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MORINGA OLEIFERA AQUEOUS LEAF-EXTRACT ATTENUATES METRONIDAZOLE-INDUCED IMPAIRED MEMORY AND NEURODEGENERATION VIA MODULATION OF OXIDATIVE STRESS IN A RAT MODEL
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ABSTRACT 

	Background: Metronidazole is an antibiotic and antiprotozoal medication commonly used in the treatment of infections caused by anaerobic bacteria and certain protozoa, has attracted attention in clinical trials in recent decades due to its adverse effects, which include Central nervous system toxicity, loss of appetite, and severe skin reactions among others. These adverse effects have geared up the quest to further search for plant materials that will not mitigate its efficacy but can alleviate its adverse effects. This study investigate the potential ameliorative effects of Moringa oleifera aqueous extract on metronidazole induced neurotoxicity on hippocampus of Adult Wistar rat.  
Aims: This study evaluated the effects of Moringa olefeira extract on metronidazole-induced   neurotoxicity on hippocampal conus amonis on adult Wistar rats.
Study design: Forty eight (48) adult Wistar rats weighing about 140-160g were divided into six groups (A-F) of eight animals each for oral administration for 60days.
Place and Duration of Study: Department of anatomy, Ladoke Akintola University of technology, Ogbomoso, Oyo state Nigeria. Between March 2024 and November 2024.
Methodology: The experiment Animal were exposed to behavioral paradigm (Y-maze) at 61st day, the Animal were euthanized, the hippocampus conus amonis was taken out, homogenized for biomedical analysis [lipid peroxide (MDA) and superoxide Dismutase (SOD) while some part were fixed in neutral buffered and processed further for histological study staining with Hematoxylin and Eosin 
Results: There was significant decrease(p=.001) in correct alternation in MTDZ group compared to control, Biochemical analysis shows significant increase (p=.001) in MDA level of group B while there was a significant decreased in group C and D compared to control whereas the levels of SOD decreased significantly (p=.001) in Group B and increased significant in Group C and D compared with group A, Histological observation shows degenerating Pyramidal cells, granule cells, and neuroglia in metronidazole group while these features were restored Moringa Groups. 
Conclusion: The study affirm the anti-oxidant and behavioural effects of Moringa on metronidazole induced neurotoxicity on hippocampus of the Wistar rats 



	



Keywords: Metronidazole, neurotoxicity, Adverse effects, cornu ammonis and Moringa Oleifera 

1. INTRODUCTION 

“Neurological side effects associated with antibiotics are likely underdiagnosed and necessitate increased awareness and attention. Metronidazole (MTDZ) is a widely used antimicrobial drug due to its effectiveness against various bacteria and yeasts” (Stoian et al., 2020). “Metronidazole (MTDZ) is generally considered a safe medication and is known to penetrate the brain rapidly. However, some potential side effects include mild abdominal pain, headaches, nausea, and a metallic taste in the mouth” (Chaturvedi et al., 2020). “Clinical symptoms associated with metronidazole-induced neurotoxicity, including ataxia, dysarthria, and altered mental status, are typical neurological manifestations” (Sørensen et al., 2020). Metronidazole (MTDZ) is a United States Food and Drug Administration-approved antimicrobial drug that belongs to the 5-nitroimidazole family, which is useful in the treatment of infections caused by anaerobic bacteria (Leitsch, 2019). “Metronidazole, when used in an appropriate dosage for an appropriate duration, is usually a safe medication, and is rarely reported to cause serious side effects. Commonly reported adverse effects with metronidazole are gastrointestinal ones that are nausea, anorexia, diarrhea, stomatitis, metallic taste, and mouth dryness” (Ceruelos and Espinoza-Gonzalez, 2019; Weir, 2023). 
 “For thousands of years, people across the globe have relied on traditional medicinal plants for various purposes, from maintaining overall health to treating illnesses” (Shahrajabian et al., 2019). “Herbal medicine continues to be widely used as it has historically been the primary means of disease treatment. However, only a fraction of the plant kingdom has been explored for its phytochemicals. Plant extracts may contain bioactive compounds stimulating or inhibiting specific biological processes” (Bekara et al., 2019). Moringa oleifera belongs to the Moringaceae family of fast-growing tropical deciduous plants. It has light green leaves, thick, tuberous roots, and an abundance of flowering with long, pendulous fruits and seeds. Because of its enormous capacity to produce edible food, including various vegetative structures like leaves, pod shells, stems, flowers, fruits, and seeds, it is regarded as a multipurpose plant. Bioactiv e substances and nutrients with a broad potential for use in food, including phenolic compounds, fatty acids, carbohydrates, fiber, minerals, vitamins, and functional peptides, are present in these structures. In this study moringa extract was used against metronidazole induced oxidative stress on the brain tissue (hippocampus) of the adult wistar. 
Moringa oleifera

“Moringa has numerous nutritional qualities, it is a source of proteins and important amino acids (cysteine, methionine, lysine, and tryptophan), moringa oleifera is used as a vegetable, herbal tea, and processed food” (Su et al, 2020; Agubosi et al., 2025). “Additionally, flavonoids, carotenoids, and ascorbic acid are abundant in Moringa oleifera leaves. 
Beyond its high nutritional content, this herbal medicine has also shown health benefits. Because of its advantages for mental well-being and smooth skin, Moringa oleifera leaves were used in traditional medicine. Furthermore, a variety of medicinal uses, including antibacterial, antifungal, antiviral, cytotoxic, antihyperglycemic, antioxidant, anti-inflammatory, antiparasitic, and cardioprotective properties, have been linked to Moringa oleifera leaves in both in vitro and in vivo research” (Dhakad et al., 2019).

“Bioactive Phytochemical Components of Moringa oleifera
Phytochemicals are the chemical produce by the plant.They include a wide range of substances that naturally arise and build up in plants at high concentrations and are referred to as secondary metabolites” (Huang et al., 2016). “Roots, seeds, leaves, stems, flowers, and pods of moringa contains phytochemicals” (Prabu et al., 2019). “Plant phytochemicals are divided into five major classes based on their chemical makeup and properties: polyphenols, sulfur-containing compounds, carotenoids, alkaloids, and terpenoids” (Prabu et al., 2019). “Phenolic acids, which have a single phenol ring, and flavonoids, which have many phenol rings, are the two categories opolyphenols. Among the most significant polyphenols present in the Moringa tree are phenolic acids and flavonoids, particularly tannins. According to reports, leaves have the largest overall phenolic contents, ranging from 2000 to 12200 mg GAE/100 g. Moringa leaves have also been found to contain a significant amount of tannins, with dried leaves having the highest concentration. 
“Because of their pharmacological characteristics, isothiocyanates with thiocyanates and thiocarbamates—secondary metabolites produced from glucosinolates—have attracted a lot of interest. Niazidin, niazicin, or niazinin are the main isothiocyanates that have been identified from M. oleifera” (Koziejski et al., 2019).
“Carotenoids are fat-soluble, highly unsaturated pigments that give fruits, vegetables, fungi, bacteria, and algae their distinctive red, orange, or yellow hue” (Saini et al, 2014). 
“Carotenoids are classified into two groups: xanthophylls, which have oxygen atoms bonded to their structure, and carotenes, which are precursors of vitamin A and have a single long carbon chain. Fresh moringa leaves were shown to have a significant β-carotene content (6.6–17.4 mg/100 g), which was higher than that of carrots, pumpkins, and apricots. Moringa dried leaves had an even greater β-carotene concentration, ranging from 23.31 to 39.6 mg per 100 g of dry matter” (Haroen et al., 2022). “Alkaloids are a collection of naturally occurring chemical composites, mostly made up of basic nitrogen atoms; they are secondary compounds made from amino acids or transamination, as well as various elements and proteins” (Dey et al., 2020). Pseudoalkaloids, genuine alkaloids, and protoalkaloids are the three main categories of alkaloids. True alkaloids and protoalkaloids are produced from amino acids, in contrast to pseudoalkaloids. 
“The taste of almost all genuine alkaloids is bitter” (Dey et al., 2020). “The Moringa tree has been found to contain a variety of alkaloids. The most often reported indol alkaloid isolated from the leaves of the Moringa plant was N,α-L-rhamnopyranosyl vincosamide” (Ma et al., 2020). Additionally, glycosides of a pyrol alkaloid, such as marumosides A (pyrrolemarumine 4′′-O-α-L-rhamnopyranoside) and B (4′-hydroxyphenylethanamide), were observed to be present in these leaves. Adedapo et al. (2020) stated that M. oleifera also included two, either trigonelline or moringinine (benzylamine). 
“Additionally, Moringa's high-nutritional-profile proteins and peptide fractions have been investigated as potential constituents” (Aderinola et al., 2019). “The Moringa tree's various biological activity and potential to prevent disease are, in fact, substantially attributed to these phytochemicals. Geographical location, soil type, and climate all affect the existence and quantity of these metabolites” (Singh et al., 2020).

Metronidazole 

“A typical antimicrobial drug used to treat a variety of anaerobic and protozoal diseases is metronidazole (MTDZ). Although MTDZ is a generally safe medication, its long-term usage can be dangerous, as demonstrated by multiple reports that include neurotoxicity and infertility as adverse effects that restrict its long-term use” (Roy et al., 2016). “Because of its excellent oral bioavailability, tolerability, and capacity to deeply permeate tissues, including the central nervous system, it is a widely utilized substance. Bacterial vaginosis and associated antibiotic colitis are among the antibacterial and antiprotozoal illnesses that are treated with metronidazole, an imidazole. One of the main areas of interest for study is the effective regulation of metronidazole in pharmaceutical goods and the removal of metronidazole residues from meals and drinks”. (Chen et al., 2018). “Metronidazole can be treated in many different ways such as activated carbon adsorption, acidic catalytic degradation, UV degradation, microscopic degradation, etc. It is difficult to remove entirely, like Metronidazole wastewater, as an industrial wastewater specializing in pharmaceutical products with a complex structure and restricted biodegradability. Adsorption of wastewater is widely used for the disposal of hazardous organic compounds. The adsorption process moves only contaminants from the water to the solid phase and does not completely deteriorate” (Kim et al., 2010). 
Mechanism of toxicity of Metronidazole 
“The mechanism of action of Metronidazole defines the other nitroimidazoles. The nitroimidazoles have a heterocyclic form composed of a NO2 imidazole-dependent nucleus. The mechanism of action of Metronidazole involves four main steps, which lead to the intracellular formation of essential redox intermediate metabolites” (Soares et al., 2012). “In the first two phases, the compound is passed into cells by means of passive diffusion, and an electron is passed to the Metronidazole nitro group, leading to a short-lived nitroso free radical, cytotoxic, which can interact with cellular DNA. This activation process produces a concentration gradient that increases the organism's intake of the drug, further enhancing its antimicrobial activity. The third phase in the action of Metronidazole involves the cytotoxic effect of the reduced drug, as the active compound of Metronidazole can prevent the synthesis of DNA and cause DNA damage by oxidation, resulting in the splitting of single and double strand. This causes DNA degradation with Metronidazole and death of the cells. Finally, the inactive end products of the drug have been released. The microbial selectivity of Metronidazole indicates that aerobic bacteria are unable to activate the medication because they lack sufficiently negative redox potential with the required electron transport proteins. However, the redox potential of the electron transport chain is sufficiently negative in susceptible anaerobic bacteria to reduce the nitro Metronidazole group” (Sharma and Gupta, 2022)




HIPPOCAMPUS 

“The hippocampus is an elongated convex structure deep in the medial temporal lobe and presents an elevation along the floor of the inferior horn of the lateral ventricle. The hippocampus has the archipallial cortex and is formed by the infoldings of the dentate gyrus, cornu ammonis and subiculum. The subiculum is continuous with the six-layered neocortex (parahippocampal gyrus). During development, cornu ammonis and dentate gyrus are folded into the inferior horn of the lateral ventricle at the hippocampal sulcus; the process brings the outer molecular layers of the dentate gyrus and subiculum close to each other” (Jabes, 2011). 
Additionally, “the shape of the hippocampus in gross dissection looks like a seahorse. The hippocampus is also known as ‘Ammon’s horn' because the C-shaped coronal section of the hippocampus resembles a ram's horn. The hippocampus is also known as ‘pes hippocampi’ because its anterior bulbous extremity is marked by some grooves and the feature resembles a paw of an animal” (Dekeyzer et al., 2017). “The ventricular surface of the hippocampus is covered by the alveus, a thin sheet of white matter. The alveus is formed by the axons of hippocampal pyramidal cells; the fibers of the alveus converge at the medial margin of the hippocampus to form fimbria hippocampi” (Fogwe et al., 2021; Parmar et al., 2018). “The fimbria hippocampal then proceeds posteriorly, covering the dentate gyrus and reaching the splenium of the corpus callosum; thereafter, it continues with the fornix” (Knierim et al., 2015; Dekeyzer et al., 2017).
“The fimbria-dentate sulcus separates the fimbria and the dentate gyrus. The fimbria continues as the fornix around the thalamus, separated by the choroidal fissure, containing the choroidal plexus” (Patra et al., 2018; Parmar et al., 2018).
Significance of study
This study was to advance our knowledge of the neurotoxicity of Metronidazole on adult Wistar rats, the histo-morphological effect and biochemical effect of Metronidazole on the hippocampus of adult male Wistar rats, and the effect of aquous moringa oleifera leaves extract on metronidazole-induced hippocampus damage of adult Wistar rats.
2.0 material and methods 

2.1 Chemical and Kits
Metronidazole, under the trade name of Flagyl® (250 mg tablets), were purchased from a Pharmacy Department LAUTECH, Ogbomoso Oyo State. The dosing and selection of metronidazole dose were based on previous research findings. According to Ogbonye et al., 2020, administering metronidazole at high dosages to rats can harm the brain. It can lead to cell distortion or displacement in the cerebellum and cause damage to the cells of the pituitary gland. Metronidazole at this dose caused neurotoxicity, as shown by Oda, 2012. ELISA kits was gotten from Elabscience in the United State biochemical determination.


2.2.1 Preparation of Aqueous moringa leaves  

The leaves were harvested fresh, greenish in colour, washed with distilled water, and air-dried under shade for 4 weeks, crushed, and ground into fine powder by an electric grinder (230V electric supply, 11000 rpm). The extraction of Moringa oleifera was done at Ladoke Akintola University of Technology, Ogbomoso, in the Department of Food Science and Engineering. About 1kg of the powder was taken and soaked in 1liter of distilled water and kept in a shaker at room temperature for 24 hours, then filtered through cheesecloth as mentioned by Amadi et al., 2023. The filtrates were collected, freeze-dried, and the resulting extract of Moringa oleifera was weighed and stored air-tight in a dark container at 4℃ until it’s used as described by Oyewo et al., 2013. The LD50 was reported to be 1585mg/kg by Awodele et al., 2012. While the dose of aqueous leaf extract of Moringa oleifera (100mg/kg/bw) was selected based on previous literature using Moringa oleifera leaf extract against metal-induced toxicity mentioned by Vinodini et al., 2015. Also, (200mg/kg/bw) as described by Abijo et al., 2019.
2.3 Acclimatization of the experimental animals 
Forty-eight (48) Adult Wistar rats (weighing 140-160g each) were gotten from the animal breeder in stadium area, Ogbomoso, Oyo State, Nigeria. All animal specimens underwent thorough health checks. Before the experiment, they were allowed a week to acclimate to the laboratory environment. During this period, the rats were maintained in a calm atmosphere with natural airflow and a 12 h light–dark cycle. Rats were housed in plastic cages measuring 20 x 10 x 12 inches in temperature-controlled (22.5°C ±2.5°C) quarters with lights on at 7.00 am. Rats were allowed free access to food and water.
2.4 Experimental design
The acclimated animal were divided into six (6) groups of ten (8) animals each
Group A (Control):  administered normal saline. 
Group B: Received 500mg/kg of metronidazole
Group C: Received 100 mg/kg of moringa extract
Group D: Received 200mg/kg of moringa extract 
Group E: were co-treated with 100mg/kg of moringa and 500mg/kg of metronidazole 
Group F: Received 500 mg/kg of Metronidazole and treated with 200 mg/kg of moringa extract.

The administration of Metronidazole and Moringa extract were done concurrently orally with the aid of oral cannula for 60days
Animal sacrifice and collection of organs 
The experiment Animal were exposed to behavioral paradigm (Y-maze), at 61st day the Animal were euthanized by cervical dislocation, the hippocampus conus amonis was taken out, one section was homogenized for biomedical analysis [lipid peroxide (MDA) and superoxide Dismutase (SOD) while the other section was fixed in neutral buffered and processed further for histological study staining with Hematoxylin and Eosin stain
Spatial Memory Tests using Y-maze
Spatial working memory was assessed using the Y-maze composed of three equally spaced arms (120°, 41cm long and 15cm high). The floor of each arm is made of Perspex and is 5cm wide. Spatial working memory is measured by monitoring spontaneous alternation behaviour. Spatial working memory is the propensity of rodents to alternate conventionally non-reinforced choices of the Y-maze on successive opportunities. Each rat was placed in one of the arm compartments of the Y maze and allowed to freely move until its tail completely enters another arm. Each rat was placed in one of the arm compartments and was allowed to move freely until its tail completely enters another arm. 
[bookmark: _GoBack]“The sequence of arm entries is manually recorded, the arms being labelled A, B, or C. An alternation is defined as entry into all three arms consecutively, for instance if the animal makes the following arm entries; ACB, CA, B, C, A, CAB, C, A, in this example, the animal made 13 arm entries 8 of which are correct alternations The number of maximum spontaneous alternations is then the total number of arms entered minus two, and the percentage alternation is calculated as {(actual alternations /maximum alternations) x 100}. For each animal the Y-maze testing was carried out for 5 minutes. The apparatus was cleaned with 5% alcohol and allowed to dry between sessions” (kraeuter et al., 2019). The radial arm maze apparatus has eight equidistantly-spaced arms that are approximately 3 cm long. Each arm radiates from a small circular central platform. Each rat is placed on the central platform of the maze and allowed to move freely through respective arms while its behaviours were recorded for 5 min. working memory was scored in the same pattern as the Y- maze.
Biochemical Investigation
The hippocampus were separated and washed with an ice-cold saline solution, then the tissue was homogenized in a 1:10 (w/v) solution of ice-cold KCL buffer (1.15%, pH 7.2).

Determination of Superoxide Dismutase (SOD) Activity 
Superoxide dismutase's ability to prevent epinephrine from auto-oxidizing at pH 10.2 is the basis for a simple assay of this enzyme. As epinephrine concentration ns increased, the xanthine oxidase process created superoxide anions, which in turn caused epinephrine to be oxidized to adenochrome. These results suggest that at least two different mechanisms lead to the auto-oxidation of adrenaline, only one of which is a chain reaction involving superoxide radicals that can be blocked by superoxide dismutase.
Determination of Malondialdehyde Concentration
 A test tube holding 0.5 ml of the serum sample was pipetted with 0.5 ml of normal saline. After adding about 2 ml of the thiobarituric acid (TBA) mixture, it was allowed to boil for an hour, cooled to room temperature, then centrifuged for five minutes at 4000 rpm. At 535 nm, the clear supernatant was measured.
Morphological Studies
 They paraffin wax embedded tissues were serially sectioned at 5µm and processed for Haematoxylin and Eosin staining reactions.
2.5 Statistical analysis 
Data were analyzed using the SPSS software (SPSS Inc., Chicago, IL, USA). Statistics were reported as standard deviation. The Shapiro–Wilk test was used to test for normality. Differences among groups for normally distributed variables were analyzed using ANOVA. In cases where the analysis of variance was significant, a post hoc Tukey test was used to identify statistically significant pairings. A p-value of less than 0.05 was considered statistically significant.


3. results and discussion





Figure 1: Effects of Moringa oleifera aqueous leaf extract on Y-maze correct alternation in metronidazole-treated rats. Each bar represents Mean ± S.E.M, *p =0.001 vs. control, #p =0.001 significant difference from MTDZ, number of rats per treatment group =8. MTDZ: metronidazole, MOL: Moringa oleifera.

Effects of Moringa oleifera aqueous leaf extract on Y-maze correct alternation in metronidazole-treated rats.
[bookmark: _Hlk211499518]Figure 1 shows the effect of Moringa oleifera aqueous leaf extract on Y-maze correct alternation in metronidazole-treated rats.  
Correct alternation significantly (p=.001) decrease in the MTDZ group compared to the control (group A) while no statistically significant difference was observed in the Moringa only groups(C and D), and the co-administered groups E and F compared to the control (group A). When compared to the MTDZ group (B), correct alternation increase significantly (p=.001) with co-treated groups (E, and F). 
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Figure 2: Effects of Moringa oleifera aqueous leaf extract on levels of superoxide Dismutase (SOD) in metronidazole-treated rats. Each bar represents Mean ± S.E.M., *p =0.001 vs. control, #p =0.001 significant difference from MTDZ, number of rats per treatment group =8. MTDZ: metronidazole, MOL: Moringa oleifera.





Effects of Moringa oleifera aqueous leaf extract on the levels of superoxide Dismutase (SOD) in metronidazole-treated rats.
Figure2 shows the effect of Moringa oleifera aqueous leaf extract on the levels of SOD in metronidazole-treated rats.  
SOD decrease significantly (p =.001) in the MTDZ group, Moringa groups (C and D) and co-treated group E compared to control. Compared to the MTDZ group, a statistically significant increase (p =.001) was observed in groups E, with group F showing the highest levels of SOD. 
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Figure 3: Effects of Moringa oleifera aqueous leaf extract on levels of Malondialdehyde (MDA) in metronidazole-treated rats. Each bar represents Mean ± S.E.M, *p < p =0.001 vs. control, #p<p =0.001 significant difference from MTDZ, number of rats per treatment group =8. MTDZ: metronidazole, MOL: Moringa oleifera


Effects of Moringa oleifera aqueous leaf extract on the levels of malondialdehyde (MDA) in metronidazole treated rats. 
Figure 3 shows the effect of Moringa oleifera aqueous leaf extract on the levels of malondialdehyde (MDA) in metronidazole-treated rats. A significant increase (p =.001) was observed in the MTDZ group compared to the control (group A). A statistically significant increase was observed in the groups fed Moringa oleifera aqueous at 100mg/kg and 200mg/kg (groups C and D), and the groups co-administered Moringa oleifera aqueous at 100mg/kg, 200 mg/kg and metronidazole (groups E and F). However, compared to the metronidazole control (group B), a statistically significant decrease (p =.001) was observed in the co-treated groups (E and F).

Plate 1: Photomicrograph of H &E stained of section of connus ammonnis (Mag. X400)

[image: C:\Users\OLANIYAN ISAAC\Desktop\HISTOLOGICAL\Pict..png]
Plate 1: Photomicrograph of Hematoxylin and Eosin-stained section of hippocampal cornu ammonis. Sections revealed distinct CA2 and CA3 layers (black arrows) in the hippocampus, characterized by the presence of numerous multipolar-shaped pyramidal cells with large, rounded, vesicular nuclei. Also observed are the numerous granules and neuroglia (red arrow) in the molecular layer in rats administered vehicle (4.2A).  Degenerating Pyramidal cells, granule cells, and neuroglia are observed in the group administered MTDZ (4B). A fairly good restoration of the features of Conus ammonis was observed in the group administered MTDZ and Metronidazole at 100mg/kg (4F). However, the features were better restored in the group administered MTDZ and Metronidazole at 200mg/kg (4F). Mag. X400. 





DISCUSSION
The usage of medicinal plants and plant extracts has been in existence since the age of Paleolithic age (Hardy et al., 2020). The merit and ultimate expected outcome of its usage have proven its worth even in the current era. Several findings, both in animal studies and herbal medicine, have shown that plant extract remains relevant despite the advancement in modern medicine (Sameen, 2025). The usage of several medicines, such as metronidazole, an antibiotic and antiprotozoal medication commonly used in the treatment of infections caused by anaerobic bacteria and certain protozoa, has attracted attention in clinical trials in recent decades due to its adverse effects. Its adverse effects, which include Central nervous system toxicity, loss of appetite, and severe skin reactions among others (Sorensen et al., 2018). These adverse effects have geared up the quest to further search for plant materials that will not mitigate its efficacy but can alleviate its adverse effects.
This study investigate the potential ameliorative effects of Moringa oleifera aqueous extract on alterations in biochemical and histo-morphological indicators of hippocampus integrity, spatial memory, and the results showed that Moringa oleifera aqueous extract protected against neurotoxicity induced by administration of metronidazole on hippocampus of Wistar  rats.
Concerning the alternation index in the Y-maze model as observed in this study, Metronidazole administration was associated with a significant decrease in correct alternation, a pointer to the memory-impairing effects of its usage.  The percentage correct alternation index observed in the Moringa oleifera groups was similar to the control. However, co-administration of Moringa oleifera in the groups treated with Metronidazole revealed an increased level of percentage correct alternation compared to the group administered Metronidazole. These effects, in agreement with other findings, show that Moringa oleifera possesses a positive impact on the memory (Sutalangka et al., 2013). As regards the percentage correct alternation seen in the groups administered Moringa oleifera at 100mg/kg, 200 mg/kg, and the group’s co-administered metronidazole and Moringa oleifera at 100mg/kg and 200 mg/kg. It was observed that the Moringa oleifera will only or possibly possess a memory-improving effect in conditions that impair memory and not necessarily in normal conditions, because no significant difference was observed in percentage correct alternation in the groups administered Moringa oleifera only and the control group. This effect agrees with a study that reported similar effects (Sutalangka et al., 2013) while it contrasts a study that reported that Moringa oleifera improves memory in healthy rat models and is not limited to memory-impairing conditions alone.
In this study, metronidazole administration was linked to lower levels of Superoxide Dismutase, an important antioxidant enzyme. The result supports the oxidative effects of metronidazole and is consistent with earlier research that found comparable results (Onopiuk, 2018).  The metabolites of metronidazole produce reactive nitrogen and oxygen species, such as peroxynitrite, hydroxylamine derivatives, and nitro radicals, which increase the production of free radicals, a sign of oxidative stress in a host system. However, by raising SOD levels at a dose-dependent level, Moringa oleifera treatment reduced oxidative stress. In line with Ahmed's (2020) report of the same effects. This is further corroborated by the increase in MDA levels observed in metronidazole groups, which also have been reported by other researches that long-term or overdose metronidazole treatment increases MDA levels (Coskun et al.,2024 and Onopiuk et al, 2018)  Several investigations have demonstrated that moringa lowers the effects of metronidazole by lowering the quantity of MDA in the brain (Tahoun,2017). 
In this study the photomicrographs of the hippocampal connus amonis shows the debilitating impact of metronidazole administration, as observed with the loss of the pyramidal neurons of the conus ammonis in the MTDZ administered group. However, these neurodegenerative effects of metronidazole was reversed with moringa administration as observed in the photomicrographs in the groups co-administered moringa and MTDZ. The alleviating effects of moringa oleifera on the histoarchtecture of the connus ammonis could be attributed to its ability to reverse oxidative stress, and neuroinflammation-induced by MDTZ administration as studies have reported an association neuronal loss, oxidative stress and inflammation.

4. Conclusion

The findings of the present study affirm the anti-oxidant and anti-inflammatory properties as well as the behavioral effects of Moringa oleifera, which makes it a viable substance in alleviating the neurotoxicity, particularly the adverse effects of metronidazole usage in clinical trials. This study indicate that Moringa oleifera leaf aqueous extract possesses significant neuroprotective effects against metronidazole-induced neurotoxicity in the connis amonus of adult wistar rats
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