


COMPARATIVE POTENTIALS OF SAPONINS, TANINS AND ALKALOIDS-RICH FRACTIONS OF BRIDELIA MICRANTHA ON THE HISTOLOGY OF THE PREFRONTAL CORTEX OF KETAMINE-INDUCED COGNITIVE DYSFUNCTION WISTAR RATS


Abstract 
Introduction: Cognitive dysfunction represents a continuum of cognitive decline with mild cognitive impairment making the intermediate stage between normal cognitive aging and dementia. Mild cognitive impairment may progress to dementia resulting in a substantial loss of cognitive abilities and the capacity for independent living; hence, individual with mild cognitive impairment are at high risk of progressing to dementia with conversion rate as high as 15%.
Aim: In this study, we investigated the effect of saponin, Tannins and alkaloids rich Bridelia micrantha on the cytoarchitecture of the prefrontal cortex of ketamine-induced cognitive Wistar rats. 
Methodology: Thirty-six adult male Wistar rats were randomly divided into six groups designated A, B, C, D, E and F each containing six rats. Group A received animal feed and water ad libitum while group B served as the positive control. Bridelia micrantha leaves were fractionated into saponin, tannins and alkaloids and were administered to Groups C, D and E respectively while group F received Diazepam for two weeks. 
Results: The results revealed hypertrophied and hypoplasic cells in groups B and C; group E revealed atrophied and hypoplasic cells while group F revealed cellular hypoplasia. Group D revealed normal cytoachitecture with cellular hyperplasia compared to the control group and the treated groups.
Conclusion: In conclusion, the tannins group D only arrested cellular alteration in the prefrontal cortex of ketamine induced-cognitive dysfunction Wistar rats caused by chronic administration of ketamine and restores cellular injury and its proliferations.  
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1. Introduction
Cognitive dysfunction is one of the leading causes of disability and dependence in older adults and is a major economic burden on the public health system. The pathological stages of cognitive impairment range from mild cognitive dysfunction to dementia (Jongsiriyanyong, 2018) and its main clinical manifestation in patients is a decline in memory function. In 2022, a study predicted that there would be 83.2 million cases of cognitive impairment among elderly individuals globally by 2030 (Nichole et al., 2022). This disease represents a continuum of cognitive decline with mild cognitive impairment making the intermediate stage between normal cognitive aging and dementia. Mild cognitive impairment may progress to dementia resulting in a substantial loss of cognitive abilities and the capacity for independent living; hence, individual with mild cognitive impairment are at high risk of progressing to dementia with conversion rate as high as 15% (Petersen, 2016).  A study conducted a systematic evaluation and meta-analysis of cognitive decline in community-dwelling older adults showed that the prevalence of cognitive decline has been increasing in recent years (Qui et al., 2022). As the global population ages, the prevalence of cognitive impairment and dementia is projected to rise sharply in the coming decades, posing enormous challenges to healthcare system, social services and economies (Song, 2010).
In 2013, prince et al predicted that by 2050, the number of people with dementia will reach 115.4 million with 71% of dementia patients living in low-or middle-income countries. Cognitive dysfunction in older adults is affected by a variety of factors such as age, social interactions, mental health, lifestyle, personality traits, indoor air pollution (Zhang et al., 2019; Jaroudi et al., 2017; Cao, 2021). Cognitive flexibility is the ability to modify established thoughts of behaviour based on feed-back from changing environment. This adaptive execution process is mediated by the prefrontal cortex (Merriam et al., 1999) and is impaired in several stress-related psychiatry disorders (Castaneda et al., 2008; Porter et al., 2015). Neurodegenerative disease caused by chemicals or drug abuse are also clear as they caused significant impairment characterized by an array of physical and behavioural symptoms that may lead to problems related to loss of control, tolerance and withdrawal syndrome (American Psychiatric Association, 2013).  Hence, ketamine is one of such drugs.
Ketamine is a medication, primarily used for starting and maintaining anaesthesia. It induces dissociative anaesthesia, a trance-like state providing pain relief, sedation and amnesia (Green et al., 2011). It is used as a recreational drug for hallucinogenic and dissociative effects (Morgan et al., 2012). Psychiatric side effects are frequent and common among regular users of high doses of ketamine (WHO, 2019).
80% of African population depend and uses some form of traditional herbal medicine as primary health care need and those products are gaining significance globally (WHO 2005; 2000). The use of medicinal herbs as an alternative to prevent neurotoxicity which could lead to
neurodegenerative disease is of great interest to many researchers. While some studies have it that some medicinal plants such as Telfairia occidentalis, Talinium triangulare, Averrhoa carambola possess neuroprotective effects on Alzheimer’s type cognitive dysfunction and Diazepam-induced neurotoxicity in Wistar rats respectively, Cytrus esculentus reversed radiation-induced damage testicles in rats (Eru et al., 2024; 2022; 2021a; 2021b; 2020a; 2020b; 2025; Udo et al., 2020; Anani et al., 2024; 2021). Bridelia micrantha is packed with antioxidants and has been proven to possess numerous health benefits including its use in the management and treatment of neurodegenerative disease (Shelembe et al., 2014). Numerous studies involving Bridelia micrantha as an antihelmetic, antibacterial, anticonvulsant and sedative, antidiabetic, antidiarrheal, anti-fungal, antinociceptive, antiplasmodial, antischistosomal, antiviral, hepatoprotective, insecticidal, B-lactamase inhibitory,  toxicity, cytotoxicity and its ability to reduce hippocampal glycogen content in Wistar rats have been studied (Eru et al., 2017) and its bioactive constituents possess ameliorative potentials on the hippocampal microstructures in ketamine-induced neurotoxic male Wistar rats (Eru et al.,2023) however, there is paucity on the effects of its active ingredients such as alkaloids, saponin and tannins on the prefrontal cortex of ketamine-induced neurotoxic cognitive dysfunction Wistar rats.
2. Methodology
2.1 Experimental protocol
Thirty-six (36) adult albino Wistar rats were used for this experiment. The rats were obtained from
the animal house of the University of Calabar, Calabar with weight ranging from 180-200g. They were housed in plastic cages, placed at room temperature with 12 hours of light and dark cycle. The rats were fed daily with top feeds broiler starter obtained from Akim market, Calabar, Cross River State. They were given with distilled water through plastic bottles, and allowed to acclimatize for a period of 2 weeks. Thereafter, the thirty-six (36) rats were aimlessly ramified into six groups designated A, B, C, D, E and F, each containing six rats.
2.2 LD50 Determination
The LD50 of the phytochemical components of Bridelia micrantha leaves extract were established using Lorke’s method 1983. The established LD50 was above 3000mg/kg
2.3 Ethical approval
This was obtained from the Faculty of Animal Research Ethics Committee (FAREC) of the Faculty of Basic Medical Sciences, University of Calabar, Calabar with the Registration Number: 106ANA1821
2.4 Extract preparation
The fresh leaves of Bridelia micrantha were obtained at Akamkpa Local Government Area of Cross River. The leaves were identified and authenticated by a Botanist and registered in Botany Department, University of Calabar with voucher number Bot/Herb/UCC/0634. The fresh leaves were washed air-dried evenly, cut into pieces and then blended using an electric blender (Sayona SB-242). The blended leaves were then filtered using a sieve to get the extract and the residue was discarded.
2.4.1 Extraction of alkaloids
500 grams of the sample was added to the mixture of ethanol-chloroform 1:3 with 2% of strong ammonia solution and refluxed for 6 hours. Extraction was done with 2N HCl and the extract was made alkaline with strong ammonia. The solution was extracted with chloroform and washed with distilled water. Chloroform was then evaporated until the solvent was removed at 40oC using a rotary evaporator (RE-52A). The alkaloids extract was stored in s refrigerator until required.
2.4.2 Extraction of tannins
500 grams of dried and powdered leaf material was defatted with petroleum ether in a mechanical 
shaker for 48 hours at room temperature. It was then extracted with aqueous acetone (70% acetone) for 60 minutes at 60°C in a water bath with constant stirring. The mixture was then filtered and centrifuged at 3000 rpm for 10 minutes. The supernatant was allowed to evaporate at room temperature. The acetone free extract was collected, weighed, stored in a sterile container and refrigerated at 4°C until required.
2.4.3 Extraction of saponins
Crude saponins (CS) from Bridelia micrantha was extracted by heating the powdered sample (500 g) for 4 hours at 55°C with 1200 ml of ethanol (20%). The extract was filtered and residue was re-extracted with 200 ml of ethanol (20%). The extract was concentrated on water bath till the volume reduced to 200 ml, which was mixed with 100 ml diethyl ether in a separating funnel. The mixture was vigorously shaken and then the separating funnel was fixed in a stand till the development of aqueous and diethyl layer. Aqueous portion was collected while the diethyl ether portion was discarded. To the aqueous layer n-butanol (80 ml) was added and properly mixed by vigorous shaking. The n-butanol extract was treated with 10 ml of 5% NaCl solution. The resultant solution was concentrated on a water bath and the crude saponin extract41
2.5 Drug acquisition
The drug ketamine and diazepam were obtained from Maxicare and Bez Pharmacy, Calabar, Cross River State, Nigeria.
2.7 Induction of neurotoxicity
Neurotoxicity was induced via intraperitoneal injection of ketamine (100mg/kg) to adult albino rats in groups B, C, D, E and F for a period of 28 days before the commencement of saponin, tannin and alkaloids rich fractions from Bridelia micrantha administration.
2.8 Saponin, Alkaloids, Tannins and Diazepam Administration
Group A were given feed and distilled water ad libitum; group B were given 100mg/kg of Ketamine only for 28 days; group C received Saponins (750mg/kg BWT) for 14 days only; group D received Tannins (750mg/kg BWT) for 14 days only; group E received Alkaloids (750mg/kg BWT) for 14 days only; group F received 1mg/kg of diazepam for 14 days only.
2.9 Tissue processing
Twenty-four hours after the last administration, the rats were sacrificed, the brain tissues were perfused, fixed in 10% buffered formalin and processed using automated tissue processing machine for microstructural staining.
2.10 Haematoxylin and Eosin Staining Process
The slides were warmed with hot plate and it was first dewaxed which was done by passing the tissue through 2 change of xylene for 5-10 minutes each to remove excess wax. The slides were then hydrated by passing them through descending grades of alcohol (100% (absolute) alcohol, 2 change, 5 minutes, 95% alcohol, 2 changes, 5 minutes,70% alcohol, 2 changes, 5 minutes). After which, the slides were washed in running tap water thoroughly. After this, initial staining was done using haematoxylin for 10-15 minutes. The slides were rinsed in running tap water. Differentiated with 1% acid alcohol and blued in running tap water for 30 minutes. The tissue sections were counter-stain using eosin for 5 minutes, dehydrated through ascending grades of alcohol (two changes of 70% alcohol for 1 minute, two changes of 95% alcohol for 1 minute and two changes of 100% for 1minute), cleared with two changes of xylene for 1 minute and mounted with cover slip using Distyrene Plasticizer and Xylene (DPX). The slides were allowed to dry before viewing under light microscope and photomicrographs were taken.
2,11 Cell Quantification
The number of cells in each slide was quantified using Image J application version … 
3. Results
3.1 Histological Results
Cytoarchitecture of the prefrontal cortex revealed hypertrophied and hypoplasic pyramidal cells, abundant neuropils and scattered neuroglial cells in group B compared to control group A (plate 2). Group C that was given saponin revealed hypertrophied and hyperplasic cells with enlarged nuclei. Some cells showed distinct nucleoli and scattered among the cells are microglial cells and sparsely populated (plate 3). Groups D that was given tannin revealed cellular hyperplasia. Group E revealed atrophied and hypoplasic pyramidal cells of various sizes and abundant neuropils (plate 4, 5) compared to control group A and positive control group B. while group F revealed hypoplasic cells compared to the negative control group.
3.2 Histomorphometric Results
Cell Count: 
A total number of 4206 cells were counted from the control group A of the prefrontal cortex. Following treatment, the total number of cells counted across the test groups were 3584, 3861, 4434, 2705, and 3313 for groups B, C, D, E, and F respectively (figure 1). However, result obtained from the prefrontal cortex showed there was a significant decrease in the number of cells (hypoplasia) in groups B, C, E, and F, with the group E (figure 1) showing the highest decrease in cell population when compared to the control group A (figure 1). On the other hand, there was a slight increase (hyperplasia) in the number of cells from group D (figure 1). Although the increase was not significant.
Average Cell Size (µm):   
The average size of cells measured in the control group A of the prefrontal cortex was 438µm. Following treatment, the average size of cells measured in groups B, C, D, E, and F were 605, 227, 287, 726, and 567µm respectively. However, result obtained indicates that while there was a significant increase (hypertrophy) in the volume of cells as seen in groups, B, E, and F respectively when compared to the control group A, there was a significant decrease in the volume of cells (hypotrophy) in group D when compared to the control group A (figure 2).
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				Plate 1: Negative control group A photomicrograph showing the normal cytoachitecture of the prefrontal cortex.
Plate 2: Positive control group B showing hyperplasic and hypertrophied cells
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					Plate 4: Tannin group D photomicrograph showing the normal and hyperplasic cells in the prefrontal cortex.


Plate 3: Saponin group C photomicrograph showing hypertrophied and hypoplasic cells in the prefrontal cortex.
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					Plate 6: Diazepam group F photomicrograph showing normal and hypoplasic cells in the prefrontal cortex.

Plate 5: Alkaloid group E photomicrograph showing atrophied and hypoplasic cells in the prefrontal cortex.


































Figure 1: showing the number of cells quantified
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Figure 2: showing the average size of the micrographs
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4.0 Discussion 
Cognitive dysfunction is one of the leading causes of disability and dependence in older adults as well as a major burden on the public health system. The pathological changes of cognitive impairment range from mild cognitive dysfunction to dementia (Jongsiriyangyong, 2018). These dysfunctions are primary characteristics of Schizophrenia that significantly impact patient functioning (Bowie et al., 2006; Green et al., 2000). It has long been postulated that the primary Cognitive alterations in Schizophrenia are due to dysfunction in the prefrontal cortex specially when there is low dopamine in the prefrontal cortex. Dopaminergic tone is very important for cognitive functioning. The catechol-o-methyltransferase enzyme is vital for the regulation of dopamine levels in the prefrontal cortex (Tunbridge et al., 2006). A functional polymorphism of catechol-o-methyltransferase gene significantly impacts the dopamine levels in the prefrontal cortex. The val allele is associated with greater enzymatic activity and with greater dopamine degradation in the synapses of the prefrontal cortex (Chen et al., 2004; Lachman et al., 1996).
In this study, rats were exposed to chronic administration of ketamine to induce cognitive dysfunction. Positive control group B that received 100mg/kg body weight of ketamine only exhibited disrupted cytoarchitecture of the prefrontal cortex of adult Wistar rats. The cells in this group were hypertrophied and hypoplasic (plate 2, figure 1 and 2). This is in line with the work of Morgan et al (2004) who reported that repeated use of ketamine produces chronic impairment to episodic memory while Liao et al (2010) concluded that chronic ketamine users reduce white matter in fronto-thalamo-temporal tracts. Also studies showed that acute ketamine administration does not significantly impair cognitive dysfunction (Howey et al., 2004; 2005; Fu et al., 2005; Daumann et al., 2008). Further studies also revealed that acute exposure of ketamine yielded inconsistent findings on resting-state functional connectivity particularly prefrontal cortex functional connectivity with subcortical brain region (Scheidegger et al., 2012; Driesen et al., 2013) and these regions play vital role in executive functions (Bonelli and Cummings, 2007).
Saponin, tannin and alkaloids were fractionated from Bridelia micrantha leaves and alongside Diazepam gotten from a pharmacy were administered to the ketamine-induced cognitive dysfunction rats for two weeks. The saponin group showed hypertrophied and hypoplasic cells of various sizes compared to the negative control groups (plate 3, figures 1 and 2). These cellular alterations may be as a result of cellular reaction from the effect of chronic ketamine exposure to the rats. Saponins are plant derived secondary metabolites and some are also found in marine animals such as sea cucumbers (Van Dyck et al., 2010) as well as starfish (Liu et al., 2008). Studies have it that, the nutrition of both humans and animals depends on saponins which is a common component of many plants and plant-based products. Many foods rich in saponin are suggested as dietary supplements for patients suffering from diabetes or other diseases such as neurodegenerative disease. However, this saponin is well known for its bioactive components which when added to food or administered to rats with degenerative disorder may enhance its nutritional and medicinal values, though in this research the in pact of saponin its ameliorative potential was not seen.
The tannin group revealed normal cytoarchitecture of the prefrontal cortex containing pyramidal cells of various sizes and neuroglial cells though cellular hyperplasia occurred in this group D (plate 4, figures 1 and 2). Tannin is a naturally occurring water soluble polyphenol compound resistant to biodegradation. It is characterized by their ability to form strong complex with different minerals and macromolecules such as proteins, cellulose, carbohydrates and others. The positive effect of tannins in the cytoarchitecture of the prefrontal cortex could be as a result of chemical characteristics and structural differences. Its antioxidant properties may reduce the neurotoxins caused by chronic exposure of ketamine in the prefrontal cortex which result to reversed cellular reaction. This result is in line with the work of Mueller-Harvey et al (2019) who reported that condensed tannins from furage legumes fed to ruminants improved growth, milk production and fertility and reduced methane emission and ammonia volatilization from the lung and urine. They further postulated that condensed tannins combat the effect of gastrointestinal parasites nematode (Mueller-Harvey et al., 2019; Hoste et al., 2012) and Eru et al (2017) demonstrated that Bridelia micrantha increase glycogen content in the hippocampus of adult Wistar rats. They further postulated that alkaloids, saponin and tannins-rich Bridelia micrantha possess ameliorative potentials in the cytoarchitecture of the hippocampus of ketamine-induced neurotoxic male Wistar rats (Eru et al., 2023).
Atrophied and hypoplasic cells were observed in the alkaloid group (plate 5, figures 1 and 2). Alkaloids are known to be chemical compounds that contain base nitrogen atoms having the ability to work as either hydrogen-acceptor or donor which is important for the interaction between targets and drugs processing alkaloid scaffolds. Alkaloids have been traditionally of great interest to humans because of their pronounced physical and medicinal properties. This plant constituent act on central nervous system in the human body and also affect DNA, RNA, membrane permeability and proteins. It exerts neuroprotective activities in numerous neurodegenerative disorder such as Alzheimer disease and many others according to Amirkia and Heinrich (2014). It attenuates the development of neurodegenerative diseases through their vast mode of action by inhibiting the activity of acetyl-cholinesterase enzymes (Abhijit Dey, 2017), increasing the level of gamma-aminobutyric acid (Cushirie et al., 2014) and acting as antagonist of NMDA (Cortes et al., 2015). In this research work, atrophied and hypoplasic cells were observed, hence affects the prefrontal cortex negatively of adult male Wistar rats.
4. Conclusion 
In conclusion, tannins-rich Bridelia micrantha showed ameliorative potentials compared to the saponin and alkaloid rich Bridelia micrantha in ketamine-induced cognitive dysfunction Wistar rats. 
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Cell count (Prefrontal cortex)

Group A	
Count	4206	Group B	
Count	3548	Group C	
Count	3861	Group D	
Count	4434	Group E	
Count	2705	Group F	
Count	3313	



Average Size

Group A	Average Size	437.86200000000002	Group B	Average Size	604.96299999999997	Group C	Average Size	226.91499999999999	Group D	Average Size	287.37	Group E	Average Size	725.82799999999997	Group F	Average Size	567.35199999999998	
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