




Neuroprotective and Cognitive-Enhancing Effects of a Phytoestrogen Rich Fraction from Ochna schweinfurthiana Bark in a Rat Model of Menopause and Cholinergic Dysfunction


Abstract
In postmenopausal women, a substantial decrease in circulating estrogen levels has been strongly associated with an increased risk of cognitive dysfunction. Both clinical and preclinical studies have demonstrated that estrogen positively affects synaptic plasticity, hippocampal neurogenesis, and cholinergic transmission, which are crucial processes in learning and memory. The present study investigated the neuroprotective and memory-enhancing effects of a phytoestrogen-rich fraction (PERF) of Ochna schweinfurthiana bark in a combined model of menopause and cholinergic deficits. Ovariectomized rats were treated with PERF (264 and 528 mg/kg) or estradiol valerate for 12 weeks, followed by scopolamine administration to induce memory impairments. Cognitive performance was assessed using the Morris water maze test, and biochemical parameters, including serum estradiol levels, brain acetylcholinesterase (AChE) activity, and oxidative stress markers, were evaluated. PERF treatment significantly increased serum estradiol levels, reduced escape latency, and increased the time spent in the target quadrant during the probe trial, indicating improved spatial memory. PERF also inhibits AChE activity and attenuates oxidative stress by increasing antioxidant enzyme levels (catalase and superoxide dismutase) and reducing lipid peroxidation (malondialdehyde) in the brain. The neuroprotective effects of PERF were comparable to those of estradiol valerate. These findings suggest that PERF of O. schweinfurthiana ameliorates the cognitive deficits associated with menopause and cholinergic dysfunction, potentially through estrogenic, cholinergic, and antioxidant mechanisms. Further studies are warranted to elucidate the molecular pathways involved and to assess the long-term efficacy and safety of this phytoestrogen-rich fraction in clinical populations.
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Introduction
Cognitive decline and memory impairment are significant public health issues linked to ageing and neurodegenerative disorders such as Alzheimer’s disease (AD) (Sochocka et al., 2023). In postmenopausal women, a substantial decrease in circulating estrogen levels has been strongly associated with an increased risk of cognitive dysfunction (Wood Alexander et al., 2025). Both clinical and preclinical studies have demonstrated that estrogen positively affects synaptic plasticity, hippocampal neurogenesis, and cholinergic transmission, which are crucial processes in learning and memory (Kraemer & Kraemer, 2023). After menopause, many women experience heightened forgetfulness, attention deficits, and reduced verbal fluency (Korkmaz et al., 2024). “Many studies demonstrate that estrogens modulate neurogenesis and synaptic plasticity, interact with neurotransmitter systems and maintain cognitive function and brain health. Menopausal women have decrements in verbal memory, working memory and executive function compared to perimenopausal and premenopausal women, as well as declines in frontal cortical volumes that may be ameliorated with estradiol therapy” (Reuben et al., 2021). Animal models of menopause, such as ovariectomized rodents, show impairments in spatial learning and memory tasks, including the Morris Water Maze test. These cognitive deficits have been linked to increased oxidative stress, decreased acetylcholine levels, and impaired mitochondrial function in brain regions like the hippocampus and prefrontal cortex (Dhaliwal et al., 2024). The ovariectomized (OVX) rat model is widely used to replicate the estrogen-deficient state of menopause. When combined with scopolamine, a muscarinic acetylcholine receptor antagonist known to induce temporary memory loss, it serves as a robust preclinical model for studying cognitive decline resulting from both hormonal imbalance and cholinergic disruption (Zhao et al., 2022). Hormone replacement therapy (HRT) has shown potential benefits in mitigating these effects, but its long-term use remains controversial owing to associated risks (Chavda et al., 2024). Consequently, there is a growing interest in alternative strategies, such as phytoestrogens and other natural compounds, to alleviate cognitive decline associated with postmenopausal estrogen deficiency (Ismail et al., 2025). “Owing to the structural similarity, phytoestrogens can bind to the estrogen receptors (ERs) and exert anti-estrogenic or pro-estrogenic effects. Phytoestrogens are distinguished by their pro-health effects, including the reduction of the intensity of some symptoms of menopause, such as hot flushes, and the risk of osteoporosis, cardiovascular disease, obesity, metabolic syndrome, and type 2 diabetes, as well as of breast, prostate, and intestinal cancer. Most phytoestrogens are antioxidants, and their antioxidant properties may contribute to their pro-health effects; however, the main mechanism of their action is due to ER binding” (Gorzkiewicz et al., 2021; Mitra et al., 2023). Similarly, while currently approved cholinesterase inhibitors such as donepezil and rivastigmine provide symptomatic relief in AD, they are associated with limited efficacy and notable adverse effects (Saeedi & Mehranfar, 2022). This has also spurred interest in natural alternatives, particularly phytoestrogens, which are plant-derived compounds structurally similar to 17β-estradiol that bind estrogen receptors and modulate neuronal signalling (Gulati et al., 2025). 
Ochna schweinfurthiana (Ochnaceae) is a medicinal plant found in tropical Africa that is traditionally used to treat various ailments, including fever, inflammation, infections, and neurological complaints (Chavda et al., 2024; Gulati et al., 2025). Phytochemical studies of O. schweinfurthiana bark have identified flavonoids, tannins, xanthones, and other polyphenolic constituents, many of which are known to possess estrogenic activities (Batiha et al., 2023). Some of these compounds have shown antioxidant, anti-inflammatory, and cytoprotective effects in other medicinal plant models, which could underlie their potential neuroprotective actions (Gulati et al., 2025). The osteoprotective effect of the phytoestrogen-rich fraction of O. schweinfurthiana has been reported in both ovariectomy and retinoic acid-induced osteoporosis animal models (Orji et al., 2025; Tavan et al., 2023). The combination of phenolic and phytoestrogen phytocompounds from the same plant has also been reported to improve glucose tolerance impaired by ovariectomy (Ajaghaku et al., 2025a; El Rayess et al., 2024). However, studies specifically focusing on their neuropharmacological applications are still emerging (Ibrahim et al., 2024). Given this background, the present study aimed to evaluate the neuroprotective and memory-enhancing effects of a phytoestrogen-rich fraction of Ochna schweinfurthiana using a combined ovariectomy and scopolamine-induced cognitive impairment rat model.
Materials and methods
Plant Materials
The bark of Ochna schweinfurthiana was collected from Agulu in Anambra State, Nigeria and authenticated by Mr. Felix Nwafor, a trained taxonomist from the Department of Pharmacognosy and Environmental Medicine at the University of Nigeria, Nsukka, Enugu State, Nigeria. A voucher specimen (no. PCG 521/A/043) was deposited in the herbarium of the Department of Pharmacognosy and Traditional Medicine, Nnamdi Azikiwe University, Agulu, for future reference. The plant materials were air-dried at room temperature and pulverised using a mechanical grinding machine (GX160 Delmar 5.5HP).
Animal Source
Swiss female albino mice and rats were used in this study. All animals were procured from the Animal House of the Department of Pharmacology at Enugu State University of Science and Technology. They were maintained under standard laboratory conditions, including a 12-hour light cycle, room temperature, and 40-60% relative humidity, and were provided with rodent feed (Guinea Feeds Nigeria Ltd.). Animals had unrestricted access to food and water. The maintenance and care of the animals adhered to EU Directive 2010/63/EU for animal experiments, as well as the Guide for the Care and Use of Laboratory Animals, DHHS Publ. # (NIH 86-123). 
Extraction and Fractionation
O. schweinfurthiana bark powder of Ochna schweinfurthiana was macerated in methanol for 72 h with periodic agitation. The resultant solution was filtered using Whatman filter paper, and the filtrate was concentrated under reduced pressure using a rotary evaporator (RE300 Model, United Kingdom) at a temperature of 40°C. Subsequently, two-thirds of the extract underwent successive liquid-liquid partitioning with n-hexane, ethyl acetate, and butanol, employing a 1 L separating funnel. The fractions were concentrated under reduced pressure using a rotary evaporator at 40°C to yield the n-hexane soluble fraction, ethyl acetate soluble fraction, butanol soluble fraction, and water-soluble fractions. The extracts and all fractions were stored in a refrigerator at temperatures between 0-4°C for subsequent use.
Quantification of phytoestrogen content using genistein as a standard
Phytoestrogen content in the fractions was quantified using the methodology outlined by Cesar et al. (2008). Each extract and fraction (100 µg/ml) was combined with 1 ml of 2% AlCl3 (dissolved in methanol) in duplicate. The absorbance was measured at 382 nm for ten minutes following the addition of AlCl3. Blank solutions of the standard and samples without the addition of AlCl3 (methanol only) were also prepared. The phytoestrogen content was estimated using the genistein calibration curve, as described below, and expressed as milligrams of genistein equivalent (GE) per gram of the extract/fractions. Various concentrations (2.5, 1.25, 0.625, 0.3125, 0.15625, 0.078125, 0.0391, 0.0195, 0.0098 mg/ml) of genistein were prepared in duplicate, and the aforementioned procedure was followed. Absorbance was plotted against concentration to generate a genistein calibration curve.
Induction of menopause 
“Vaginal cytology was conducted on all animals to confirm the presence of regular oestrous cycles” (Ajaghaku et al. 2025b; Roeder & Leira, 2021). “Vaginal smears were examined microscopically each morning between 8 am and 10 am to observe at least two consecutive 4-day oestrous cycles” (Reho et al., 2024). “The animals underwent ovariectomy (OVX) to induce menopause and to investigate reproductive changes following supplementation with phenol/phytoestrogen-rich extract. Post-ovariectomy and vaginal smears were examined to ensure complete removal of the ovaries, as indicated by the absence of epithelial cell cornification (Diestrus phase)” (Li et al., 2023). All groups of animals, except those that served as sham-operated controls, underwent OVX. In the sham-operated controls (without OVX), the ovaries were exposed and gently manipulated but not excised. The remaining animals underwent bilateral OVX via a dorsolateral approach, involving a small lateral vertical skin incision with a surgical blade, followed by ligation and excision of the ovaries along the upper horn under general anaesthesia with ketamine and xylazine (80 and 10 mg/kg body weight, respectively, intramuscularly). The incisions were closed using suture materials (chromic catgut and silk), followed by the application of an oxytet spray to facilitate rapid wound healing. Precautions were taken to prevent infection throughout the OVX procedure. The animals were allowed a 3-week healing period before dosing. During this period, the animals were monitored for abnormal behaviour or side effects. Vaginal cytology tests were performed to assess the success of ovariectomy.

Animal Grouping and Treatment
The animals were allocated to six experimental groups, each comprising six rats. Group 1 served as the naïve control group, while Groups 2 and 3 functioned as the sham-operated and ovariectomized control groups, respectively. Groups 4 and 5 were designated as the phytoestrogen-rich treatment groups, and group 6 was identified as the positive control group. The control group received oral administration of 10 ml/kg of 5% Tween 80 as a vehicle. The phytoestrogen-rich fraction of O. Schweinfurthiana dissolved in the vehicle was administered to ovariectomized female rats at doses of 264 and 528 mg/kg via gavage. Estradiol valerate was administered orally as a positive control. All test agents were administered once daily for 12 weeks prior to the commencement of the behavioural assessments. Memory impairment was induced in all groups, except the naïve control group, through the administration of 1 mg/kg scopolamine (i.p.) (Sigma Aldrich Inc., St. Louis, MO, USA) 30 min after treatment with the test agents.
Morris Water-Maze Test
Apparatus, setup and dimension
The water maze consisted of a circular pool with a diameter of 120 cm and a height of 50 cm, featuring an escape platform with a diameter of 8 cm and a height of 29 cm, positioned at the centre of one of the four quadrants. The pool was segmented into four quadrants (north, south, east, and west), each distinguished by a unique visual cue (black, red, blue, and purple stars, respectively) affixed to the surrounding wall of the maze. The water was filled to a depth of 30 cm, maintained at a room temperature of 25 ± 2 °C, and rendered opaque using a non-toxic white paint. The hidden platform was submerged 1 cm below the surface for the purpose of training.
Acclimatisation and training
“Two days prior to the commencement of the training, all animals were allowed to swim in the pool without a platform for 60 s each day to evaluate their locomotor activity and acclimatise them to the environment” (Charlot et al., 2017). The training sessions comprised three trials per day, with a 5-minute interval between each trial, over a period of five consecutive days. Different quadrants were used for each trial. Mice were randomly released into one quadrant of the pool without the platform, and escape latency, defined as the time taken by the mouse to reach the hidden platform, was recorded. The mice were allowed to explore the platform for 60 s. If a mouse failed to locate the platform independently, it was gently guided to it and allowed to remain there for 20 seconds.
Probe test
“Following the final day of training, a probe test was administered to the pool, and the platform was absent. The animals were permitted to swim for 60 s in the quadrant opposite the previous location of the platform. During this period, the time spent in the target quadrant was recorded” (Gheidi et al., 2023).
Tissue Preparation 
Following completion of the behavioural assessment, the rats were euthanised. Subsequently, their brains were promptly extracted and immersed in ice-cold phosphate-buffered saline (PBS) for 10 min to eliminate excess blood. Brain tissue was weighed and transferred to a pre-chilled glass-Teflon homogeniser. Homogenization was performed in ice-cold PBS (pH 7.4) at a ratio of 1:10 (w/v). The resulting homogenate was subjected to centrifugation at 5000 rpm for 10 min at 4°C, and the supernatant was collected for subsequent biochemical analysis.
Biochemical Analysis 
Determination of Serum Estrogen Concentration
“Serum estradiol concentration was quantified using an estradiol ELISA kit (Calbiotech) in accordance with the manufacturer's instructions” (Gupta et al., 2025). Twenty-five microliters of the samples, standards (0-6), and controls were dispensed into the appropriate wells in duplicate. Subsequently, 100 µL of estradiol enzyme conjugate working solution was added to each well and thoroughly mixed by placing it on a shaker for 10–20 s (Singampalli et al., 2022). The mixture was then incubated at room temperature (20-25℃) for 60 min. Following incubation, the liquid was removed from all wells, which were then washed three times with 300 µL wash buffer and blotted with a paper towel. Thereafter, 100 µL of TMB reagent was dispensed into each well, gently mixed for 10 s, and incubated at room temperature (20-25℃) for 30 min. The reaction was terminated by adding 50 µL of stop solution to each well, followed by gentle mixing for 30 s to ensure a complete colour change from blue to yellow. The absorbance was measured within 15 min at 450 nm using a microplate reader (Wuxi Hiwell Diatek Instruments Co., Ltd., Wuxi, China).
Estimation of Acetylcholinesterase Activity 
The activity of AChE was assessed by incorporating 2.6 ml of 0.1 M phosphate buffer (pH 7.2) and 100 µL of Ellman's reagent (DTNB, 0.01 M) into 100 μL of brain homogenate. The reaction was initiated by adding 20 µL acetylthiocholine iodide (0.075 M). Absorbance changes were recorded at 412 nm at one-minute intervals. The rate of absorbance increase per minute was employed to calculate AChE activity, utilising a molar extinction coefficient of 13,600 M-1 cm-1 for the yellow chromophore produced (Y. Wang et al., 2022).
Estimation of Malondialdehyde (MDA)
The procedure involved combining 1 mL of brain homogenate with 2 mL of 0.67% thiobarbituric acid (TBA) and 2 mL of 20% trichloroacetic acid (TCA). In the control sample, 1 mL of 0.1 M phosphate buffer (pH 7.2) was used instead of the homogenate. The mixture was subsequently heated at 100°C for 15 min and then cooled under running tap water. Centrifugation was performed at 3000 rpm for 10 min and the absorbance of the supernatant was measured at 532 nm. The concentration of MDA was expressed as nmol/mg protein, calculated using the Beer-Lambert law with a molar extinction coefficient of 1.56 × 105 M-1 cm-1 (W. Wang et al., 2022).
Estimation of Catalase (CAT) Activity 
The reaction mixture comprised 2.9 mL of 50 mM phosphate buffer (pH 7.0) and 0.1 mL of the tissue homogenate supernatant. The reaction was initiated by the addition of 2.0 mL of 30 mM H2O2. Catalase activity was quantified by monitoring the reduction in absorbance at 240 nm at 15-second intervals over a duration of 1 min using spectrophotometry. The results are expressed as units per milligram of protein, employing a molar extinction coefficient of 43.6 M-1 cm-1 (Hadwan, 2018).
Estimation of Superoxide Dismutase (SOD) Activity 
The reaction mixture comprised 1.2 mL of sodium pyrophosphate buffer (0.052 M, pH 8.3), 0.1 mL of tissue homogenate (supernatant), 0.1 mL of phenazine methosulfate (186 µM), and 0.3 mL of nitroblue tetrazolium (300 µM). The enzymatic reaction was initiated by the addition of 0.2 mL of 780 μM NADH and terminated after one minute with 1 mL of glacial acetic acid. Subsequently, 4 mL of n-butanol was added to the mixture, which was then vigorously shaken, centrifuged, and allowed to stand for phase separation. The absorbance of the butanol layer was measured at 560 nm against a blank using a spectrophotometer, and enzyme activity was expressed as units per milligram of protein (U/mg protein).
Statistical analysis
The results are expressed as mean ± SEM and subjected to one-way analysis of variance (ANOVA), followed by a post-hoc Dunnett's test (SPSS). A p-value of less than 0.05 was considered statistically significant when (P < 0.05).
Results
Phytoestrogen content
The total phytoestrogen content of O. schweinfurthiana extract was 1680 mg Genestein Eq/g. These findings indicate that the polarity of the solvent influences the distribution of phytoestrogens (Fig. 1) within the fractions. An increase in solvent polarity resulted in greater phytoestrogen accumulation in the fractions, culminating in the highest concentration in the water fraction.
Effect of phytoestrogen-rich fraction on serum estradiol concentration
Scopolamine administration did not significantly (P>0.05) alter the serum estradiol concentration, which was not significantly (P<0.05) reduced in the ovariectomized control group (Figure 2). A gradual increase in serum estradiol levels was observed after PERF treatment. These increases were significant (P<0.05) compared to the ovariectomized control. The increase in serum estradiol concentration was significantly (P<0.05) higher in the estradiol group (estradiol) than in the PERF treatment group. 
Effect of phytoestrogen-rich fraction on brain acetylcholinesterase activity
Compared to the naïve control group, the administration of ovariectomy and scopolamine resulted in a significant increase (P<0.05) in (ACHE) activity within the brain (Figure 3). Treatment with PERF at both doses significantly inhibited ACHE activity (P<0.05) compared to that in the ovariectomized control group. When comparing the PERF and estradiol treatment groups, similar non-significant effects (P>0.05) were observed. Notably, PERF at a dose of 528 mg/kg, akin to the estradiol-treated group, was effective in reducing ACHE activity to levels comparable to those recorded in the naïve control group.


Figure 1: Total phytoestrogen content of the extract and fractions of O. schweinfurthiana

 

Figure 2: Effect of Phytoestrogen-rich fraction on serum estradiol concentration
Where PERF = phytoestrogen rich fraction; a = P<0.05 compared to estradiol; b = P<0.05 compared to ovariectomized control; * = P<0.05 compared to Naïve control; ♯ = P<0.05 compared to sham operated control




Figure 3: Effect of Phytoestrogen-rich fraction on brain tissue acetyl cholinesterase activity
Where PERF = phytoestrogen rich fraction; ACHE = acetylcholinestrase; a = P<0.05 compared to estradiol; b = P<0.05 compared to ovariectomized control; * = P<0.05 compared to Naïve control; ♯ = P<0.05 compared to sham operated control

Effect of PERF on Scopolamine and Ovariectomy induced memory impairment in the morris water-maze task
During the five-day training period, the negative control group, consisting of ovariectomized animals administered scopolamine, exhibited a significantly prolonged escape latency (P<0.05) from day 2 to day 5 when compared to the naïve group, which neither received scopolamine nor underwent ovariectomy (Figure 4). Similarly, the ovariectomized control group that received scopolamine demonstrated a significantly prolonged escape latency (P<0.05) compared to the sham-operated control group administered scopolamine from days 3 to 5. Treatment of ovariectomized animals administered scopolamine with PERF resulted in a shortened escape latency at both tested doses from day 3 to day 5 relative to the ovariectomized control group. Compared to the reference drug, estradiol treatment with 528 mg/kg of PERF significantly shortened escape latency (P<0.05) from day 3 to day 5, while the 264 mg/kg dose produced similar effects that were not significantly different. In the probe test, the ovariectomized scopolamine-administered control group spent significantly less time (P<0.05) in the platform quadrant than did the naïve control group. Consistent with the training experiment, significant memory impairment (P<0.05) was observed in the ovariectomized control group compared to the sham-operated control group, as indicated by the significantly less time spent in the platform quadrant (P < 0.05). The phytoestrogen-rich fraction of O. Schweinfurthina significantly increased swimming time in the platform quadrant compared to the ovariectomized control. A higher significant effect was also observed with 528 mg/kg PERF than with estradiol. The improvement recorded with 528 mg/kg PERF was comparable to that of the naïve control, with no significant differences observed between these groups.


   

Figure 4: Effect of phytoestrogen-rich fraction on memory impairment
Where PERF = phytoestrogen rich fraction; a = P<0.05 compared to estradiol; b = P<0.05 compared to ovariectomized control; * = P<0.05 compared to Naïve control; ♯ = P<0.05 compared to sham operated control


Effect of phytoestrogen-rich fraction on brain tissue oxidative stress
Oxidative stress in brain tissue following ovariectomy and scopolamine administration was demonstrated by a decrease in tissue antioxidant enzyme concentrations, accompanied by an increase in lipid peroxidation (Figure 5). Ovariectomy alone resulted in a significant (P<0.05) reduction in tissue catalase and superoxide dismutase (SOD) concentrations compared with the sham-operated control group. A further decrease was observed in ovariectomized animals administered scopolamine. Treatment with PERF at doses of 264 and 528 mg/kg significantly (P<0.05) improved the concentrations of these enzymes compared with the ovariectomized-scopolamine control group. Notably, 528 mg/kg PERF exhibited a significantly (P<0.05) greater effect on catalase concentration than estradiol at a dose of 1 mg/kg. Both doses of PERF had a similar effect on SOD enzyme concentration as estradiol did. PERF at a dose of 528 mg/kg restored catalase and SOD enzyme concentrations to levels comparable to those recorded in the naïve control group. Statistical analysis of the effects of treatment on lipid peroxidation indicated that both doses of PERF, similar to the reference standard, significantly (P<0.05) reduced lipid peroxidation induced by ovariectomy and scopolamine, as evidenced by a significant (P<0.05) reduction in tissue malondialdehyde (MDA) concentration, a product of lipid peroxidation (Figure 6). Although lower MDA concentrations were recorded in the PERF-treated groups than in the estradiol group, these differences were not statistically significant.






Figure 5: Effect of phytoestrogen-rich fraction on brain tissue antioxidant concentration
Where PERF = phytoestrogen rich fraction; SOD = superoxide dismutase; a = P<0.05 compared to estradiol; b = P<0.05 compared to ovariectomized control; * = P<0.05 compared to Naïve control; ♯ = P<0.05 compared to sham operated control




Figure 6: Effect of Phytoestrogen-rich fraction on brain tissue lipid peroxidation
Where PERF = phytoestrogen rich fraction; MDA = malondialdehyde; a = P<0.05 compared to estradiol; b = P<0.05 compared to ovariectomized control; * = P<0.05 compared to Naïve control; ♯ = P<0.05 compared to sham operated control










Discussion
This study investigated the ameliorative effects of the phytoestrogen-rich fraction (PERF) of Ochna schweinfurthiana on memory impairment induced by ovariectomy and scopolamine administration in an animal model. Both ovariectomy and scopolamine are established experimental methods for modelling cognitive deficits associated with menopause and cholinergic dysfunction (Bouabdallah et al., 2024). The combined models simulated postmenopausal Alzheimer-like pathology, rendering it clinically relevant for understanding the effects of PERF of O. schweinfurthiana in neurodegenerative conditions associated with menopause. Ovariectomy results in a decline in estrogen levels, leading to structural and functional changes in the brain, particularly in the hippocampus, which is involved in learning and memory (Stepanichev et al., 2024). Estrogen deficiency decreases synaptic plasticity, impairs cholinergic signalling, and promotes oxidative stress and neuroinflammation (Kolić & Kovarik, 2024). PERF may counteract these changes by binding to the estrogen receptor β expressed in the hippocampus and cerebral cortex. Through this interaction, phytoestrogens can upregulate neurotrophic factors, enhance neuronal survival, and restore synaptic connectivity. Scopolamine, a muscarinic acetylcholine receptor antagonist, disrupts cholinergic neurotransmission and impairs learning by reducing acetylcholine availability in the hippocampus and prefrontal cortex (Belardo et al., 2023). Cholinergic deficits are associated with oxidative stress, neuroinflammation, and reduced synaptic plasticity, which contribute to memory loss (Lazarova et al., 2024). The PERF of Ochna schweinfurthiana may counteract scopolamine-induced amnesia through competitive antagonism. Inhibition of acetylcholinesterase (ACHE) concentration and activity prevents acetylcholine breakdown at synaptic junctions, enhancing cholinergic neurotransmission. Agents such as donepezil, rivastigmine, galantamine, and huperzine A ameliorate scopolamine-induced amnesia in preclinical models, supporting the use of ACHE inhibition in evaluating interventions for memory disorders (Thongrong et al., 2024). Oxidative stress is critical for memory impairment resulting from scopolamine administration and ovariectomy. Scopolamine increases lipid peroxidation and decreases antioxidant enzyme activity, thereby causing neuronal damage (Vinjavarapu et al., 2025). Estrogen deficiency also weakens the antioxidant defences and increases neuronal vulnerability. Combined scopolamine and estrogen deficiency may synergistically exacerbate oxidative damage and impair synaptic plasticity and cognitive function (Balakrishnan et al., 2023). Studies have indicated that phytoestrogens have antioxidative and neuroprotective effects in models of cognitive impairment. Genistein, an isoflavone, enhances antioxidant enzyme activities, such as SOD and CAT, reduces malondialdehyde (MDA) levels in ovariectomized rats, reduces hippocampal oxidative damage, and improves spatial memory (Wójciak et al., 2024). Daidzein protects against scopolamine-induced oxidative stress by upregulating antioxidant defences and preserving mitochondrial function in the brain. Resveratrol, a polyphenol, inhibits lipid peroxidation and ROS generation, thereby enhancing memory in ovariectomized and scopolamine-treated rodents (Ji et al., 2021). These findings suggest that phytoestrogens mitigate cognitive decline through free radical scavenging and modulation of antioxidant enzyme systems. Phytoestrogens, such as puerarin and equol, demonstrate selective estrogen receptor modulation and Nrf2 pathway activation, enhancing antioxidant gene expression and reducing neuronal oxidative burden (Zhou et al., 2023). The antioxidant properties of PERF from Ochna schweinfurthiana may play a key role in its neuroprotective action. By reducing MDA levels and increasing antioxidant enzymes, PERF may protect neural tissues from oxidative injury due to scopolamine and estrogen deficiency. While the combination of ovariectomy and scopolamine produced pronounced cognitive decline, PERF treatment resulted in significant cognitive restoration, as evidenced by the reduced escape latency and increased time in the target quadrant during probe trials. This suggests that the PERF of O. schweinfurthiana can address the multifactorial nature of neurodegeneration and memory loss in postmenopausal conditions, where hormonal and neurotransmitter systems are compromised.

Conclusion
The phytoestrogen-rich fraction of O. schweinfurthana facilitates spatial memory consolidation and retrieval in an ovariectomy and scopolamine-combined model of memory impairment. The inhibition of AChE activity and oxidative damage may, at least in part, be responsible for this activity. Future studies are recommended to elucidate the molecular pathways involved and to assess the long-term efficacy and safety of this phytoestrogen in the clinical population.

Ethical approval 
Ethical approval was obtained from the Animal Ethical Committee of Enugu State University of Science and Technology (Approval number: ESUT/AEC/0169/AP204), where the animal studies were conducted.
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