavonoids and phenolic compounds in the plant contribute to its ability to neutralize free radicals, potentially mitigating oxidative stress- a key factor in infection-related tissue damage (5). 
Modern science has begun to unravel the chemical basis of these claims, identifying a wealth of phytochemicals such as alkaloids, flavonoids, terpenoids, and carbazole derivatives that underpin its therapeutic potential (1). This research hopes to identify the in vivo antimicrobial potential of Murraya koenigii Leaf extract, using an animal model in a controlled environment. The specific objectives of this study is to explore the changes on the animal body weight within the period of study, the motility and, behavioral changes would also be considered. 
The choice of the use of a gram negative bacterial (Escherichia coli O157) as the pathogenic agent in this experiment is own to the fact that Enterobacteriaceae are the most common water and food borne pathogens that affect most rural dwellers who often depend on herbal remedies for medicine. Escherichia coli O157, is a pathogenic strain of the E. coli bacterium that has garnered global attention as a major cause of food borne illness. First identified in 1982 during an outbreak linked to contaminated beef, E. coli O157 is distinguished by its production of Shiga-like toxins, which disrupt cellular function and lead to severe clinical outcomes. Infections with this serotype can manifest as bloody diarrhea, hemorrhagic colitis, and, in severe cases, hemolytic uremic syndrome (HUS)—a life-threatening condition characterized by kidney failure and anemia. The pathogen’s ability to form biofilms and persist in diverse environments, such as water, soil, and food, further complicates its control. While antibiotics like fluoroquinolones and cephalosporins have historically been used to manage E. coli infections, their use in E. coli O157 cases is controversial due to the risk of toxin release and worsening HUS (7). Moreover, the alarming rise of antimicrobial resistance has diminished the reliability of these drugs, prompting a search for alternative strategies.
In this context, natural products like Murraya koenigii offer a promising avenue for exploration. Preliminary in vitro studies have demonstrated that extracts of curry leaf exhibit inhibitory effects against a range of bacterial pathogens, including E. coli. For example, research by Ningappa et al. (2008) (6) showed that polyphenol-enriched extracts from Murraya koenigii disrupted bacterial cell membranes, suggesting a mechanism of action that could extend to E. coli O157. However, an in vivo study will require careful investigation, as factors such as bioavailability, metabolism, and host immune responses play critical roles in determining efficacy (19).
The animal model in this study is an Albino rat, which is a staple in preclinical research because of its genetic composition. It provides an ideal model for such studies. Their genetic uniformity, well-characterized physiology, and susceptibility to bacterial infections make them a valuable tool for evaluating the therapeutic potential of plant extracts. Previous studies have utilized albino rats to explore the effects of Murraya koenigii on various health parameters, such as blood glucose levels and lipid peroxidation (8). For instance, Bhupatiraju et al. (2023) found that curry leaf supplementation reduced oxidative stress in rat tissues, hinting at its protective capabilities. Yet, the specific interaction between Murraya koenigii and E. coli O157 in an infected animal model remains largely uncharted territory. This gap in knowledge is significant, as in vivo studies can reveal not only the direct antibacterial effects of the plant but also its influence on infection-related pathology, such as inflammation and tissue damage.
This research study builds on this foundation by examining how Murraya koenigii affects albino rats experimentally infected with E. coli O157. By integrating traditional knowledge with modern scientific methods, this research aims to shed light on the plant’s potential as a natural antimicrobial agent. Given the global burden of E. coli O157 infections estimated to cause thousands of hospitalizations annually and the limitations of existing treatments, such investigations are both timely and necessary (9).
Materials and methods
This research was carried out at the animal house of the Department of Pharmacy, Madonna University, Elele, Rivers State, Nigeria. Madonna University. The study adhered to ethical guidelines for animal research and was approved by the Institutional Animal Care and Use Committee (IACUC) of Madonna University Teaching Hospital. All procedures complied with national and international guidelines for animal welfare, ensuring humane treatment and minimization of animal suffering. The principle of Replacement, Reduction, Refinement, and Responsibility was adopted to ensure an effected safe animal care, and the minimum acceptable sample size was adapted after sample size determination. This is necessary to ensure that few numbers of animals were sacrificed. Acute study was adopted because most gastrointestinal abnormally due to bacterial infection are acute in nature. We also endure that the animal do not suffer for too long.

Murraya koenigii Extraction
 
[bookmark: _Hlk224339358][bookmark: _Hlk224358403]Fresh Murraya koenigii leaves were collected from a verified botanical source. The plant was identified at the university's botanical department, and its identity was confirmed by a botanist to ensure authenticity. The leaves were washed, dried in the shade to retain bioactive compounds, and then ground into a fine powder. The powdered leaves then underwent extraction using a solvent (water) through maceration. The powder was soaked in the water and left overnight to obtain a concentrated extract rich in bioactive compounds. The resulting extract was filtered, and then the remaining sediments were dried again under reduced pressure to obtain a crude extract, which was stored in an airtight container and refrigerated until use. The extract was reconstituted with distilled water and left for 2 days to create varying concentrations: 200 mg/kg in 10ml of distilled water, and 400 mg/kg in 10ml of distilled water, for administration in different test groups to assess the dose-dependent effects.
[bookmark: _Hlk224358918]Animal Handling: Healthy albino rats (6-8 weeks old) weighing approximately 120-200 g were obtained from an animal farm. The animals were acclimated to the laboratory environment for 14 days under controlled temperature and humidity, with a 12-hour light/dark cycle. The rats were grouped into three categories: Group 1, which contained subjects A, B, and C, who were not infected, thus serving as a negative control. Subjects D and F were the positive control, which were infected but not treated. Therefore, animals in group 1 are all used as negative and positive controls, while animals in Group 2 ( F, G, H,I, J) were infected with E. coli O157 and treated with a low dose of curry leaf extract (200 mg/kg). Group 3 (k, L, M, N, O) was infected with E. coli O157 and treated with a high dose of curry leaf extract (400 mg/kg).
[bookmark: _Hlk224359389]Infection and treatment: The Organism (E. coli O157) used was isolated and identified at Nucleometrix molecular laboratory, Yenagoa, Bayelsa State. The animals were infected orally with a constant dosage of E. coli O157 2 ml of (1 × 109 colony-forming units/ml) through oral gavage. After infection, the rats were monitored for signs of infection, such as lethargy, diarrhea, or weight loss, to confirm infection. Infection and treatment were carried out at the same time interval for all the various groups, i.e., the positive control, animals in groups 2 and 3 were infected at the same time.  24 hours after infection, groups 2 and 3 received the designated doses of Murraya koenigii extract ( 200mg/kg and 400mg/kg, respectively) daily via oral gavage for a period of 21 days. Animals in the negative control group were given only food and water. The animals’ behavior, food intake, weight, and signs of illness were monitored and recorded. The final weight of the animals and other observable behaviors were recorded. After that, the rats were sacrificed humanly and a sterile swab stick was used to collect the samples of their intestinal and stomach contents. 
Organism isolation and identification: The contents of the swab stick were cultured on various culture media for bacterial isolation and identification. The culture media used are nutrient agar (NA), MacConkey agar, Eosin methylene blue agar (E.M.B), and Kegler ion agar (KIA). Each medium was prepared following the manufacturer’s specifications. Bacterial isolates were identified by standardized methods and recorded appropriately. The data obtained were analyzed using Microsoft Excel for basic calculations and graphing, and SPSS version 27 was used for statistical analysis. 
Results and discussion 
This research topic provides valuable insights into Murraya koenigii ’s potential as a natural antimicrobial and therapeutic agent. The results, as presented, indicate variations in body weight across the control, Animal treated with low-dose (200 mg/kg), and high-dose (400 mg/kg), suggesting potential differences in the physiological impact of the infection and treatment. These findings prove that the weight of an animal can be affected by microbial infection (14). These findings align with the broader context of exploring plant-based remedies to address the growing challenge of antibiotic resistance, particularly against pathogens like E. coli O157, which is well known for causing severe gastrointestinal and systemic complications (7). The results, as shown in the tables below, indicate a better physiological condition for animals that are treated with a higher dosage of extract after infection.
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Figure 1. A histogram showing variation in weight when the infected albino rat is treated with low and high dosages of murraya koenigii extract after infection with E. coli O157, 2 ml of (1 × 109) colony-forming units/ml
Key;
[bookmark: _Hlk223145048]1=initial weight before infection and low-dose treatment
2=final weight after infection and low-dose treatment
3=initial weight before infection and high dosage treatment
4=final weight after infection and high dosage treatment
Weight in grams

In the control group, the body weights of uninfected rats (A, B, C) ranged from 132 g to 180 g, while those of infected but untreated rats (D, E) were 123 g and 163 g, respectively. The lower weights in the infected, untreated rats may reflect the impact of E. coli O157 infection, which is known to cause clinical symptoms such as diarrhea, lethargy, and weight loss due to shiga toxin-mediated damage to the gastrointestinal tract (10). The low-dose group (200 mg/kg) showed slight weight reductions post-treatment, with weights decreasing marginally (e.g., from 123 g to 122 g for rat F, and 179 g to 172 g for rat G). Several articles had indicated weight loss of animals when infected with Escherichia coli (15). This could be a result of diarrhea, which leads to excessive loss of fluid. 
[bookmark: _Hlk223144088][bookmark: _Hlk224419738]Table 1. The effect of low dosage treatment on the weight of the animal (200mg/kg) after infection with E. coli O157, 2 ml of (1 × 109) colony-forming units/ml

	                         Wight (g) mean                      standard deviation           p-value         Remark                                     

	Control                              146.0                                  24.2                                                     N/S
                                                                                                                      0.03                                                                     

Test                                    142.0                                 21.7


                                           95% confidence level		 S=Significant

This minimal change could suggest that the low dose of Murraya koenigii extract was insufficient to fully counteract the infection’s effects, potentially due to limited bioavailability or inadequate concentrations of active compounds like mahanimbine and flavonoids, which are known to disrupt bacterial cell membranes (5)(6).
The choice of 200 mg/kg for the low-dose group was based on the acute nature of the study, trying to find out the short-term effects while minimizing toxicity risks, as higher doses might overwhelm the rats’ metabolic systems in a short-term experiment. Conversely, the high-dose group (400 mg/kg) displayed mixed outcomes, with some rats maintaining or slightly increasing their body weight (e.g., rat K from 122 g to 124g, rat N from 171g to 177g), while others experienced minor reductions (e.g., rat O from 175g to 168 g). These results suggest that the higher dose of Murraya koenigii extract may have offered some protective effects against the infection, potentially by reducing bacterial load or mitigating inflammation and oxidative stress, as supported by previous research studies (11)(8). The high dose likely delivered a greater concentration of bioactive compounds, such as carbazole alkaloids and phenolic acids, which have been shown to inhibit E. coli growth by increasing cell membrane permeability and inducing oxidative stress (12). The acute study design necessitated the use of 400 mg/kg to achieve a robust therapeutic response within the 21-day treatment period, ensuring sufficient exposure to the extract’s antimicrobial properties without extending the study duration, which could introduce confounding factors like chronic stress in the rats.

Table 2: Result of animal physiological state with low dosage (200mg/kg) extract treatment after infection with E. coli O157, 2 ml of (1 × 109) colony-forming units/mlSubjects 
Weight before treatment (G)
Weight after treatment
Isolate after infection and treatment 
Mortality/animal behavior after 10 days  
F
123
122
E. coli
Died on 4th day
G
179
172
E. coli
Died on 5th day
H
148
145
No isolate
Weak lived over10 days
I
158
152
E. coli
Died on 9th day
J
122
120
E. coli
Died on 10th  day
 









The presence of E. coli O157 was confirmed through biochemical tests like the indole test, which was positive, indicating the strain’s identity (13). The total viable count and purification processes further validated the pathogen’s presence in infected rats, supporting the reliability of the infection model.
The study’s focus on an acute infection model, with infection induced via oral gavage to mimic natural exposure, highlights the relevance of the findings to real-world scenarios where E. coli O157 is transmitted through contaminated food or water (7). 







Table 3: The effect of high dosage treatment on the weight of the animal (400mg/kg) after infection with E. coli O157, 2 ml of (1 × 109) colony-forming units/ml

	                             Wight (g) mean                  standard deviation           p-value          Remark                                     

	Control                            153.8                                    21.4                                                    NS
                                                                                                                     0.9                                                                

  Test                                153.4                                    20.9


                                           95% confidence level	        n/s= not significant		

The observed weight changes, though modest, suggest that Murraya koenigii may influence infection outcomes, possibly by reducing bacterial colonization or mitigating toxin-induced damage, as hinted by its antioxidant and anti-inflammatory properties (11). However, the low-dose group did not show much weight recovery, and the high-dose group had mixed results. This suggests that the dosage and method of giving the treatment need to be improved. 

[bookmark: _Hlk223143666]Table 4: Result of animal physiological state with high dosage (400mg/kg) extract treatment after infection with E. coli O157, 2 ml of (1 × 109) colony-forming units/ml

	Subjects 
	Weight before treatment (KG)
	Weight after treatment (kg)
	Isolate after infection and treatment
	Mortality/animal      behavior after 10 days

	K
	122
	124
	No isolate
	Died 8days

	L
	145
	142
	No isolate 
	Weak

	M
	156
	155
	No isolate
	Weak 

	N
	171
	177
	No isolate
	Active

	O
	175
	168
	E. coli
	Weak



The study’s reliance on aqueous extracts, chosen for their ability to concentrate bioactive compounds, aligns with previous research showing superior antimicrobial activity(12). Nonetheless, the in vivo environment introduces complexities that call for additional investigation, particularly regarding the plant’s ability to neutralize Shiga toxins or help the immune system clear the infection. Evidence has suggested a high impact of bacterial infection on animal behavior and survival (16). The survival rate of humans and animals during bacterial infection depends on the immune strength and antibacterial susceptibility of the organism when treated (17). However, other factors can influence the survival rate of an animal after a bacterial infection (18). 
Conclusion
Conclusively, the results of observed weight changes in the low-dose (200 mg/kg) and high-dose (400 mg/kg) groups suggest that curry leaf extract may exert dose-dependent effects, with the higher dose showing potential protective benefits against infection-induced weight loss, possibly due to its antimicrobial, antioxidant, and anti-inflammatory properties. However, the variability in results and the complexity of in vivo systems indicate that additional research is needed to fully comprehend Murraya koenigii’s mechanisms and therapeutic potential. 
Based on the results of this study, several recommendations can be made to improve the understanding and application of Murraya koenigii as a potential therapeutic agent against E. coli O157 infections. Future research should explore a broader range of dosages beyond 200 mg/kg and 400 mg/kg to identify the optimal therapeutic concentration, as the current results suggest dose-dependent effects that were not fully optimized in this acute study. Incorporating intermediate doses, such as 300 mg/kg, could provide a clearer picture of the dose-response relationship, especially given the variable weight outcomes observed in the high-dose group. Additionally, extending the study duration beyond 21 days could further show the long-term effects of Murraya koenigii on infection recovery and tissue repair thereby, addressing potential chronic outcomes of E. coli O157 infections like hemolytic uremic syndrome (HUS).

In addition, further research could also focus on the specific mechanisms by which Murraya koenigii’s active compounds, such as mahanimbine and quercetin, interact with E. coli O157 in vivo. This could involve histopathological analysis of rat tissues to assess reductions in toxin-mediated damage or bacterial colonization, as well as molecular studies to evaluate the inhibition of Shiga toxin production. Such investigations would bridge the gap between the plant’s established in vitro antimicrobial effects and its in vivo performance, addressing the limitations observed in this study. 
Moreover, exploring alternative extraction methods, such as hydroalcoholic extracts, could enhance the extract’s bioavailability and applicability in clinical settings.
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