


Neuroprotective and Anticonvulsant Effects of Guava Leaf Extract (Psidium guajava): Implications for Seizure Management and Cognitive Health

Abstract
Introduction: Epilepsy is a chronic neurological disorder characterized by recurrent seizures that severely impact quality of life. The increasing need for safer and more effective anticonvulsant therapies has led to the exploration of herbal remedies. This study investigates the anticonvulsant and neuroprotective properties of Psidium guajava leaf extract using a pentylenetetrazol (PTZ) model of induced seizures in rats.
Methods: Twenty-five male Wistar rats were divided into five groups: a normal control, an epileptic control, a standard drug (Diazepam), and two groups treated with low (200 mg/kg) and high (400 mg/kg) doses of guava leaf extract. After a week of treatment, seizures were induced using PTZ (65 mg/kg), and seizure parameters were recorded. Cognitive function was assessed using the Novel Object Recognition Task. Histopathological evaluations were conducted on the hippocampus, and statistical analyses were performed with a significance level set at p < 0.05.
Results: The PTZ group exhibited increased seizure frequency and duration compared to controls, with significant differences (p < 0.05). Both doses of guava leaf extract significantly reduced seizure activity (p < 0.05), with the high dose showing markedly greater efficacy. Cognitive assessments revealed improved memory and habituation indices in extract-treated groups relative to the PTZ control (p < 0.05), while Diazepam treatment resulted in cognitive impairments. Histological analysis revealed severe neurodegeneration in the PTZ group, whereas guava leaf extract groups showed reduced degeneration and better-preserved neuronal architecture (p < 0.05).
Conclusion: Psidium guajava leaf extract exhibits significant anticonvulsant and neuroprotective properties in a PTZ-induced seizure model, suggesting its potential as a complementary therapy in the management of epilepsy. The findings underscore the need for further studies to explore the extract's mechanisms of action and its applicability in clinical settings.
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1. INTRODUCTION
Epilepsy is a chronic neurological disorder marked by recurrent seizures that adversely affect quality of life (Sirven, 2015; England et al., 2012). Seizures result from sudden electrical activity in the brain and vary in type and severity, leading to various physical and emotional challenges (Stafstrom & Carmant, 2015). Individuals with epilepsy often confront stigma, safety concerns, and activity limitations (Kerr et al., 2012). Effective management typically involves medication, lifestyle changes, and support systems to enhance overall well-being (Al-Aqeel et al., 2020).
The World Health Organization (WHO) estimates that approximately 50 million people globally have epilepsy, making it one of the most prevalent neurological disorders (Liu et al., 2023; Chen et al., 2023). This prevalence highlights its importance as a public health issue (Kassahunb et al., 2023). Epilepsy affects all age groups and demographics, leading to challenges such as social stigma, limited treatment access, and increased comorbidity with mental health disorders (Tsigebrhan et al., 2021). Thus, raising awareness, improving diagnostic methods, and enhancing treatment options are essential for effective management and support of individuals living with epilepsy.
Pharmacological treatments for epilepsy, including benzodiazepines and antiepileptic drugs (AEDs), have notable limitations such as side effects, dependence potential, and incomplete seizure control (Wahab, 2010). While AEDs provide benefits, they can also cause side effects like aggression, agitation, and irritability in some patients (Brodie et al., 2016). Furthermore, these treatments often fail to address cognitive deficits commonly associated with seizure disorders, which can further diminish quality of life (Foster et al., 2020).
Individuals with epilepsy often experience cognitive impairment (Holmes, 2015). This impairment can impact various cognitive functions such as memory, attention, and problem-solving skills (Hoxhaj et al., 2023). Many cognitive challenges are shaped by a range of interconnected factors, including the early onset of epilepsy and the frequency, intensity, and duration of seizures, as well as the effects of antiepileptic drug treatments (Novak et al., 2022). It is crucial to recognize and address these cognitive concerns to enhance the overall quality of life for people with epilepsy, as they can significantly affect educational and occupational outcomes, as well as social interactions.
 In the quest for alternative therapeutic strategies, herbal medicine has garnered attention for its perceived effectiveness and reduced side effects compared to conventional pharmaceuticals (Wang et al., 2023; Anani et al., 2024). Psidium guajava, or guava, has been traditionally employed in various cultures for its medicinal benefits, including its potential antiseizure effects (Pushpa et al., 2014). The leaves of guava contain numerous pharmacologically active compounds, such as flavonoids and polyphenols, which are known for their antioxidant and anti-inflammatory properties (Huynh et al., 2025). Recent studies emphasize the potential neuroprotective effects of guava leaf extract, indicating its capacity to reduce oxidative stress and inflammation—two critical factors in neuronal damage associated with seizures (Saad et al., 2020; Sahal et al., 2024).
The present study aims to investigate the anticonvulsant and neuroprotective properties of guava leaf extract using a pentylenetetrazol (PTZ) model of seizures in rats. The PTZ-induced seizure model is well-established for its reliability in replicating the pathological features of epilepsy and is characterized by altered neurotransmission, particularly through the modulation of GABAergic and glutamatergic pathways (Shimada & Yamagata, 2018; Aleshin et al., 2023). In light of the adverse cognitive effects associated with seizure activity, this study will also evaluate the cognitive function of the experimental animals concurrently with the assessment of the anticonvulsant effects of guava leaf extract. This dual focus aims to provide a comprehensive understanding of the extract's potential benefits in mitigating both seizure activity and cognitive impairment.
The research is grounded in the hypothesis that guava leaf extract can effectively reduce both the frequency and duration of seizures while simultaneously enhancing cognitive function, attributable to its neuroprotective properties. Furthermore, the study aims to compare the efficacy of guava leaf extract with that of diazepam, a widely utilized anticonvulsant, and assess any potential cognitive impairments associated with diazepam use. This investigation seeks to provide valuable insights into the therapeutic potential of guava leaf extract as a complementary treatment for epilepsy, particularly in addressing seizure-related cognitive deficits. By elucidating the advantages of guava leaf extract, this research could pave the way for developing alternative therapies with fewer side effects that could improve the quality of life for individuals living with epilepsy.
By elucidating the effects of guava leaf extract on seizure activity and cognitive function, this study aims to pave the way for future research and clinical applications in the management of epilepsy and related neurodegenerative conditions. In investigating the neuroprotective effects of guava leaf extract, we aspire to identify viable alternatives that could enhance overall treatment outcomes for individuals suffering from seizure disorders. Additionally, this research may foster a better understanding of the underlying mechanisms through which natural compounds, like guava leaf extract, exert their therapeutic effects, facilitating the development of more effective and safer treatment options. Ultimately, the findings could contribute to expanding the repertoire of therapies available for managing epilepsy, promoting not just seizure control but also improved cognitive health for those affected.













2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Guava Leaf Extract Preparation
The guava (Psidium guajava) leaves used in this experiment were sourced from guava trees located in the compound of Mr. Blessing Eteng at No. 4 Archibong Ika Street, Calabar South, Cross River State. To verify their authenticity, the leaves underwent botanical authentication at the Plant Science Department of the University of Calabar, Nigeria, where a specimen record was established in the department's plant collection with the voucher code Bot/Herb/UCC/0095. 
To prepare the extract, freshly harvested guava leaves were washed with tap water to eliminate contaminants and left to air dry naturally at room temperature in a laboratory setting for 14 days. After drying, the leaves were initially crushed using a mortar and pestle, followed by grinding into a fine powder with a blender. For the hydro-solvent tincture, 650g of the powdered guava leaves were combined with 3000ml of distilled water and allowed to steep for 48 hours. The resulting mixture was filtered twice, first through cheesecloth and subsequently with Whatman No. 1 filter paper, to achieve a clear solution.
The filtrate was then concentrated under reduced pressure at 45°C using a rotary evaporator until it reached one-tenth of its original volume. This concentration process was followed by complete drying in a vacuum water bath, resulting in a yield of 56g of crude extract from Psidium guajava, following methods adapted from Harborne (1998). This careful extraction process ensures the preservation of the potential bioactive compounds within the guava leaves, setting the stage for further analysis of their efficacy in the treatment of seizure disorders and cognitive impairments.
2.1.2 Chemicals and Reagents
The pentylenetetrazol (PTZ) utilized in the experiment was procured commercially from Sigma Aldrich, Germany. In addition, Diazepam (Jarzepam), with a concentration of 10mg/2ml, was obtained from Bez Pharmacy, located in Calabar, Cross River State. Both chemicals were of high purity and conformed to analytical grade standards, ensuring their reliability and consistency, which is crucial for producing accurate and reproducible outcomes in the study.
For the experiment, the required concentration of PTZ was prepared by dissolving 195mg of PTZ in 15ml of normal saline. This process resulted in a solution with a concentration of 13mg/ml, suitable for inducing seizure activity in the experimental model. The precise preparation of the PTZ solution is vital for the standardization of doses used in the seizure induction process, ensuring that the effects of the guava leaf extract can be adequately assessed against a consistent baseline. This methodological rigor is integral to validating the findings of this study and supports the potential for further research into the therapeutic applications of guava leaf extract in managing seizure disorders.
2.1.3 Study Animals
The experiment utilized 25 healthy male Wistar rats, each weighing between 90-110g. These rats were acquired from the animal house of the Faculty of Basic Medical Science at the University of Calabar. Upon arrival, they were housed in standard wooden cages equipped with iron nettings to ensure proper ventilation while maintaining a safe environment.
The rats were kept in a controlled environment with a temperature maintained at 25±2°C and relative humidity at 50±5%. Additionally, a 12-hour light/dark cycle was implemented to mimic natural conditions, thereby promoting normal physiological and behavioral rhythms in the animals. Prior to the commencement of the experiments, the rats were acclimatized to their surroundings for a sufficient period, which is critical to minimize stress and ensure reliable results.
Each rat was carefully monitored for health and well-being during the acclimatization and experimental periods. The ethical considerations for the use of laboratory animals adhered to the principles outlined by relevant animal care and use guidelines. This careful management of the laboratory environment and the welfare of the rats contributed to the integrity of the study, allowing for a comprehensive assessment of the effects of the guava leaf extract on seizure activity and any associated cognitive impairment in the experimental model.
2. Experimental Design
2.2 Study Groups
The study involved 25 male Wistar rats, which were systematically divided into five distinct groups (A, B, C, D, and E), with each group consisting of five rats. The groups were designed to assess the anti-convulsant effects of the Psidium guajava leaf extract, using Diazepam as a reference drug for comparison.
Group A (Normal Control): This group received standard rat feed and distilled water for a duration of 14 days to establish a baseline for typical behavior and physiological responses.
Group B (Epileptic Control): In this group, epilepsy was induced by administering a single dose of pentylenetetrazol (PTZ) at a concentration of 65 mg/kg. This serves as the baseline for evaluating seizures in the absence of treatment.
Group C (Standard Drug): This group received 4 mg/kg of Diazepam prior to the induction of epilepsy with PTZ. The purpose of this group was to provide a comparative benchmark for assessing the efficacy of the guava leaf extract in mitigating seizure activity.
Group D: Rats in this group were treated with 200 mg/kg of Psidium guajava leaf extract, administered orally every day at 9 am for one week, before the induction of epilepsy with PTZ. 
Group E: This group received a higher dosage of Psidium guajava leaf extract at 400 mg/kg, administered similarly as in Group D, for one week prior to the PTZ challenge.
The careful administration of treatments and induction of seizures within this framework was crucial for systematically evaluating how the Psidium guajava leaf extract influences seizure activity and the overall behavioral outcomes in the Wistar rats. The findings from this study are anticipated to contribute valuable insights into the potential therapeutic applications of guava leaf extract in epilepsy management. Statistical analyses was conducted to assess the significance of differences observed between groups in terms of seizure frequency, duration, and other related parameters.
2.3 Dosage and Administration Protocol
After a week of treatment, Psidium guajava leaf extract and Diazepam were administered to their respective groups, setting the stage for the subsequent seizure induction. 
The specific treatment protocol was as follows:
1. Treatment Phase: The Psidium guajava extracts (200 mg/kg for Group D and 400 mg/kg for Group E) were administered orally once daily at 9 am for a total of seven days. Meanwhile, Group C received Diazepam at a dose of 4 mg/kg, which was administered intraperitoneally on the same schedule prior to seizure induction. This approach allowed for a consistent administration of the extracts and the standard drug.
2. Seizure Induction: Following the 7-day treatment period, all groups except the normal control (Group A) were subjected to seizure induction using pentylenetetrazol (PTZ), administered intraperitoneally at a single dose of 65 mg/kg. This model is well-established for studying convulsive activity, allowing for an objective assessment of the impact of the treatments on seizure severity.
3. Observations: Post-PTZ administration, the rats were carefully monitored for seizure onset, frequency, duration, and any other behavioral changes indicative of convulsive activity. The responses were recorded within a specified observation period following the administration of PTZ, typically lasting from the point of injection until the cessation of seizure activity.
4. Data Analysis: The data collected after seizure induction were analyzed to compare the efficacy of Psidium guajava leaf extract against the PTZ-induced seizures relative to the control and Diazepam groups. Parameters such as the number of seizures, the total duration of seizures, and the latency to the first seizure were evaluated to determine the potential anticonvulsant properties of the guava leaf extract.
2.4 Treatment Phase 
2.4.1 Administration of Psidium guajava leaf extract 
A dose of 200 mg/kg and 400 mg/kg of Psidium guajava leaf extract was administered orally. Dosages were based on a previous study by study by Babatola et al., (2019) indicating the extract's safety margin of over 5000mg/kg. The extract was dissolved in distilled water to prepare the solution for administration. The appropriate volume of the solution containing each dose was measured and delivered to the subjects, ensuring accurate dosing. Care was taken to administer the extract comfortably and safely, allowing for proper absorption. Following administration, the subjects were monitored for any immediate responses or side effects related to the treatment.
2.4.2 Diazepam Administration.
A dose of 4 mg/kg diazepam was given to the rats via intraperitoneal injection using a sterile technique as described by Supasai et al., (2020). For a rat weighing 100 grams (0.1 kg), this equated to a dose of 0.4 mg of diazepam. The diazepam was prepared by dissolving the appropriate amount in a suitable solvent, such as normal saline, to achieve the desired concentration. A sterile syringe was used to draw the calculated volume of the diazepam solution, ensuring accurate dosing. The injection was carefully administered into the peritoneal cavity, avoiding major blood vessels and minimizing stress to the animal. After the injection, the rats were closely monitored for any immediate adverse reactions to ensure their safety and well-being throughout the observation period.
 2.5 Induction of Seizures
Pentylenetetrazol (PTZ) was used to induce seizures in test rats. PTZ is a chemical compound commonly used in research to induce seizures in animal models for the study of epilepsy and seizure disorders. PTZ acts as a central nervous system stimulant and is known to inhibit gamma-aminobutyric acid (GABA) receptors, which normally help inhibit neuronal activity. By blocking these inhibitory signals, PTZ increases neuronal excitability, leading to the onset of seizures (Shimada & Yamagata, 2018). This makes it a valuable tool for researchers to study the mechanisms of seizures and to evaluate the effects of antiepileptic drugs or treatments, such as Diazepam, on seizure activity and characteristics.
2.5.1 Pentylenetetrazol (PTZ) Administration.
A 65 mg/kg dose of pentylenetetrazol (PTZ) was administered to the rats via intraperitoneal injection using a sterile technique as described by Yuskaitis et al., (2021). To prepare for the injection, the weight of each rat was measured to calculate the appropriate dose; for example, a rat weighing 100 grams would receive 6.5 mg of PTZ. The PTZ was dissolved in an appropriate solvent, typically normal saline, to create a solution at the desired concentration, such as 1 mg/mL. A sterile syringe was used to draw the calculated volume of the PTZ solution, ensuring that the administration was precise. The injection was delivered carefully into the peritoneal cavity while avoiding major blood vessels and minimizing stress to the animal. After the injection, the rats were monitored for any immediate adverse reactions to ensure their safety and welfare throughout the observation period.
2.5.2 Observation of Seizure and  Scoring Criteria
High-definition cameras were strategically positioned to visually capture any behavioral manifestations of seizures during the observation period. This setup ensured that all seizure activity was recorded accurately for further analysis (Pediaditis et al., 2012). After the induction of seizures, a 30-minute observation period was initiated. This was a critical timeframe allowed for the monitoring of the subjects to identify and record seizure events. During the observation period, various parameters related to seizure activity were systematically documented, including the precise time at which each seizure began, the number of myoclonic jerks experienced by the subjects, the duration of each tonic-clonic seizure, and the total time spent in seizure activity for each subject.
Novel Object recognition task
Three days to the termination of experiment, the novel object recognition task (NORT) was carried out. The novel object recognition task (NORT) involves an initial habituation phase for subjects to adjust to the experimental setup, and was conducted in an open field (OF) box (38 x 38 cm). Both acquisition and recognition trials were conducted on the same day with intertrial intervals of 5 minutes to 1 hour. In the first trial, two identical objects (O1 and O2) were placed diagonally in an arena and secured with Tac’NStik. Rats were introduced to the arena from their home cages via a yogurt container and allowed to explore for 5 minutes. After the trial, rats were returned to their home cages. Following the intertrial interval, rats were brought back for a second trial featuring one familiar object and one novel object (N). The exploration behavior of the rats was observed and recorded for another 5 minutes to assess changes in recognition and memory recall (Antunes & Biala,  2012).
2.6 Termination of Experiment 
2.6.1 Collection of tissue samples for analysis
At the end of the 14-day experiment, the animals were sacrificed and perfused using chloroform vapour and dissected. Their cerebral structures were carefully extracted, and specific focus was directed towards the identification and isolation of the hippocampus which was fixed in formal saline preparation for histological analysis.
2.7 Histological evaluation
Fixed hippocampal tissue was processed for histopathological examination through several steps: dehydration, clearing, infiltration, embedding, blocking, sectioning, and staining. After fixation, the tissue was washed, dehydrated in ethanol (70%, 90%, and 100%), and cleared in xylene. It was then infiltrated with paraffin wax at 60˚C for 2½ hours per step. The tissue was embedded in wax blocks and sectioned into 5µm slices using a rotary microtome. The sections were placed on slides, air-dried, and preserved for staining. The tissue sections were stained using haematoxylin and eosin (H&E) as described by Bancroft and Stephens (1982). Images were captured with a light microscope at a magnification of X400.
2.8 Statistical analysis
The results were presented as mean mean ±standard error of mean. To compare mean values of antiepileptic activity and neurobehavioral tests among groups, one-way ANOVA was used. Data interpretation was performed using SPSS version 26 for Windows. A significance level of p<0.05 was set, and considered statistically significant.














3. RESULTS 
3.1 Effects of Guava Leaf Extract on Seizure Parameter
The assessment showed differences in critical metrics used to characterize and evaluate seizure activity in the experimental animals with epilepsy. PTZ group showed increased frequency and duration of seizure jerks, as well as prolonged tonic-clonic seizures. Low dose group show reduction in the frequency and duration of jerks and tonic-clonic seizures. High dose group showed further reductions in the frequency and duration of jerks and tonic-clonic seizures. Diazepam treatment group experienced no episodes of jerk, duration for jerks, or tonic-clonic seizures as (fig. 1). 




3.2 Cognitive Function Assessment Results
Neurobehavioral Assessment showed differences in the various measurable aspects of cognitive abilities in the experimental animals. PTZ group showed decreased habituation indices for both short-term and long-term memory, low dose group showed  significantly improved habituation indices for both short- and long-term memory. High dose showed more substantial increase in short-term habituation and only a modest increase in long-term habituation indices. The Diazepam group showed exhibited decreased habituation indices for both short- and long-term memory compared to the guava leaf extract groups (fig. 5). 




3.3  Histological features 
Histological Analysis showed differences in the microscopic characteristics of the Hippocampus tissues as observed under a microscope. PTZ group revealed neurodegeneration, vacuolation, gliosis, layer degeneration, and neuroinflammation in the CA2 area of the hippocampus in the PTZ group. Low dose group demonstrated reduced neuronal degeneration, decreased vacuolation, lower gliosis, enhanced vascular integrity, and partial restoration of the polymorphic layer in the hippocampus. High dose group revealed near-normal neuronal architecture, minimal vacuolation, minimal gliosis, fully restored vascular integrity, and well-preserved polymorphic layers compared to the low dose group. Diazepam displayed histological features comparable to those observed in the high dose guava leaf extract group (plate 1-5).




PLATE 1: Photomicrograph of a section of hippocampus from group A (normal control) showing pyramidal layer, pyramidal layer (P), molecular later (M), polymorphic layer (PO) and vascular structures (V) H & E, Mag. X100. 
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PLATE 2: Photomicrograph of a section of hippocampus from group B (PTZ control). In the pyramidal layer (P), some pyramidal neurons appear shrunken and darkly stained with loss of normal neuronal architecture and irregular arrangement of pyramidal cells. There is presence of vacuolated spaces in the neuropil. There is presence of increased glial cells (astrocytes and microglia) (G). There is disrupted arrangement of pyramidal neurons in the CA2 area of the Hippocampus (L). There is also increased presence of dark-stained nuclei in the polymorphic layer (PO) (H & E, Mag. X100). 
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PLATE 3: Photomicrograph of a section of hippocampus from group C (PTZ + DZP). Pyramidal cells (P) appear fully intact, with no visible degeneration. There is absence of vacuolization. Reactive gliosis is significantly reduced (G). Blood vessels are fully intact with no congestion (V). There is completely intact polymorphic layer (PO) H & E, Mag. X100. 
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PLATE 4: Photomicrograph of a section of hippocampus from group D (PTZ + Psidium guajava [LD]) The pyramidal cells (P) appear more intact and well-organized, with less shrinkage and pyknosis compared to the previous sections (P). Neuronal layers seem more structured. There is fewer vacuolated spaces in the neuropil. Compared to the other plate, there appears to be less reactive gliosis (G) with a decrease in dark-stained glial cells. The blood vessels appear less congested or damaged, indicating improved circulatory function (V). The polymorphic layer looks less disrupted (PO). H & E, Mag. X100. 
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PLATE 5: Photomicrograph of a section of hippocampus from group D (PTZ + Psidium guajava [HD]). Pyramidal cells (P) appear fully intact, with no visible degeneration. There is absence of vacuolization. Reactive gliosis is significantly reduced (G). Blood vessels are fully intact with no congestion (V). There is completely intact polymorphic layer (PO) H & E, Mag. X100. 








4. DISCUSSION
The findings of this study provide significant insights into the anticonvulsant and neuroprotective properties of guava leaf extract in a rat model of seizures induced by pentylenetetrazol (PTZ). The results underscore the potential therapeutic implications of guava leaf extract in the management of epilepsy and its associated cognitive impairments.
The administration of PTZ reliably induced seizures, evidenced by the increased frequency and duration of seizure jerks, as well as prolonged tonic-clonic seizures. This aligns with established literature indicating that PTZ is a potent proconvulsant agent that can exacerbate seizure activity through the modulation of GABAergic and glutamatergic neurotransmission pathways (Ruszczak et al., 2024). . Importantly, the observed impairments in habituation further highlight the cognitive deficits associated with seizure activity. The decrease in habituation indices for both short-term and long-term memory suggests that repeated seizure episodes can adversely affect cognitive processes, possibly through mechanisms involving stress-induced neurotoxicity and dysregulation of synaptic plasticity in the hippocampus, a brain region critical for memory formation and retention.
The administration of guava leaf extract, particularly at both the low and high doses, conferred significant neuroprotective effects, as indicated by the reduction in seizure frequency and duration, as well as improvements in cognitive function. The observed decrease in neuronal degeneration, reduced vacuolation, lower levels of gliosis, and enhanced vascular integrity in histological evaluations of the hippocampus further corroborate the extract's neuroprotective properties. These findings may be attributed to the antioxidant and anti-inflammatory components present in guava leaf extract, such as flavonoids and polyphenols, which have been shown to mitigate neuroinflammation and oxidative stress (Irondi et al., 2016)—key contributors to excitotoxicity and neuronal injury in seizure-induced models (Ambrogini et al., 2019). 
The higher dose of guava leaf extract yielded more pronounced benefits, reinforcing the hypothesis that a dose-dependent response exists for its protective effects (Tsatsakis et al., 2018). The near-normal neuronal architecture alongside minimal gliosis and vacuolation observed in the high-dose group contrasts starkly with the significant hippocampal damage seen in PTZ-treated animals, suggesting that guava leaf extract not only protects but may also contribute to neuronal repair mechanisms.
The diazepam treatment group displayed a complete absence of seizure activity, aligning with the known efficacy of benzodiazepines in controlling seizure episodes (Kienitz et al., 2022). However, the observed cognitive implications, as evidenced by decreased habituation indices, signal a potential drawback of diazepam, which may impair cognitive function despite its anticonvulsant efficacy. The results indicate a critical differentiation between the neuroprotective properties of guava leaf extract and the side effects associated with conventional antiepileptic drugs such as diazepam. While diazepam can effectively manage seizure episodes, it may not address the underlying cognitive deficits associated with epilepsy, emphasizing the need for adjunct therapies like guava leaf extract to enhance overall treatment outcomes.
The positive outcomes observed in this study warrant further exploration into the mechanisms of action of guava leaf extract, particularly its active constituents and their specific neuroprotective effects. Future studies should also aim to elucidate the long-term implications of guava leaf extract treatment on cognitive functions and neuronal health in chronic seizure models. Further investigation into the clinical applicability of guava leaf extract as a complementary or adjunct therapy in human subjects may offer new avenues for effective epilepsy management, minimizing side effects, and enhancing quality of life for individuals suffering from seizures.
CONCLUSION 
In conclusion, the results of this study present compelling evidence supporting the anticonvulsant and neuroprotective properties of guava leaf extract, highlighting its potential role as a beneficial adjunct therapy in the treatment of seizure disorders and related cognitive impairments.
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Key Terms and Definitions
1. Epilepsy: A chronic neurological disorder characterized by recurrent seizures, which are sudden bursts of electrical activity in the brain that can affect behavior, consciousness, and motor control.
2. Seizure: A sudden and uncontrolled electrical disturbance in the brain that can lead to changes in behavior, movements, feelings, and consciousness. Seizures can vary significantly in type, duration, and severity.
3. Anticonvulsant: A class of medication used to prevent or control seizures. Anticonvulsants can vary in their mechanism of action and efficacy against different types of seizures.
4. Pentylenetetrazol (PTZ): A chemical compound used in research to induce seizures in animal models. PTZ acts as a central nervous system stimulant and inhibits the action of the neurotransmitter gamma-aminobutyric acid (GABA).
5. Neuroprotection: Strategies or interventions that help to protect neuronal structure and function from injury or degeneration. Neuroprotective agents may reduce inflammation, oxidative stress, or other damaging processes involved in neurological diseases.
6. Cognitive Impairment: A reduction in cognitive function or ability, affecting processes such as memory, attention, and problem-solving skills. Cognitive impairment can be a consequence of various factors, including neurological disorders, brain injury, and age-related decline.
7. Flavonoids: A diverse group of plant metabolites known for their antioxidant properties. Flavonoids are thought to provide health benefits, including anti-inflammatory effects and neuroprotection.
8. Polyphenols: A group of naturally occurring compounds in plants, characterized by the presence of multiple phenolic units. Like flavonoids, polyphenols exhibit antioxidant and anti-inflammatory properties and are believed to have therapeutic potential.
9. Diazepam: A widely used benzodiazepine medication that acts as an anticonvulsant, anxiolytic, and muscle relaxant. It is often prescribed for the management of anxiety, muscle spasms, and seizures.
10. Cognitive Function Assessment: The evaluation of mental processes, including attention, memory, problem-solving, and decision-making, typically through various tested tasks or measures.
11. Habituation: A decrease in response to a stimulus after repeated exposures, often measured in behavioral experiments assessing memory and learning capacities.
12. Histological Analysis: A laboratory method used to study the microscopic structure of tissues. Histological techniques involve preparing tissue samples for examination under a microscope after being subjected to specific staining methods.
13. GABAergic Pathway: Refers to the neural pathways that utilize gamma-aminobutyric acid (GABA) as their neurotransmitter. These pathways are crucial for inhibitory signaling in the brain and play a key role in regulating neuronal excitability.
14. Glutamatergic Pathway: Refers to the neural pathways that utilize glutamate as their neurotransmitter. These pathways are associated with excitatory signaling in the brain and are involved in processes such as synaptic plasticity and learning.
15. Neuroinflammation: The inflammatory response within the central nervous system (CNS), which can be triggered by injury, infection, or disease and lead to neuronal damage.
16. Neurodegeneration: The progressive loss of structure or function of neurons, which can lead to various neurological disorders, including Alzheimer's disease, Parkinson's disease, and epilepsy.
17. Tonic-Clonic Seizures: A type of generalized seizure characterized by intense muscle contractions (tonic phase) followed by rhythmic jerking (clonic phase). These seizures typically involve a loss of consciousness.
18. Wistar rat: A commonly used laboratory rat strain, known for its docility and adaptability, often employed in biomedical research, particularly in studies related to pharmacology and toxicology.












FIG. 4 Habituation index for short term memory during the novel object recognition task in different experimental groups.
Control	1.7680791837471499	HI-ST	10.532	Epileptic	HI-ST	0	EPI + DIAZ	1.5762023981710001	HI-ST	2.0579999999999998	EPI + Extract (LD)	0.74935305430751398	HI-ST	2.21	EPI + Extract (HD)	4.9244335714882004	HI-ST	12.236000000000001	Variable
Habituation index



FIG. 5: Habituation index for long term memory during the novel object recognition task in different experimental groups.
Control	3.4430785643083999	HI-LT	6.97	Epileptic	3.3047066435615702	HI-LT	-25.853999999999999	EPI + DIAZ	2.57721555171468	HI-LT	-4.1500000000000004	EPI + Extract (LD)	2.6670440566289901	HI-LT	7.1379999999999999	EPI + Extract (HD)	1.4293690915925099	HI-LT	5.1760000000000002	Variable
Habituation index



FIG. 1 Frequency of jerk in the different experimental groups. 

Values are expressed as mean +SEM, n = 5.
* = significantly difference from epileptic at p<0.05
a = significantly difference from EPI + DIAZ at p<0.05
Epileptic	4.8104053883222697	58.8	EPI + DIAZ	0	0	EPI + Extract (LD)	4.2825226210727703	29.8	EPI + Extract (HD)	3.2465366161495801	19.8	Experimental group
Frequency (/5min)



FIG. 2: Duration of seizure in the different experimental groups. 

Epileptic	75.902620771617606	1535.99	EPI + DIAZ	0	0	EPI + Extract (LD)	118.40710126508399	1082.3699999999999	EPI + Extract (HD)	35.816403699980903	543.428	Experimental group
Duration (sec)



FIG. 3: Duration of tonic cyclonic in the different experimental groups. 

Values are expressed as mean +SEM, n = 5.
* = significantly different from epileptic at p<0.05.
a = significantly difference from EPI + Diaz. at p<0.05
Epileptic	45.371304918417302	500.23	EPI + DIAZ	0	0	EPI + Extract (LD)	36.5709052390011	190.44	EPI + Extract (HD)	13.9008145085099	112.598	Experimental group
Duration (sec)
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