
Neuroprotective effect of the hydro-ethanolic extract of khaya grandifoliola in a model of Alzheimer’s-like pathology induced in rats by lipopolysaccharides


Abstract:
Neuroinflammation plays a crucial role in Alzheimer's disease (AD) pathology. AD is a neurodegenerative disorder characterized by progressive memory loss, cognitive decline and loss of autonomy. Present in our living environment, lipopolysaccharides (LPS) are known as potent neurotoxins causing progressive neurodegeneration in the brain. So far, available treatments for the disease only limit its symptoms. Fortunately, Khaya grandifoliola (KG) is used in Cameroonian traditional medicine for the treatment of brain disorders. In this study, we evaluated the neuroprotective effect of KG against LPS-induced neuroinflammation in rats. LPS intoxication was assayed in 25 rats divided into 5 groups of 5 rats each for 6 days at 1 mg/kg and behavioral tests (FST and ECM) were performed on the 4th and 6th days during induction. Thereafter, the rats were treated with reference drug (Baicalin 10 mg/kg) and KG at two doses (75 mg/kg and 225 mg/kg) for 15 days. The FST and ECM tests were performed for 4 days: 3; 7; 10 and 15. On day 22, after 24 hours of fasting, the rats were sacrificed and blood was collected in order to measure ASAT, ALAT, total protein levels, creatinine, markers of oxidative stress (CAT, MDA, GSH, and NO), acetylcholinesterase and pro-inflammatory cytokines (IL1-β and TNF-α). Overall, we observed that LPS-induced anxiety and depression were improved by the administration of KG-75 and KG-225. Treatment with the plant extract led to an improvement of oxidative stress parameters including catalase, lipid peroxidation, glutathione, and nitric oxide. Moreover, acetylcholinesterase activity showed a significant increase in group II (control LPS) and a significant decrease (P<0.05) in the drug treated groups. Evaluation of inflammatory cytokines showed low levels of IL1-β and TNF-α in the groups treated with KG in comparison to the LPS-treated group. Altogether, KG-75 and KG-225 extracts effectively protected the rat’s brain from the toxic effects of LPS.
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Introduction
Neurodegenerative diseases currently affect 47 to 50 million people worldwide, including nearly 10% of people over 65 and more than 30% of people over 85 (Erkkinen et al., 2018). Epidemiological studies have indicated that the number of people suffering from Alzheimer’s disease (AD) will increase from 57.4 million to 152.8 million by 2050. The exact cause of the disease is not very well described until now, but neuroinflammation is believed to be a crucial factor for its initiation and progression.	Comment by Sathiaseelan, Roshini: Corrected grammar
Lipopolysaccharides (LPS) are found on bacteria outer membranes and are endotoxins released by bacterial lysis. Unfortunately, LPS can cross the brain barrier and initiate neuroinflammation in the brain, leading to AD (Peng et al., 2021). Several plant compounds like flavonoids have proven to be efficient in protecting the blood-brain-barrier (BBB) against the toxicity induced by LPS in rats. For instance, rutin pretreatment mitigated LPS-induced BBB disruption and inflammatory pathways in rats (Meng et al., 2025). It is well reported that AD is caused by the accumulation of amyloid-β and tau proteins in the brain. Unfortunately, those two hallmarks do not explain the full pathology seen with AD, suggesting that other mechanisms may be involved. Therefore, some reports have mentioned the endotoxin hypothesis of AD stating that LPS may contribute to the pathophysiology of AD via peripheral infections or gut dysfunction, elevating LPS levels in blood and brain, and promoting amyloid pathology, tau pathology and microglial activation (Brown & Heneka, 2024). It has been reported that BBB levels of LPS were elevated in AD patients (Kesika et al., 2021). Moreover, LPS is known to induce Aβ aggregation, inflammation and neurotoxicity (Zhu et al., 2024). As far as the biochemical mechanism is concerned, LPS are known to bind to Tol-like receptors/4 on cell surface and induce the release of critical pro-inflammatory cytokines such as IL1β and TNF α and nitrites (Wiger et al., 2025). Excess nitrites can react with reactive oxygen species (ROS) to form peroxynitrite, which is toxic to DNA.
Oxidative stress and inflammation are deeply interconnected in neurodegenerative diseases. Therefore, managing oxidative stress is crucial for the treatment of AD. The imbalance between the production of ROS and the antioxidants in the case of AD is mainly produced by microglia, following TLR4 activation by PAMPs and DAMPs (pathogen associated molecular patterns and danger activated molecular patterns). As consequence, ROS can damage DNA, proteins and lipids, cause cellular dysfunction and accelerate aging (Ionescu-Tucker & Cotman, 2021). Furthermore, excess ROS is known to activate inflammatory pathways (NFkB and NLRP3 inflammasome) (Zhou et al., 2011). In the other hand, inflammation amplifies ROS production, with persistent oxidative stress and inflammation reinforcing each other, leading to tissue damage and disease progression.
In AD, ROS damage neurons and promotes Amyloid-β aggregation (Butterfield, 2002). Many enzymes are involved in the cell antioxidant system including catalase, which prevents accumulation of hydrogen peroxide which can damage DNA and proteins. Moreover, reduced catalase activity is linked to AD (Nandi et al., 2019). Malondialdehyde can also form adducts with proteins and DNA, thereby altering their structure and function. Indeed, elevated MDA is linked to neurodegenerative diseases such as AD and PD (Dib et al., 2002). Low glutathione levels are linked to increased oxidative stress and neuronal damage (Akingbade et al., 2023). Another important enzyme is acetyl choline esterase (ACE) which plays an important role in memory and learning by regulating acetylcholine levels in the brain. AD patients often show reduced activity of ACHE due to neuronal loss (Rosengarten et al., 2009). Therefore, ACHE inhibitors appear to be important targets for AD treatment.
[bookmark: _Hlk207955836]The therapeutic options currently available for AD on the market are of limited effectiveness and purely symptomatic (Chakkittukandiyil et al., 2024). For instance, donepezil, galantamine and rivastigmine are cholinesterase inhibitors that are prescribed in the less advanced phases of the disease (moderate AD). Moreover, some of these drugs, in addition to being expensive, are associated with numerous adverse effects (dizziness, somnolence muscle cramps as well as a loss of effectiveness over time). Hence, the need to seek new, more effective and less expensive treatments that can protect the brain from damage is urgent. 
[bookmark: _Toc211706332]Khaya grandifoliola (KG) is a plant used in traditional medicine in Cameroon and West Africa in the treatment of various liver conditions. Previous work done on this plant has shown promising results for the treatment of malaria, arthritis, anemia and fever (Galani et al., 2016; Kouam et al., 2017; Njayou et al., 2015). In addition, it also has antioxidant properties and contains polyphenols and flavonoids as the main bioactive compounds (Mediesse et al., 2018).
The aim of this research was to study the healing effect of KG following LPS intoxication in rats.




MATERIAL AND METHODS
Plant material 
The barks of the trunk of KG were harvested in Foumban in the western region of Cameroon; identified at the National Herbarium (Voucher number: 52661 YA) and preserved under appropriate laboratory conditions.  
Animals
Wistar albinos’ rats (n = 25), aged between 8-10 weeks at the beginning of the experiment were housed in the animal facility of the Laboratory of Pharmacology and Toxicology, University of Yaoundé 1. All rats used in this study were kept on a 12/12/ dark light cycle and a constant ambient temperature of 25 ° C. All animals were subjected to a standard rat diet and water at will. All the experiments carried out in this study were approved by the Ethics Committee of the National Veterinary Laboratory.	Comment by Sathiaseelan, Roshini: Please give a ration ale for choosing this age group, since AD pathology is seen mostly in old age.
Preparation of the hydro-ethanolic extract  
After harvesting, the barks of KG were washed with distilled water, air-dried and crushed into powder. At room temperature, for 200 g of the powder, we carried out two extractions with 2 L of ethanol/ water 65/35 (V / V) with regular agitation for 48 hours. The filtered solutions obtained were pooled and dried evaporated using a rotary evaporator before drying in an oven (HP-AD070, Memmert; Germany) at 50 ° C.
Behavioral tests
To evaluate the impact of KG on mobility, anxiety and memory, different tests were carried out using the ANY-MAZE software.
In vivo studies: induction of neuroinflammation
Prior to experiments, rats have been conditioned in their new living environment for 7 days and have subsequently been randomly divided into 5 groups: Group 1 (control) received distilled water for 6 days, Group 2 received LPS (1 mg / kg, I.P.) for 6 days. Group 3 received LPS (1 mg/kg, I.P.) for 6 days added to Baicalin (10 mg/kg) for 15days; groups (4) and (5) received the LPS (1 mg / kg, I.P.) for 6 days added to KG extract at 75 and 225 mg / kg, respectively for 15 days. 
LPS intoxication (1 mg/kg) of the groups (2,3,4 and 5) occurred in the first 6 days. The FST and the ECM tests were carried out on days 3;7;10 and 15. On day 22, after fasting for 24 hours, the rats were sacrificed. The blood was collected and centrifuged. In the serum obtained, liver biochemical markers (ASAT and ALAT), total protein level, creatinine and proinflammatory cytokines levels were measured.  Finally, the brains were collected and crushed. In the homogenates obtained, oxidative stress markers (MDA, GSH, and NO), oxidative stress enzyme (CAT) and acetylcholinesterase activity were determined.	Comment by Sathiaseelan, Roshini: Please provide a reference for 24 hrs fasting, normally recommended fasting time is 0vernight to 16 hrs.
The Elevated Cross Maze (ECM)
The ECM is one of the most widely used anxiety tests in rodents. The device consists of a raised four-edged labyrinth with two opened and two closed branches. Open branches are spontaneously anxiogenic for the rat, which therefore prefers to spend its time in closed branches. The variables measured were the number of entries in the open branches and closed branches as well as the time spent in the open branches, closed branches and the neutral central zone. The number of feces and the presence or absence of urine were also recorded. From these variables, the total number of entries in the branches provides information on the locomotor activity of the animal as well as the percentage of entries in open branches [% open branch entries = (number of open branch entries/ total number of entries) x 100] reflecting the degree of anxiety of the rat were calculated.
The Forced Swimming Test (FST)
 The FST is a behavioral model that allows predicting the effectiveness of an antidepressant treatment. This animal model, used in both rats and mice, however, has differences in procedure depending on the species used. The test consists of individually placing the rat in an aquarium 40 cm high by 30 cm wide. These dimensions ensure that the rat cannot escape by gripping the edges of the device. The aquarium is filled with water at 25 C. The swimming capacity of each animal was recorded and data analyzed.
Analysis of oxidative and hepatorenal stress parameters
Glutathione assay
Twenty (20) microliters of homogenate of each organ and 20 μL of KCl were added respectively in test tubes: assay and blanc and then, 3 mL of the Ellman reagent (5,5dithiobis-2-nitrobenzoic acid (DTNB) in phosphate buffer (0,1M pH 6,5) were added. After homogenization, the tubes were incubated at room temperature for 1h, and the absorbance was read at 412 nm against the blank.
Catalase assay
The protocol involved mixing precise volumes of distilled water, homogenate, phosphate buffer, hydrogen peroxide and potassium dichromate/glacial acetic acid in test tubes. The tubes were then incubated for 1 minute at room temperature before adding potassium dichromate/glacial acetic acid. The tubes were then capped with glass beads and the solutions heated to 100°C for 10 minutes. After cooling, the absorbance of the samples was read at 570 nm using an Urit-810 spectrophotometer.
Malondialdehyde assay
The protocol consisted of mixing precise volumes of Tris-HCl buffer, homogenate, trichloroacetic acid (TCA) and thiobarbituric acid (TBA) in test tubes. The tubes were then capped using glass beads, heated at 90°C for 10 minutes in a water bath, then cooled with tap water and centrifuged at 3000 rpm/min at room temperature for 15 minutes. The supernatant was then sampled, and its absorbance was read at 530 nm using a spectrophotometer.
Nitrites quantification
The determination of nitric oxide (NO) was carried out by the Griess colorimetric method, based on the reaction of nitrite with Griess reagent to form a colored product. The protocol consisted of preparing a series of standards sodium nitrite (NaNO2) at known concentrations, as well as samples to be analyzed. Griess reagent was then added to each tube, followed by incubation for 10 minutes at room temperature. The absorbance of the solutions was then read at 546 nm using a spectrophotometer. A calibration curve was established by plotting the absorbance of the reference tubes as a function of NaNO2 concentration. The nitrite concentration in each sample was then determined from this calibration curve.
Protein quantification
The determination of total proteins was carried out using the Biuret method. A series of tubes containing solutions of bovine serum albumin (BSA) at known concentrations has been prepared, as well as the samples to be analyzed. Biuret reagent was then added to each tube, followed by a 30-minute incubation at room temperature, protected from light. The absorbance of the solutions was then read at 540 nm using a spectrophotometer. A calibration curve was established by plotting the absorbance of the reference tubes as a function of the amount of protein. 

Alanine amino transferase assessment
In two groups of tubes marked blanc and test, we introduced 360 μL of ALAT substrate (Alanine 0.2 M, α-ketoglutarate 2 mM in phosphate buffer 0.1 M, pH 7.4) that we pre-incubated for 5 min at 37°C in a water bath. Then, 40 μL of serum or 40 μL of physiological water were added respectively in the test and blanc tubes. The whole was mixed by agitation with a vortex, then incubated for 30 min at 37°C in a water bath. Two hundred (200) μL of 2,4-DNPH was added in all tubes. The solutions were mixed and incubated at room temperature for 20 min, then 2 mL of  0.4 M NaOH solution was added. The tubes were once again mixed and incubated at room temperature for 30 min. Finally, the absorbance of the brown solution formed was read against the blanc at 505 nm with the spectrophotometer.
Evaluation of Aspartate Amino Transferase
In test tubes, we have introduced 100 μL of distilled water and 100 μL of sample and then 1000 μL of working reagent. The mixture was homogenized, incubated for 1 minute at 37 ° C and the absorbance was read at 340 nm against every minute for 3 minutes.
Creatinine assay
The working reagent was prepared according to the kit instructions (Bio lab) by mixing equal volumes of R1 reagent (picric acid) with R2 reagent (NAQH). The mixture was homogenized and used 30 minutes later. One ml of this solution was mixed with 100 μL of serum, distilled water or calibrator in the test tubes. The mixture was incubated for 10 seconds at 37 ° C and the first absorbance (A1) was read after 30 seconds and the second absorbance (A2) after 90 seconds. The level of creatinine was obtained using the following formula: Creatinine (mg/dL) = ((Δ a) serum)/ ((Δ a) calibrator) x calibrator concentration. Δ a Represents the change in absorbance between 30 and 90 seconds. The calibrator concentration was 2 mg dl.
Acetylcholinesterase assay
Fifty (50) μL of brain homogenate were introduced into a tube containing 950 μL of Tris-HCl buffer (50 mM, pH 8). Subsequently, 100 μL of 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) was added, followed by 20 μL of acetylthiocholine iodide (ATCI). The thio-choline produced by enzymatic catalysis reacts with DTNB to produce a product of yellow color, which was monitored by spectrophotometry at 412 nm for 3 minutes, with readings taken at 1-minute intervals. The enzyme activity was calculated using the following formula:
Activity (μmoles ATCI of hydrolyzed ATCI /min/protein) = (A/min) X 50μL/QP.
Measurement of pro-inflammatory cytokines production
We have used ELISA test to quantify the production of pro-inflammatory cytokines in serum homogenates. A 96 well plate was coated with a capture antibody solution which was diluted to the working concentration (1:200) in PBS. Fifty (50)µL per well of the diluted capture antibody was added into the wells and the plate was incubated overnight at 4oC. Rat Ilβ (R&D systems Cat#DY312-04) and TNFα (R&D systems Cat#DY306) were used. After several washing and blocking steps, 50µL of samples or standard were added into the wells. After another series of washing, 50µL of the detection antibody, diluted in reagent diluent was added to each well and incubated for 2hrs at RT. Thereafter, 50µL of the working solution in streptavidin HRP was added to each well and incubated for 20mins. To stop the reaction, 25µL of stop solution (2N sulfuric acid) was used and the optical density of the plate was measured at 450 nm using an ELISA plate reader.
Statistical analysis
 The assays were carried out in triplicate; the data were entered into an Excel 2016 spreadsheet and analyzed using the GraphPad Prism software version 8.0.1. The results are expressed as a mean +/- standard deviation. The statistical analysis was carried out by using the one-way ANOVA test for a significance threshold at P<0.05. 















RESULTS
Effects of Khaya grandifoliola on anxiety and depressive behaviour of intoxicated rats
Figure 1 illustrates the effect of KG on anxiety and depression in rats following treatment with LPS. From the results, at the beginning of the treatment, rats showed a high level of anxiety in all groups as shown in Fig 1 A. However, when treated with KG at 75 and 225 mg/kg, at the end of the treatment, the level of anxiety decreased as was also observed with Baicalin, the reference drug used. Moreover, as far as depression is concerned, we observed a significant reduction in depressive behaviour in all treated groups, in comparison with G2 (LPS only) (Fig 1D). However, KG-F225 fraction demonstrated a better effect than the KG-75 fraction. 
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	Comment by Sathiaseelan, Roshini: Please provide a bar graph with the individual points



Figure 1: Effects of Khaya grandifoliola on anxiety and depressive behaviour of rats intoxicated with LPS. (A): effects of LPS on rats on early treatment, (B): effects of K. grandifoliola on rats treated with LPS. G1: rats treated only with food and water; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) KGF 75mg; G5: LPS(1mg/kg) + KGF225mg; a= significant difference from G1 p< 0.05; b= significant difference from G2. The data for each bar is represented as a mean ± standard deviation, n = 5.  (C): effects of LPS on rats on early treatment, (D): effects of K. grandifoliola on rats treated with LPS G1: rats treated only with food and water; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) KGF 75mg; G5: LPS(1mg/kg) + KGF225mg; a= significant difference from G1 p< 0.05; b= significant difference from G2.
Effects of Khaya grandifoliola on the activity of ALAT, ASAT and serum creatinine levels
Analysis of liver enzymes showed that rats treated with KG exhibited reduced ALAT and ASAT activities compared to that of the positive control (LPS only/G2). However, the KG-F225 fraction has a better hepato-protective effect than the KG-75 fraction.    Moreover, rats treated with KG also showed reduced activity in the creatinine level compared to that of the positive control (LPS treatment only). 
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Figure 2: Effects of Khaya grandifoliola on the activity of ALT, AST and serum creatinine level. 
(A and B): G1: rats treated only with food and water; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. (C) G1: rats treated only with food and water; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. (D) G1: rats treated only with food and water; G2: rats treated with LPS. a= significant difference from G1, p< 0.05; b= significant difference from G2. The data for each bar is represented as a mean ± standard deviation, n = 5.











Effects of Khaya grandifoliola on catalase activity and lipid peroxidation
Figure 3 shows that treatment with KG at both doses led to an increase in catalase activity compared to that of the positive control (Fig 3A). In addition, rats treated with KG showed a reduction in the concentration of MDA compared to that of the positive control (Fig 3B). 
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Figure 3: Effects of Khaya grandifoliola on catalase activity and lipid peroxidation
(A):G1: rats treated only with food and water; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. (B): (G1: rats treated only with water and food; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. a= significant difference from G1 p< 0.05; b= significant difference from G2.  

Effects of Khaya grandifoliola on total protein and (GSH) levels
The amount of total protein was significantly reduced in the KG treated groups in comparison to the intoxicated group. However, the concentration of GSH increased significantly in the KG-treated groups in comparison to the LPS-intoxicated group. 
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Figure 4: Effects of Khaya grandifoliola on total protein level and the amount of (GSH).
(A): (G1: rats treated only with water and food; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. (B): (G1: rats treated only with water and food; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg.a= significant difference from G1 p< 0.05; b= significant difference from G2.
Effects of Khaya grandifoliola on nitric oxide concentration and acetylcholinesterase activity.
Figure 5A shows that the nitrite concentration decreased significantly in the KG-treated groups in comparison to the LPS-intoxicated group (Fig 5A). The activity of acetylcholinesterase was significantly reduced in the KG-treated groups in contrast to the intoxicated group (Fig 5B). 
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Figure 5: Effects of Khaya grandifoliola on nitric oxide concentration and on acetylcholinesterase activity.
(A):(G1: rats treated only with water and food; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: (B): (G1: rats treated only with water and food; G2: rats treated with LPS (1mg/kg); G3: rats treated with LPS (1mg/kg) + Baicalin; G4: LPS (1mg/kg) + KGF 75mg; G5: LPS+KGF225mg. a= significant difference from G1 p< 0.05; b= significant difference from G2. The data for each bar is represented as a mean ± standard deviation, n = 5. 
Effect of K grandifoliola on pro-inflammatory cytokines production
The production of pro-inflammatory cytokines IL1β and TNFα was quantified in all treatment groups. As shown in Fig 6A and B, cytokines levels in sera were significantly reduced in rats treated with KG at both concentrations (Group 4 and Group5) compared to LPS treated group (Group 2).
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Figure 6:	Comment by Sathiaseelan, Roshini: I strongly feel that you should have confirmed the AD-like pathology by some histology markers
Figure 6: Effect of KG on the production of pro-inflammatory cytokines. Different rat groups were treated as described in material and methods. Sera was prepared from rats and used for ELISA assay. (A) IL1β, (B) TNFα. Each dot represents the values for each animal of a group (n=5). *p<0.05, **p<0.05, ***p<0.05. ### comparison between control and LPS-treated group.
DISCUSSION
Exposure to infectious bacteria has been linked to the pathogenesis of neurodegenerative disorders, notably AD (Parra-Torres et al., 2023). LPS are known to be potent pro-inflammatory agents that can cross the BBB and initiate neuroinflammation in the brain (Skrzypczak-Wiercioch & Salat, 2022). Indeed, once in the body, they can trigger inflammatory processes that generate oxidative stress, known to be harmful to biological molecules such as DNA and proteins (Zhou et al., 2021). In this research work, our aim was to find new drugs from medicinal plants that can be used to prevent the toxicity induced by LPS on the brain. Several compounds from plants, notably for their wealth of bioactive compounds, have shown potential effects against AD, such as Baicalin, polyphenols, flavonoids, tannins and coumarins thanks to their antioxidant, anti-inflammatory, antidepressant properties and their potential of inhibition of acetylcholinesterase (Calderaro et al., 2022; Song et al., 2025; Zhao et al., 2019). 
Khaya grandifoliola is a plant from the Meliaceae family containing bioactive compounds such as polyphenols, flavonoids, tannins and coumarins (Atangana Nkene et al., 2025). Recent scientific studies have highlighted their antioxidant and anti-inflammatory properties, two key mechanisms involved in the development of AD (Mukaila et al., 2021), confirming the antioxidant properties of KG and suggesting that it may help to scavenge harmful free radicals that can damage brain cells. (Owona et al., 2025) have highlighted the anti-inflammatory and antioxidant effects of KG which could help reduce chronic inflammation by inflammasome components inhibition in THP-1 cells. In order to measure the effect of the plant extract in vivo, we have explored the neuroprotective potential of its KG-75 mg/kg and KG-225 mg/kg fractions.
Firstly, we administered LPS at a dose of 1mg/kg for 6 days to mimic the symptoms of AD pathogenesis. Then, we conducted behavioral tests using the ANY- MAZE software. The effect of KG-75 mg and KG-225 mg fractions on anxiety and depression following exposure to LPS were assayed. Depression is a risk factor as well as a common symptom in AD. It is caused by overactive immune response in the brain, oxidative stress, reduced serotonin and acetylcholine activity. As far as anxiety is concerned, it is extremely common in AD, affecting up to 75% of patients. In our study, we observed that anxiety and depression were improved following treatment with KG at the two doses, a result that could be explained by the anti-inflammatory and antioxidant properties of the plant as it was the case with other plant extracts which have demonstrated antioxidant and anti-inflammatory effects with promising effects against AD.
Next, we analyzed the effect of these fractions (KG-F75 and KG-F225) on key biochemical markers of oxidative stress and inflammation. The fractions KG-75 and KG-225 have also shown modulation of the activity of catalase, glutathione, nitric oxide and Malondialdehyde, therefore conferring a protection against oxidative stress, a crucial factor in Alzheimer’s disease pathogenesis (Bai et al., 2022). Regarding liver and kidney toxicities, the fractions restored the ALAT, ASAT and creatinine levels in treated rats, suggesting that they were not toxic to the animals at the doses used. Indeed, many research papers from our laboratory have demonstrated the hepatoprotective effect of KG, which is in line with the results obtained in this study (Galani et al., 2016; Kouam et al., 2021).
The exposure of rats to 1 mg/kg LPS for 6 days induced significant neurotoxicity, evaluated by the reduction of their mobility and the impairment of their short-term memory. These results are consistent with previous studies that have demonstrated the neurotoxic effects of LPS on rats (Chen et al., 2020; Mosalam et al., 2024). The administration of KG-75 mg and KG-225 mg for 15 days after 6 days of LPS intoxication attenuated the neurotoxicity induced by LPS, confirming their neuroprotective properties. 
Examination of the enzymatic activity of antioxidant enzymes showed that the KG-75 mg and KG-225 mg fractions significantly influenced enzyme activity. These fractions led to a notable increase in the activity of catalase and nitric oxide (NO) synthase. These observations indicate that the bioactive compounds in the plant could strengthen the antioxidant defense mechanisms of cells, thus offering protection against oxidative damage. Furthermore, the KG-75 mg and KG-225 mg fractions resulted in a substantial reduction in Malondialdehyde (MDA) levels, a key indicator of oxidative stress, while reducing total protein levels, suggesting beneficial effects on cell and tissue health. Furthermore, the decrease in nitrite levels, a metabolite of nitric oxide, indicates that bioactive compounds in plants could reduce the production of nitric oxide, a crucial aspect for neuroprotection and the regulation of vasodilation which is in line with the work of (Hagiwara & Matsushita, 2014; Jin et al., 2021; Moore et al., 2019).

Conclusion
In conclusion, the results of this study provide preliminary evidence for the neuroprotective effect of the KG-75 mg and KG-225 mg fractions of Khaya grandifoliola, which showed a neuroprotective effect against key enzymes of the antioxidant system and modulated their activities, improving the antioxidant defenses. In addition, they attenuated the LPS-induced neurotoxicity, improving cognitive performance in rats. These results suggest that these fractions could constitute promising candidates for the development of treatments against AD. Further research is needed to confirm the efficacy and safety of these in other animal models and investigate the molecular pathways involved.
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