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					ABSTRACT  

					ARTICLE INFO  

					The hippocampus, a major part of the limbic lobe, is divided into the Cornu Ammonis (CA1-CA4)  

					and the dentate gyrus (DG) and plays major role in memory and learning. It has been determined  

					that the leaves of Colocasia esculenta are rich in minerals, vitamins B complex, E, and ascorbic  

					acid, as well as important amino acids. The study evaluated the therapeutic influence of Colocasia  

					esculenta leaf aqueous extract (CELE) on hippocampal injury elicited by Lipopolysaccharide  

					(LPS) in mice. Six groups of forty-eight mature male albino mice in good condition, weighing  

					between 20 and 24 grams each, were formed. Group I consist of mice that are in good health,  

					while groups II–VI received intraperitoneal injections of lipopolysaccharide at a dose of 0.5 mg/kg  

					for a period of seven days in order to cause neurodegeneration. Group II was given two milliliters  

					of distilled water, Group III was given CELE (400 mg/kg/day), Group IV was given 600  

					mg/kg/day, and Group V was given 800 mg/kg/day of CELE. Group VI was given 2.5 mg/kg/day  

					of donepezil-hydrochloride (DPH). When comparing the LPS-exposed groups to group I, there  

					was a statistically appreciable increase in the acetylcholinesterase and indicators of cellular  

					oxidation in the brain (p<0.05). In the group II, Bielschowsky staining revealed neurofibrillary  

					tangles and senile plaques. The delivery of lipopolysaccharide to mice resulted in inflammation,  

					oxidative stress, anxiety-like behaviors, hippocampus injury, and cognitive impairments. CELE  

					reduces degenerative alterations in the hippocampal region and demonstrates antioxidant, anti-  

					inflammatory, and anxiolytic effects  
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					Interestingly, among these medical conditions that results in a sharp  

					reduction in hippocampus volume is Alzheimer's disease. As one of the  

					Introduction  

					The brain structure medially situated within the bilateral  

					temporal lobe is called the hippocampus. The dentate gyrus (DG),  

					Cornu Ammonis (CA), and the subiculum are collectively referred to as  

					the hippocampus. The Cornu Ammonis (CA), which symbolizes the  

					many areas of the hippocampal complex, is shaped like a ram's horn.  

					The CA is divided into four regions: CA1, CA2, CA3, and CA4. The  

					dentate gyrus's hilus is surrounded on both sides by CA3 and CA2, with  

					CA3 being the largest subfield.1 Studies have shown that one area of the  

					brain that is directly impacted by Alzheimer's disease (AD) is the  

					hippocampal region.2 The typical size of the hippocampal region  

					steadily decreases with aging. However, some medical conditions cause  

					the hippocampus volume to shrink more quickly.  

					disease's initial clinical indicators, hippocampal volume reduction  

					typically occurs before cognitive impairment symptoms. The  

					accumulation of tau and β-amyloid proteins in the hippocampus causes  

					both a rapid shrinkage of the structure and a significant loss of neurons.3  

					Pathologically, the hippocampus is the site of the greatest accumulation  

					of neurofibrillary tangles and senile plaques in the brain.2 Rough  

					endoplasmic reticulum makes up the dispersed granular structures  

					known as Nissl bodies found in neurons. They exhibit variations in a  

					range of situations; in pathological diseases like as Alzheimer's disease,  

					they may even completely vanish. However, neurons that are able to  

					recover from injury gradually emerge and reposition themselves within  

					the cell according to their usual distribution. In this investigation,  

					lipopolysaccharide induction resulted in the appearance of all the  

					previously indicated pathognomic characteristics of Alzheimer's  

					disease, which were then lessened by the CELE treatment. Research  

					indicates that neuroinflammation has significant role in the  

					pathophysiology of Alzheimer's disease. Various chemicals, including  

					lipopolysaccharide (LPS), are employed to induce neuroinflammation  

					in experimental settings. LPS triggers chemical reactions that change  

					the way many inflammatory mediators present themselves.4 Taro, or  

					Colocasia esculenta, is a tropical herbaceous perennial crop that grows  

					a big corm that extends slightly above the ground. Its leaves are  

					consistently broad, with lengths ranging from 30 to 200 cm, and nearly  

					uniform in shape. It is mostly cultivated for its roots, but despite its  

					intriguing medicinal potential, the significance of its leaves—aside  

					from their usage as a vegetable—has not yet been thoroughly  

					investigated.  
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					Taro, or Colocasia esculenta, is a tropical herbaceous perennial crop  

					that grows a big corm that extends slightly above the ground. Its leaves  

					are nearly love-shaped and consistently broad, measuring between 30  

					and 200 cm in length. It is mostly grown for its roots, but its leaves are  

					also important and haven't been thoroughly studied beyond eating them  

					as a vegetable, even though they may have some medicinal uses.  

					Compared to other crops in its class, Colocasia esculenta is one of the  

					crops having a wide range of medicinal uses. The leaf includes a variety  

					of bioactive components, including tarin, polysaccharides, alkaloids,  

					polyphenols, and saponins, according to several earlier studies. Along  

					with other pharmaceutical uses, these bioactive ingredients have also  

					and productive in memory loss treatment.9 oral gavage was used to  

					administer both the CELE and DPH treatment. The LD50 of Colocasia  

					esculenta Leaf extract is around 5000 mg/kg.10  

					Behavioral assessments  

					Behavioral assessments were carried out using; Y-Maze, elevated plus-  

					maze, open-field, and novel object recognition tests, to evaluate the  

					extent of neuroinflammation as well as the effect of CELE to attenuate  

					hippocampal injury. The assessments were performed seventy-two  

					hours before induction of neurotoxicity; twenty-four hours after LPs  

					injection, day 14 of CELE treatment and day 19 into CELE treatment.  

					been  

					linked  

					to  

					anti-hyperglycemia,  

					anti-inflammatory,  

					immunoprotective, and neuroprotective effects.5 According to Eneh and  

					associates, this leaf has numerous amount of bioactive components,  

					including saponins, flavonoids, alkaloids, and vital minerals.6 This  

					study investigated the potential therapeutic benefit of an aqueous extract  

					of the leaf in ameliorating the symptoms of Alzheimer-like disease  

					generated by lipopolysaccharide in a mouse model, as the leaf is still  

					underutilized despite having a rich pharmacological profile.  

					Collection of samples  

					The Sacrifice of mice was done by cervical dislocation the following  

					day after treatment termination. Brain tissues were extracted and  

					dropped into an isotonic saline and placed in the freezer. The brain  

					region of interest (hippocampus) was extracted out and then  

					homogenized for biochemical analyses.  

					Morphometric analysis  

					Animal weights and the total brain weight (TBW) were measured with  

					Infitek weighing scale, while the total brain volume (TBV) was  

					estimated using the Erlenmeyer volumetric flask.  

					Materials and Methods  

					Materials  

					Histological analysis  

					The protein analysis kit (ELISA kit) was purchased from eBioscience,  

					Inc. (Carlifonia, USA), and the AChE test kit was obtained from  

					Randox company (Antrim, UK). Chemicals, histology reagents, buffers  

					lipopolysaccharide (LPS) and were bought from Sigma-aldrich, USA.  

					Donepezil-Hydrochloride was procured from Uches Pharmaceuticals in  

					Ondo, Nigeria.  

					The Hippocampal tissue with 10% Neutral Buffered Formalin  

					(10%NBF) and frontal sectioning was done on the tissue. The tissues  

					were then processed to generate paraffin wax blocks histological  

					staining. The Histological staining techniques used include  

					Hematoxylin-Eosin, Cresyl violet and silver impregnation  

					(Bielschowsky’s silver stain).  

					Acetylcholinesterase (AChE) and Nitric oxide (NO) assay  

					Colocasia esculenta Leaf Extract (CELE) preparation  

					An Acetylcholinesterase activity assay kit based on the Ellman  

					method,11 was used and the value was estimated using an established  

					procedure,12 to determine the AChE level while Nitric oxide level was  

					estimated by the protocol described by Fujii and Berliner (1999).13  

					The Ladoke Akintola University of Technology Ogbomoso  

					(LAUTECH) farm provided the fresh Colocasia esculenta leaves that  

					were gathered on February 7, 2022. The leaves were authenticated at  

					LAUTECH Herbarium with the voucher number LHO 840. After being  

					cleaned, the leaves of Colocasia esculenta were carefully dried in a  

					shaded area. After, the air-dried leaves were milled into a powder using  

					an electric pulverizer, 600 g of substrate was obtained. This substrate  

					was then steeped in pathogen-free water for 72 h and filtered through  

					muslin fabric to produce a clean filtrate. Whatman filter paper1 was  

					used to filter the clear filtrate one more time before the final clean  

					solution was concentrated in a rotovap set to 20 to 30 degrees Celsius.  

					The concentrated aqueous extract was kept in the freezer before being  

					reconstituted and administered at various doses.7  

					Malondialdehyde (MDA) and Glutathione peroxidase assay  

					The assay was done according to Varshney procedure.14 MDA quantity  

					was estimated according to the Adam-Vizi procedure.15 while GPx  

					activity was determined with the procedure outlined by Rotruck.16  

					Superoxide dismutase (SOD), Reduced Glutathione (GSH),  

					and Glutamate Dehydrogenase (GDH) assay  

					Reduced glutathione was determined by the Moron technique,17  

					Superoxide Dismutase was calculated by protocol of Misra and  

					associate. 18 and GDH activity was determined using the procedure of  

					Strecker (1953).19  

					Experimental animals  

					The Experimental mice were kept in the Laboratory Rodent breeding  

					apartment, University of Medical Sciences (UNIMED), Ondo-State.  

					Forty-eight (48) healthy adult Swiss male albino mice (aged 10–12  

					weeks), with body weights ranging from 20 to 24 g which were obtained  

					from UNIMED animal breeding habitat were used for the research. The  

					animals had access to water and animal feed (grower marsh pellets) ad  

					libitum. Every mouse was given a 14-day acclimatization period, and  

					all procedures were carried out in accordance with the policies set forth  

					by the University of Medical Sciences, Ondo's research-ethical  

					committee (UNIMED-areco/Apv-2/23/036).  

					Determination of inflammatory markers  

					Tumor Necrosis Factor-α and Interleukin-6 levels were determined  

					by sandwich enzyme-linked immunosorbent assay (ELISA)  

					following the instructions of the manufacturer.  

					Photomicrography  

					Sections were observed with a bright-field microscope. Non-overlapping  

					micrographs were obtained at ×40 and 400 magnifications.  

					Statistical analysis  

					Induction of neurotoxicity  

					Data were presented as Mean ± Standard Error of Mean (SEM).  

					GraphPad-9 Software was used for data analysis while one-way  

					analysis of variance was used to compare the means amongst the test  

					groups and the level of significance was considered at p < 0.05.  

					Using Ramrez technique,8 the experimental mice were administered 0.5  

					mg/kg of lipopolysaccharide intraperitoneally (IP) for one week in a  

					row to cause hippocampus injury.  

					Treatment approach  

					Treatment was initiated forty-eight hours after LPs administration, and  

					the treatment was given for 21 days consecutively. Mice were  

					distributed into six groups (n = 8); Group I (normal control) was  

					administered 2mls of sterile water daily. Group II (LPS-only) was  

					treated with 2 mL of LPS-only throughout the period of the experiment.  

					Groups III, IV, and V, which represent LPS-injected models, were  

					treated with CELE at doses of 400 mg/kg/day, 600 mg/kg/day, and 800  

					mg/kg/day, respectively. Group VI (positive control) consisted of LPs-  

					injected mice treated with donepezil-hydrochloride (DPH) at a dose of  

					2.5 mg/kg/day; 2.5 to 10mg/kg of donepezil has been proven to be safe  

					Results and Discussion  

					Effect of CELE on Mice Weight and Their Brain Weights  

					The positive control group (Group I) maintained increased body weight  

					and significantly (p< 0.05) high mean brain weight. Group II  

					experienced significant (p< 0.05) reductions in body and brain weight  

					in contrast to the healthy group (Group I) [Figures 1 and 2], indicating  

					disease-induced weight loss and brain damage. Groups III, IV, and V,  

					showed improved body and brain weights. Body and brain weights were  
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					also greater in group F, which was treated with DPH than in the normal  

					group (Group I) [Table1], suggesting an ameliorative effect similar to  

					that of the most effective dose in CELE treatment groups.  

					groups (Groups III, IV, V, and VI, respectively), showed a significant  

					improvement in these behaviors when contrasted to the mice in group  

					II (p<0.05). Line crossing and walling decreased across all groups  

					compared to those in group I, but the values in the CELE-treated groups  

					were statistically higher than those in the group II (p<0.05), as shown  

					in Table 2. This suggested that exposure to LPS caused a significant  

					reduction in exploratory behavior compared to Group I. However,  

					various doses of CELE improved the behavior, suggesting a potential  

					therapeutic effect in mitigating the adverse behavioral effects caused by  

					LPS.  

					Impact of CELE on LPS-induced behavioral alterations in open field  

					test  

					The open field test showed a significant reduction in exploratory  

					behavior (rearing, grooming, line crossing, and walling) of mice in  

					Group II contrasted to Group I (p<0.05). Meanwhile, the other treatment  

					Table 1: Effect of CELE on body weight and brain weight of mice with LPS- Induced weight loss  

					Treatment group Initial Body Weight (g) Final Body Weight (g) Brain Weight (g)  

					18.29 ± 0.6061 25.24 ± 0.423* 0.3740 ± 0.008718  

					I: Control: Normal  

					II: LPS-ONLY  

					22.57 ± 0.4286  

					21.43 ± 0.5281  

					20.14 ± 0.6701  

					20.57 ± 0.8959  

					20.14 ± 0.5084  

					14.73 ± 0.5405*  

					19.13 ± 0.3763*  

					18.14 ± 0.3961  

					18.74 ± 0.1309  

					19.78 ± 0.1886  

					0.2440 ± 0.006782 *  

					0.3100 ± 0.009487*α  

					0.3020 ± 0.01020*αβ  

					0.3000 ± 0.01095*α  

					0.3260 ± 0.005099*α  

					III: LPS+400 mg CELE  

					IV: LPS+ 600 mg CELE  

					V: LPS+ 800 mg CELE  

					VI: LPS+DPH  

					Data expressed as Mean ± S.E.M, n = 8 in each group, *: represents a significant difference from control, α: represents a significantly different from LPS,  

					β: represents a significant difference from DPH at (p< 0.05), One-Way ANOVA followed by Tukey’s post hoc test.  

					Table 2: Effect of CELE on LPS-induced behavioral alterations in open field test  

					Treatment group  

					Parameter  

					Rearing  

					Grooming  

					Line Crossing  

					Walling  

					I: Control: Normal  

					6.20±0.73  

					33.40±1.63  

					3.20±0.97*  

					6.40±1.17α  

					1.60±0.40*  

					5.20±1.20α  

					II: LPS-ONLY  

					1.20±0.37*  

					4.40±0.51α  

					9.40±1.63*  

					23.40±1.17  

					III: LPS+400 mg CELE  

					19.80±2.22*α  

					11.40±1.57*αβ  

					IV: LPS+ 600 mg CELE  

					V: LPS+ 800 mg CELE  

					VI: LPS+DPH  

					4.40±1.12α  

					3.80±0.73α  

					4.40±0.81α  

					3.80±1.11α  

					4.00±0.45α  

					5.00±0.71  

					15.20±3.72*α  

					18.00±2.39*α  

					22.40±1.12*α  

					15.40±1.03*αβ  

					13.20±0.37*αβ  

					5.00±1.30*  

					Data expressed as Mean ±S.E.M, n=8 in each group, *: represents a significant difference from control, α: represents a significantly different from LPS,  

					β: represents a significant difference from DPH at (p< 0.05), One-Way ANOVA followed by Tukey’s post hoc test.  
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					when contrasted to both the normal group (Group I) and Group VI  

					(p<0.05) [Table 4]. When compared with CELE groups, NOET of mice  

					in Groups I and VI significantly increased. These findings suggest that  

					CELE treatment holds promise in the cognition and memory  

					dysfunction treatment.  

					30  

					20  

					10  

					0

					Initial Weight  

					Final Weight  

					*

					*

					Impact of CELE on markers of Cellular oxidation and antioxidant  

					indicators  

					*

					This study showed statistically significant increase in the MDA and NO  

					levels in mice administered with LPS (p<0.05), but after CELE and DPH  

					treatments, there was a significant decrease in the levels of these  

					parameters compared to those in GROUP II (p<0.05). Interestingly,  

					Groups IV and V had no significantly lower values than Group III  

					(p<0.05). While Groups III, IV and V had significantly greater values  

					than group VI (p<0.05). [Figures 3 and 4]. The brain oxidative stress  

					markers levels were statistically lower in the groups exposed to LPs  

					when contrasted to the normal group (p<0.05). But compared with  

					Group II, CELE treatment significantly increased the levels of these  

					antioxidant enzymes (p<0.05). Obviously, the amount in Group VI were  

					significantly greater than those in Groups III, IV and V (p<0.05) [Figure  

					3]. These results suggest that CELE treatment may protect against  

					cellular oxidation in the brain, as indicated by its ability to modulate  

					cellular oxidation and antioxidant markers.  

					A
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					Figure 1: Effect of CELE on the body weight loss induced by  

					LPS: *: represents a significant difference from control at (p<  

					0.05), One-Way ANOVA followed by Tukey’s post hoc test.  
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					Figure 2: Effect of CELE on the weight of the brain after LPS-  

					Induced weight-loss: *: represents a significant difference from  

					control, α: represents a significantly different from LPS at (p<  

					0.05), One-Way ANOVA followed by Tukey’s post hoc test.  

					Oxidative Stress Markers  

					Figure 3: Impact of CELE on MDA, SOD, and GDH in LPS-  

					induced oxidative stress: *: represents a significant difference from  

					control, α: represents a significantly different from LPS, β:  

					represents a significant difference from DPH at (p< 0.05), One-Way  

					ANOVA followed by Tukey’s post hoc test.  

					Effect of CELE administration on Y-maze and elevated plus-maze  

					parameters in Lipopolysaccharide- induced neurodegeneration  

					This study showed a statistically significant reduction (p<0.05) in the  

					percentage of alternation frequency (%ALTN) in Group II compared to  

					that in the normal control group (Group I). Meanwhile CELE treatment  

					groups (Groups III, IV & IV) displayed a markedly increase in %ALTN,  

					more than those in Groups I and VI (p<0.05) as shown in [Table 3]. The  

					frequencies of entering the open and closed arms were significantly  

					lower across other treatment groups when compared to that of the  

					normal group (p<0.05), but the treatment groups showed no significant  

					values (p>0.05) for both entries than did Group II. Additionally, LPS-  

					exposed mice displayed significantly decreased duration of stay in the  

					open arm (DOSOA) and increased duration of stay in the closed arm  

					(DOSCA) (p>0.05), while post-treatment with CELE significantly  

					increased DOSOA and decreased DOSCA in a dose-dependent manner  

					when compared to those in Group II and Group VI (p<0.05) [Table 3].  

					Overall, these findings suggest a potential beneficial impact of CELE  

					on behavioral parameters, mitigating anxiety behavior elicited by  

					Lipopolysaccharide.  
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					Oxidative Stress Markers  

					Impact of CELE on LPS-elicited behavioral alteration in the Novel  

					Object Recognition Task  

					The familiar object engagement time (FOET) increased significantly,  

					while the Novel object engagement time (NOET) decreased in the LPS-  

					treated group compared to the normal group (p<0.05). However, in  

					Groups III, IV and V, FOET reduced and NOET increased appreciably  

					Figure 4: Impact of CELE on GPx and GSH in LPS-induced  

					cellular oxidation:*: represents a significant difference from control,  

					α: represents a significantly different from LPS, β: represents a  

					significant difference from DPH at (p< 0.05), One-Way ANOVA  

					followed by Tukey’s post hoc test.  
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					Table 3: Effect of CELE on Y-Maze and Elevated Plus-maze parameters in mice with LPS-induced neurodegenerative changes  

					Treatment group  

					Y-Maze  

					Elevated Plus Maze Parameter  

					Alternation  

					%ALTN  

					No Open  

					No closed  

					Time OA  

					Time CA  

					I: Control: Normal  

					II: LPS-ONLY  

					80.16±2.20α  

					41.62±4.66*  

					6.00±1.14  

					219.00±11.00α  

					81.00±11.00α  

					10.80±1.66  

					4.00±0.54*  

					5.00±0.71*  

					62.80±10.08*  

					237.20±10.08*  

					III: LPS+400 mg CELE  

					IV: LPS+ 600 mg CELE  

					V: LPS+ 800 mg CELE  

					VI: LPS+DPH  

					77.06±2.39αβ  

					70.98±3.46αβ  

					60.88±5.78αβ  

					75.74±1.92  

					5.20±0.86*  

					4.80±1.02*  

					3.60±0.60*  

					6.80±1.02*  

					4.00±1.10*  

					3.40±0.51*  

					3.80±0.49*  

					4.40±0.40*  

					183.60±15.88αβ  

					175.00±4.68αβ  

					171.40±27.49αβ  

					213.80±10.16  

					116.40±15.88αβ  

					125.00±4.68αβ  

					128.60±27.49αβ  

					86.20±10.16  

					Data expressed as mean ± S.E.M, n=8 in each group, *: represents a significant difference from control, α: represents a significantly different from LPS,  

					β: represents a significant difference from DPH at (p< 0.05), One-Way ANOVA followed by Tukey’s post hoc test  

					Table 4: Effect of CELE on LPS-induced behavioral alteration in the Novel Object Recognition Test  

					Treatment groups  

					Parameter  

					FOET  

					NOET  

					I: Control: Normal  

					II: LPS-ONLY  

					201.40±14.85  

					98.60±14.85  

					150.80±17.63*β  

					149.20±17.63*β  

					III: LPS+400 mg CELE  

					IV: LPS+ 600 mg CELE  

					V: LPS+ 800 mg CELE  

					VI: LPS+DPH  

					187.40±17.56*β  

					144.40±11.40*β  

					157.80±20.43*β  

					226.40±14.91*  

					142.60±17.56*β  

					155.60±11.40*β  

					142.20±20.43*β  

					73.60±14.91*  

					FOET: Familiar Objects Engagement Time; NOET: Novel Objects Engagement Time. Data expressed as Mean ± S.E.M, n=8 in each group,  

					*: represents a significant difference from control, α: represents a significantly different from LPS, β: represents a significant difference from DPH at  

					(p< 0.05), One-Way ANOVA followed by Tukey’s post hoc test  

					Impact of CELE on makers of inflammation and neurotransmitters  

					In the experimental mice exposed to Lipopolysaccharide, there was  

					300  
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					 : Control  

					*

					        

					appreciable increase (p<0.05) in Interleukin-6 as well as Tumor  

					necrosis Factor-α levels. However, post-treatment with plant extract  

					resulted in a significant reduction in elevated brain IL-6 and TNF-α  

					levels compared to those in LPS-exposed and DPH-treated mice (p <  

					0.05). In the extract treatment groups, no significance was noticed in  

					the IL-6 and TNF-α levels, but groups III and IV showed no  

					significantly greater IL-6 and TNF-α levels group V (p > 0.05).  

					Additionally, AChE and NO levels decreased significantly in Groups  

					III, IV and V compared to Group I and Group VI (p > 0.05). The AChE  

					and NO levels in Groups III and IV showed no significance when  

					contrasted to Group V (p>0.05) [Figures 5 & 6]. These results suggest  

					that CELE treatment effectively reduces markers of inflammation and  

					modulates acetylcholinesterase and nitric oxide levels in the brain of the  

					mice model.  
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					Figure 5: Impact of CELE on markers of inflammation in LPS  

					induced mice: *: represents a significant difference from  

					control, α: represents a significantly different from LPS, β:  

					represents a significant difference from DPH at (p< 0.05), One-  

					Way ANOVA followed by Tukey’s post hoc test.  

					Hematoxylin-Eosin staining of the hippocampal structure  

					Plate1a and1b Representative Photomicrographs of hippocampal  

					sections from experimental mice show the cornu Ammonis (CA) and  

					dentate gyrus (DG). A higher magnification (X400) image of the CA1  

					region revealed well-outlined three layers. The positive control group  

					displayed regular outlines and clear nuclei in the CA1 and DG regions  

					(blue and slender blue arrows).  
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					Figure 6: Impact of CELE on Neurotransmitters in LPS-  

					induced mice: *: represents a significant difference from  

					control, α: represents a significantly different from LPS, β:  

					represents a significant difference from DPH at (p< 0.05), One-  

					Way ANOVA followed by Tukey’s post hoc test.  

					In contrast, the negative control group (Group II) exhibited an irregular  

					neuronal outline, extended pericellular spaces (red arrows), unclear  

					nuclear structure in the DG (blue-arrows), and signs of necrosis  

					(yellow-arrows). The morphology of the cells in Group III was  

					relatively normal, with minimal enlargement of pericellular spaces (red-  

					arrows) and congestion (yellow-arrows). The Group IV tissue exhibited  

					normal morphology with increased glial cells in the granular layer while  

					group V displayed normal morphology with heavily proliferating of  

					pyramidal cells. Whereas in group VI the neurons were with prominent  

					nucleoli (blue arrows). These findings suggest a potential ameliorative  

					effect of CELE against hippocampal pathology.  

					Plate 1b: Photomicrographs of a frontal section of H&E-  

					Stained hippocampal tissue of the Groups IV, V and VI. In the  

					LPS+600mg CELE group, the hippocampus exhibited a normal  

					morphology with numerous glial cells (blue-arrows) and a proliferation  

					of these glial cells (slender blue-arrows) within the granular layer (GL).  

					Likewise, in the LPS+800mg CELE group, neurons displayed normal  

					morphology, and numerous proliferating pyramidal cells with slightly  

					abnormal shapes (red-arrows) in both the external granular layer (GL)  

					and the pyramidal layer (POL). Additionally, a sparse presence of nerve  

					cells (blue-arrows) was noted in the molecular layer (ML). While the  

					LPS+DPH group exhibited intact neurons with distinctive nucleoli  

					(blue-arrows) within the pyramidal layer (POL), featuring pyramidal  

					cells.  

					Cresyl violet staining of the hippocampus of experimental mice  

					Plates 2a and 2b representative photomicrographs of cresyl violet-  

					stained hippocampal sections illustrate distinct morphological changes.  

					In the control group, the dentate gyri displayed a regular density of  

					granule cells with well-stained nuclei. The negative control group  

					(Group II) showed signs of degeneration, such as faintly stained granule  

					cells, reactive astrocytes, and cytoplasmic vacuolations. Group III  

					showed large pyramidal neurons, improved cytoarchitectural  

					manifestations, and well-delineated structures while there was  

					improvement in the cytoarchitecture as well as well-stained Nissl-  

					bodies in Group IV. There was no conspicuous evidence of  

					degenerative changes in Group V. Group VI showed reduced  

					degenerative changes with mild astrocyte expression. These findings  

					suggest  

					a

					dose-dependent ameliorative effect on hippocampal  

					morphology, with the highest dose and positive control exhibiting more  

					notable improvements.  

					Bielschowsky silver staining of Hippocampal tissue  

					Plate 1a: Photomicrographs of a frontal section of H & E-  

					Stained hippocampal morphology of the Group I, II and III: For  

					the positive control group; thicker-blue arrows indicate clear nuclei and  

					while the slender blue arrows indicate nucleoli. The CA1 region  

					exhibits well-outlined three zones; polymorphic layer (POL), pyramidal  

					cell layer (PCL) and molecular layer (ML) while LPS ONLY group  

					exhibited irregular neuronal arrangement in the granular layer (GL), an  

					extended pericellular space (red-arrows), faint nuclear structure in the  

					dentate gyrus (DG) - as depicted by blue- arrows – as well as signs of  

					necrosis (yellow-arrows). Whereas in the LPS+400mg CELE group,  

					there were a few extended pericellular spaces (red-arrows) and few  

					cellular-congestions (yellow-arrows), with well-stained nuclei (blue  

					arrows).  

					The photomicrographs of Bielschowsky-stained hippocampal sections  

					of Plates 3a and 3b revealed notable histopathological changes. In  

					Group II, there was an aggregation of senile plaques and leukocytes,  

					along with neurofibrillary tangles. Group III showed a moderate  

					formation of plaques, while Group IV exhibited mild plaque formation  

					and there were no plaques and leukocytes in Group V whereas Group  

					VI displayed scanty plaque formation. These findings suggest varying  

					effects of the plant extract treatment and the positive control on senile  

					plaque formation, indicating potential ameliorative effects.  

					Understanding the pathogenesis of AD is crucial to advancement in the  

					search for newer alternative therapies.  
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					Plate 2a: Photomicrographs of a frontal section of Cresyl  

					Violet-Stained hippocampal morphology of the Group I, II and  

					III. The Control group showed properly delineated dentate gyri (DG)  

					(red-arrows) and well-stained nuclei (blue arrow) and also revealed  

					more population of granule cells in the granular layer (GL). The LPS-  

					ONLY group showed poorly stained granule cells in the granular layer  

					of the dentate gyrus as well as poorly stained Nissl bodies (red arrows)  

					and cytoplasmic vacuolations (yellow-arrow) in the polymorphic layer  

					(POL) and granular layer. LPS+400 mg CELE showed characteristically  

					large pyramidal neurons with well outlined cytoarchitectural  

					appearance (red-arrows).  

					Plate 3a: Photomicrographs of  

					a

					frontal section of  

					Bielschowsky Silver stained hippocampal tissue of the Group I,  

					II and III:With Bielschowsky’s staining the hippocampus showed no  

					pathological evidence in the positive control group whereas in the LPS  

					group, there are aggregation of plaques and leukocytes (red-arrows),  

					along with the presence of neurofibrillary tangles (black-arrow). The  

					LPS+400mg CELE group showed moderate formation of plaques (red-  

					arrows).  

					Plate 3b: Photomicrographs of  

					a

					frontal section of  

					Plate 2b: Photomicrographs of a frontal section of Cresyl  

					Violet-stained hippocampus of the Group IV, V and VI: LPS +  

					600 mg CELE showed a finely organized and well delineated  

					cytoarchitectural organization with properly stained Nissl-Bodies (red  

					arrows). LPS + 800 mg CELE hippocampus showed no degenerative  

					changes with moderate astrocytes (red arrows) and well stained Nissl-  

					bodies. These pyramidal cells (PCL) are clearly expressed and properly  

					delineated in the CA1 region. The adjacent polymorphic layers (POL)  

					on either side of the cornu Ammonis (CA1) regions have cells expressed  

					with brevity. Each of the pyramidal cells (PCL) stands out distinctly  

					with other one another and have properly delineated cytoarchitectural  

					manifestation (red-arrows). LPS+DPH group showed reduced  

					degenerative changes with mild astrocyte expression (red-arrows).  

					Bielschowsky Silver stained hippocampus of the Group IV, V,  

					and VI: In the LPS+600mg CELE group, there was a mild formation of  

					plaques (red-arrows). There were no evidences of plaques and  

					leukocytes in the LPS+800mg CELE group. Finally, in the LPS+DPH  

					group, there was formation of scanty plaques (red-arrows).  

					The minimal side effects and cost-effectiveness of medicinal plants  

					have positioned them as a promising alternative to most medical  

					conditions. This study investigated the possible health benefits of  

					Colocasia leaf in managing Alzheimer-like symptoms. Changes in body  

					weight are crucial indicators of health and drug effects. As shown in  

					Table 1, in this study, compared with that in the control group, LPS  

					administration resulted in significant weight loss across the groups,  
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					while treatment with CELE and the standard drug, DPH, led to a  

					significant weight gain. Morphological studies revealed a notable  

					reduction in brain volume of mice in group II in contrast to group I.  

					However, the groups treated with CELE and DPH showed a significant  

					increase in brain volume compared to Group II, indicating potential  

					therapeutic effects in preserving brain morphology and halting  

					progression of weight loss. As represented in Table 2 of this study, the  

					positive control group (Group I) displayed typical healthy mouse  

					behavior but with a low level of walling. Group II mice exhibited  

					decreased rearing, grooming, and line crossing, indicating cognitive and  

					motor deficits, along with increased walling, suggesting heightened  

					anxiety. Groups III, IV, and V showed positive effects following  

					treatment with CELE. Similar to Group VI, the mice Group III  

					displayed significant improvement, indicating potential cognitive and  

					self-care benefits, enhanced locomotor activity, and reduced anxiety.  

					The DPH group (group VI) also showed improvements in rearing,  

					grooming, and line crossing while walling behavior remained relatively  

					high, suggesting persistent anxiety. These findings emphasized the  

					potential of CELE to improve cognitive impairment. In the Y-maze test,  

					there were no evidences of memory or cognitive deficits prior to LPS-  

					induction. Consequent to LPS administration, an appreciable reduction  

					in the frequency alternation, was observed, and this is consistent with  

					findings of Lucas on endotoxin-induced hypolocomotive activity in  

					mice.20 Post-treatment with different doses of CELE improved the  

					cognitive dysfunction, as shown in Table 3. In the elevated plus maze  

					test, Group II mice initially displayed anxiety-like behavior, as  

					evidenced by increased time spent in closed arms (Table 4). Similar to  

					those in Group VI, the CELE-treated mice showed increased time and  

					number of entries into the open arm. This finding aligns with previous  

					studies on Phyllanthus amarus, which demonstrated significant  

					anxiolytic activity in rat models.21 The findings in this study suggest  

					that CELE may have anxiolytic effects, as indicated by improved  

					behavior. In the Novel Object Recognition (NOR) task, experimental  

					mice in the Group II spend more time with the familiar object than the  

					unfamiliar one when compared with those in Group I. In contrast, mice  

					treated with CELE demonstrated increased choice for the unfamiliar  

					object, translating into an improvement in memory when contrasted to  

					mice in Group II. This result is in tandem with the report of Meng.22  

					These findings suggest that CELE has the ability to improve recognition  

					memory, making it a promising alternative in the treatment of  

					neurodegenerative diseases. In this study, Group II showed increased  

					level of malondialdehyde (MDA), and reduction in the activities of  

					antioxidant enzymes. The administration of varying doses of CELE  

					notably reduced the levels of MDA and caused an increment in the  

					activities of antioxidant enzymes correlated with those in Group II. This  

					result insinuates that CELE holds promise for alleviating oxidative  

					stress in disease conditions. In the induction model groups, AChE levels  

					significantly increased, reflecting the brain’s response to an  

					inflammatory insult. Post-treatment with CELE at varying doses  

					resulted in decreased AChE quantity compared to those in the negative  

					morphology using Bielschowsky’s stain showed no pathological  

					evidence in Group I, whereas Group II histopathological analysis  

					revealed plaques, leukocytes, and neurofibrillary tangles. Group III  

					displayed a moderate reduction in the number of senile plaques, while  

					Groups IV and V showed a mild reduction. At varying doses, CELE  

					positively impacted hippocampal morphology, reducing Alzheimer’s-  

					related changes, aligning with findings reported by Alagan and  

					colleague on memory impairment in rat models.24  

					Conclusion  

					In this study, treatment with lipopolysaccharide caused  

					neurodegenerative changes in the hippocampus of the experimental  

					mice. However, treatment with various doses of CELE alleviated these  

					effects. CELE enhanced cognition and also reduced anxiety-like  

					behavior in the mice. CELE displayed anti-inflammatory, and  

					antioxidant activities, as evidenced by the reduction in the concentration  

					of cytokines and malondialdehyde, as well as the remarkably rise in  

					antioxidant enzyme activities. It regulates acetylcholinesterase (AChE)  

					levels, induces histopathological improvements in the hippocampus,  

					and reduces Alzheimer’s disease-related changes. These findings point  

					to the potential of CELE to alleviate the clinical manifestations and  

					pathological evidences of Alzheimer’s disease. Previously identified  

					active compounds such as alkaloids, flavonoids, saponins, and vitamins  

					C and E in Colocasia esculenta formed a strong basis for the observed  

					pharmacological efficacies; hence, subsequent studies would include  

					further phytochemical analysis using gas chromatography-mass  

					spectrometry, and each compound would be put to test to unlock  

					optimal clinical applications of CELE.  
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