


Evaluation of Psidium Guajava Leaf Extract on Cognitive and Oxidative Functions in Alzheimer’s disease


ABSTRACT
[bookmark: _Hlk218249408][bookmark: _Hlk218249416][bookmark: _Hlk218249423]Alzheimer’s disease is a progressive neurodegenerative disorder characterized by cognitive decline, memory impairment, and oxidative damage. This study assessed the neuroprotective potential of Psidium guajava (guava) leaf extract in a scopolamine-induced rat model of Alzheimer’s disease. Forty-two Wistar rats were assigned to six groups: control, scopolamine-only, Donepezil (5 mg/kg), and guava extract-treated groups at 100 mg/kg and 300 mg/kg. Behavioral evaluations were carried out over 12 weeks using the navigation test (to assess spatial learning and memory) and the beam walk test (to assess motor coordination).Cognitive results revealed that scopolamine significantly impaired spatial memory and motor coordination, as shown by a 448.6% increase in navigation escape time and a 291.1% rise in beam walk time. Treatment with 100 mg/kg Psidium guajava extract improved cognitive function, reducing navigation latency by 272.9% and beam walk time by 93.0%. The 300 mg/kg dose resulted in less improvement (navigation 148.6%; beam walk 346.5%), suggesting cognitive effect at higher concentrations. Donepezil treatment produced the most favorable cognitive outcomes (Barnes maze 132.4%; beam walk 120.9%).Biomarker results showed that scopolamine induced significant oxidative damage, with a 62.5% decrease in SOD, a 16.1% reduction in CAT, and an 86.2% increase in MDA at 90 days. The 100 mg/kg guava extract dose reversed these effects, increasing SOD by 37.2%, CAT by 24.5%, and reducing MDA by 62%. In contrast, the 300 mg/kg dose showed weaker antioxidant effects, with SOD rising only 6.7%, CAT 16.7%, and MDA reducing by 13.7%. Donepezil treatment demonstrated strong antioxidant protection (CAT 143.8%, SOD 4.6%, MDA 10.3%).In conclusion, Psidium guajava extract at 100 mg/kg exhibited both cognitive enhancement and antioxidant potential in scopolamine-induced alzheimer’s disease in rats. Keywords: Psidium guajava, Alzheimer’s disease, cognitive function, Brain markers.
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INTRODUCTION
Alzheimer’s disease is a chronic, progressive, and debilitating neurodegenerative disorder characterized by cognitive impairment, memory loss, and functional decline, predominantly affecting the elderly. It is the most common cause of dementia, accounting for 60% to 80% of cases of late-life cognitive dysfunction (Satizabal, Beiser & Chouraki, 2016). As the disease advances, individuals experience severe disruption in memory, communication, orientation, and the ability to perform daily activities, ultimately becoming completely dependent on caregivers (Alzheimer’s Association, 2016). Despite decades of extensive research, there is no definitive cure for Alzheimer’s disease. Current pharmacological interventions provide only temporary symptomatic relief and do not halt or reverse disease progression (Castellani, Raj & Mark, 2010; Kosteniuk et al., 2017). With the global population aging rapidly and the number of Alzheimer’s cases projected to increase dramatically, there is an urgent need for alternative and more effective therapeutic strategies.
Natural compounds and medicinal plant extracts have gained research interest due to their antioxidant, anti-inflammatory, and neuroprotective properties (Hen et al., 2023). In particular, Psidium guajava (guava) leaf extract have demonstrated promising effects in preliminary studies. However, there is a significant lack of experimental data evaluating their specific impact on cognitive function, neurotransmitter regulation, oxidative stress markers, and motor abilities in Alzheimer’s disease models(Hen et al., 2023). This study seeks to address this gap by investigating the neuroprotective effects of Psidium guajava leaf extract in a scopolamine-induced rat model of Alzheimer’s disease.
MATERIALS AND METHODS  
Study Design 
A total of 42 healthy Wistar rats will be weighed. The animals were acclimatized for a period of two weeks. These animals were gotten from the experimental animal unit of Department of Human Physiology, Rivers State. This research study was conducted at neurolaboratory, Sport Center, University of Port Harcourt, Rivers State, Nigeria
Collection and extraction of plants 
Psiduim quajava was obtained from choba market Port Harcourt, Rivers State, Nigeria.  It was identified in the plant science and Biotechnology green house, Port Harcourt, Rivers State, Nigeria. 
Collection of animals 
The animals were obtained from the Animals house University Of Port Harcourt, Rivers State, Nigeria before been used for experiment
Drugs administration
1mg/kg of Scopolamine was obtained from simson limited pharmaceutical, India and 5 mg/kg of donepezil was obtained from niksan pharmaceutical, India. The drugs were induced into the animals’ intra peritoneal
Cognitive activities 
Cognitive and psychomotor activities was conducted using navigation, and beam walk test
· Navigation: navigation test is use to assesses spatial learning and memory. which depends on distal cues to na vigate from start location a tour puzzle which seems like a posh branching passage via which the rats is predicted to seek out a route (svaz 2021).
· Beam Walk Test (also known as the beam walking or balance beam test) is a behavioral assessment used primarily in rodent studies (such as mice and rats) to evaluate motor coordination, balance, and sensorimotor function, especially following neurological disorders such as Alzheimer's disease, Parkinson’s disease, traumatic brain injury, and stroke (Chen et al., 2023; Adeyemi et al., 2024; Gupta & Nwosu, 2025).
Procedures for determining brain biomarkers 
· The SOD assay is based on the enzyme’s ability to inhibit the reduction of nitroblue tetrazolium (NBT) by superoxide radicals generated from a xanthine–xanthine oxidase system (Bibi et al. 2023). The reduction of NBT forms a blue-colored formazan measurable at 560 nm (Bakhtiari et al. 2021). The presence of SOD reduces the intensity of the blue color, and the activity is calculated based on the percentage inhibition of absorbance. One unit of SOD is defined as the amount that inhibits NBT reduction by 50% (Jahan et al. 2022).
· MDA is a key marker of lipid peroxidation. It is typically quantified using the thiobarbituric acid reactive substances (TBARS) assay (Khan et al. 2022). In this method, MDA reacts with thiobarbituric acid (TBA) under acidic and high-temperature conditions (boiling water bath) to form a pink chromogen. The resulting MDA-TBA adduct is measured spectrophotometrically at 532 nm. The concentration of MDA is then derived from a standard curve or extinction coefficient (Alsubaie et al. (2023)
· Catalase: The catalase assay is used to measure the enzymatic breakdown of hydrogen peroxide (H₂O₂) into water and oxygen. The decomposition of H₂O₂ results in a decline in absorbance at 240 nm, which is monitored spectrophotometrically. The rate of decrease is proportional to catalase activity, expressed as units per mg of protein (Adejumo et al. 2021)
Ethnics Approval
Ethics Was Approved By the Ethics Committee with Ethics Number UPH/CEREMAD/REC/MMIII/089
Statistical Analysis 
SPPSS version 20.0 was adopted to examine  the numerical data got from the study, the result were presented as, mean plus or minus (± ) SEM. Comparison of mean values was achieved by carrying out the  analysis of variance—ANOVA, and posts Hoc tests were wont to compare the mean and p < 0.05 was considered statistically significant. Results were tabulated Tables 
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RESULTS  AND DISCUSSION 

Table 1: Pattern of Spatial Memory and Learning Using the Navigational Maze Week 1-5
	Groups/Treatment
	Week1
Time (Sec.)
	%differences 
	Week2
Time (Sec.)
	% differences
	Week3
Time (Sec.)
	% differences
	Week4
Time (Sec.)
	% differences
	Week5
Time (Sec.)
	% differences

	Group1
(control group)
	136.60±41.93
	0
	82.20±23.65
	0
	43.60±20.99
	0
	85.20±37.49
	0
	90.60±32.28
	0

	Group2 (Scopolamine only)
	172.80±32.64
	26
	213.80±5.79*
	159
	248.00±40.17
	476
	251.40±50.49
	195
	258.00±38.83
	176

	Group3
(Scopolamine &5 mg/kg Donpezil)
	202.00±55.03
	48
	292.00*#±8.00
	256
	137.40±14.39
	218
	200.00*±50.07
	135
	88.20±53.45
	-2.2

	Group4
(Scopolamine & 100 mg/kg guava)
	120.60±45.72
	1.17
	99.00±52.16#
	20
	132.20±50.61
	206
	212.20*±47.71
	149
	192.00±66.14
	113

	Group5
(Scopolamine & 300mg/kg guava)
	192.80±56.67
	41
	243.00*#±57.00
	196
	288.60*#±11.40
	569
	287.60*#±12.40
	237
	197.20±42.12
	118


Means values are statistically significant (p≤0.05) when compared to the control group























Table 2: Pattern of Spatial Memory and Learning Using the Navigational Maze Week 6 - 8

	Groups
	Week6
Time (Sec.)
	% differences
	Week7
Time (Sec.)
	% differences
	Week8
Time (Sec.)
	% differences
	Week9
Time (Sec.)
	% differences
	Week10
Time (Sec.)
	% differences

	Group1
(control group)
	192.20±66.05
	0
	188.20±11.80
	0
	155.20±44.80
	0
	171.40±28.60
	0
	126.40±45.76
	0

	Group2 (Scopolamine only)
	268.80±54.11
	39
	272.00±59.36
	44
	297.40±2.60
	91
	261.00±39.00
	52
	296.60±42.95
	134

	Group3
(Scopolamine &5 mg/kg Donpezil)
	190.00±50.23
	-1.0
	165.60±39.08
	-12
	165.40*#±50.07
	6
	178.20±46.28
	4
	154.60#±50.07
	22

	Group4
(Scopolamine & 100 mg/kg guava)
	244.80±33.88
	27
	235.40±56.26
	25
	200.00±0.00
	29
	243.80±56.20
	42
	208.40±50.03
	65

	Group5
(Scopolamine & 300mg/kg guava)
	291.60±8.40
	51
	285.40±56.26
	51
	300.00±0.00
	93
	294.80±56.20
	71
	300.00±50.03
	138


Means values are statistically significant (p≤0.05) when compared to the control group

























Table 3: Pattern of Motor coordination and Balance using Beam Walk test week 1-5
	Groups
	Week1
Time (Sec.)
	% differences
	Week2
Time (Sec.)
	% differences
	Week3
Time (Sec.)
	% differences
	Week4
Time (Sec.)
	% differences
	Week5
Time (Sec.)
	% differences

	Group1
(control group)
	133.60±6.08
	0
	66.20±3.24
	0
	37.80±5.17
	0
	60.00±6.77
	0
	68.40±6.82
	0

	Group2 (Scopolamine only)
	204.20±5.43
	53.3
	201.40±5.71
	204.5
	203.20±3.25
	448.6
	235.20±5.43
	291.6
	266.60±6.51
	291.1

	Group3
(Scopolamine &5 mg/kg Donpezil)
	26.80#±2.75
	-80.4
	51.40*#±4.60
	-22.7
	86.20#±5.96
	132.4
	65.40±5.19
	8.3
	76.00±5.26
	11.7

	Group4
(Scopolamine & 100 mg/kg guava)
	134.40±6.15
	0.75
	130.80±6.11
	91.0
	138.80±6.89
	272.9
	199.20±5.04
	231.6
	74.80±6.74
	8.8

	Group5
(Scopolamine & 300mg/kg guava)
	130.80±6.19
	-2.2
	148.60±6.58
	124.2
	92.00±5.63
	148.6
	89.40±5.23
	48.3
	74.40±3.69
	8.8






























Table 4: Pattern of Motor Coordination and Balance Using Beam Walk Test Week 8-12
	Groups 
	Week8
Time (Sec.)
	% differences
	Week9
Time (Sec.)
	% differences
	Week10
Time (Sec.)
	% differences
	Week11
Time (Sec.)
	% differences
	Week12
Time (Sec.)
	% differences

	Group1
(control group)
	38.00±5.64
	0
	31.60±6.41
	0
	43.00±0.00
	0
	24.40±4.63
	0
	25.80±8.20
	0

	Group2 (Scopolamine only)
	170.80±5.33
	347.3
	208.60±5.32
	570
	199.60±6.53
	362.7
	285.20±7.30
	1087.5
	300.00±0.0
	1100

	Group3
(Scopolamine & 5 mg/kg Donpezil)
	190.80±8.12
	400
	115.20±8.55
	270.9
	95.80*±3.62
	120.9
	300.00±0.00
	1150
	300.00±0.000
	1100

	Group4
(Scopolamine & 100 mg/kg guava)
	53.00±7.99
	39.4
	74.40±6.43
	138.7
	83.60*±5.74
	93.0
	162.00±7.13
	575
	200.80±6.34
	700

	Group5
(Scopolamine & 300mg/kg guava)
	89.80±5.93
	134.2
	184.60±7.67
	493.5
	192.20±6.21
	346.5
	189.20±8.15
	687.5
	212.60±5.69
	748


Means values are statistically significant (p≤0.05) when compared to the control group























Brains biomarkers of psiduim quavaja 
	
Groups/Treatment
	14 da ys
CAT
(u/g)

	% differences 
	90 days
CAT 
(u/g)

	%differences 
	14 Days
SOD
(u/ml)

	% differences 
	90 days
SOD
(u/ml)

	% differences 
	14 Days
MDA
(U/ml)
	%differences 
	90 days
MDA
(Ul/ml)
	% differences 

	Group1
(control group)
	2.38±0.38
	0
	1.55±0.18
	0
	0.41±0.03
	0
	0.43±0.03#
	0
	0.34±0.04
	0
	0.29±0.05#
	0

	Group2
(1mg/kg Scopolamine)
	1.95±0.13
	-  18
	1.30±0,39
	-16.1
	0.28±0.08
	-31.7
	0.18±0.04*
	-62.5
	0.49±0.05*
	44.1
	0.54±0.03*
	86.2

	Group3 
(5 mg/kg Donpezil)
	2.76±0.30
	15.9
	3.78±0.17*#
	143.8
	0.43±0.03#
	4.87
	0.45±0.14#
	4.6
	0.33±0.04#
	-2.94
	0.26±0.02#
	-10.3

	Group4
( 100 mg/kg guava)
	3.14±0.26*
	31.9
	1.93±0.15
	24.5
	0.28±0.03
	-31.7
	0.27±0.04*#
	-37.2
	0.49±0.03
	44.1
	0.47±0.02*#
	62.0

	Group5 
(300mg/kg guava)
	2.93±0.20
	23.1
	1.81±0.31
	16.7
	0.38±0.03
	-7.3
	0.40±0.03#
	-6.7
	0.42±0.05
	-79.4
	0.33±0.04#
	13.7














In the scopolamine-only group (Group 2), rats exhibited severe cognitive impairment in the Barnes maze, with escape latency increasing by 448.6% by Week 3, showing spatial memory loss. This was accompanied by marked oxidative stress, including a 62.5% reduction in SOD, 16.1% decrease in CAT, and an 86.2% increase in MDA at 90 days, indicating high oxidative damage and poor antioxidant defense.Administration of 100 mg/kg Psidium guajava extract (Group 4) moderately improved both cognition and oxidative balance. Although Barnes maze time rose by 272.9% in Week 3, it was significantly better than the untreated group. At the molecular level, CAT increased by 24.5%, SOD rose by 37.2%, and MDA decreased by 62%, showing enhanced antioxidant protection contributing to improved spatial learning.Conversely, 300 mg/kg guava extract (Group 5) led to a 148.6% increase in escape time, which, although better than the scopolamine-only group, was worse than the lower dose. Oxidative stress remained relatively high, with only 6.7% SOD improvement, 16.7% rise in CAT, and just 13.7% reduction in MDA, suggesting suboptimal neuroprotection and potential dose-related toxicity. Donepezil (Group 3) performed best overall, with only a 132.4% increase in maze time by Week 3 and strong oxidative defense marked by a 143.8% rise in CAT, 4.6% increase in SOD, and a 10.3% decrease in MDA, confirming its robust neuroprotective and antioxidant effect.
In the scopolamine-only group, spatial learning was severely impaired, with navigation time increasing by 476% by Week 3 compared to the control group, while oxidative stress markers worsened, SOD decreased by 62.5%, CAT dropped by 16.1%, and MDA increased by 86.2% at 90 days, indicating severe oxidative damage and poor cognitive performance. Treatment with 100 mg/kg Psidium guajava extract resulted in a 206% increase in navigation time by Week 3 (a sign of cognitive impairment), but it also improved oxidative balance—CAT increased by 24.5%, SOD improved by 37.2%, and MDA was reduced by 62%, suggesting that the antioxidant effect helped alleviate some cognitive decline. In contrast, 300 mg/kg guava extract led to a 569% increase in navigation time, indicating even worse cognitive performance than the lower dose, with weaker antioxidant responses, SOD rose only by 6.7%, CAT by 16.7%, and MDA decreased by just 13.7%, suggesting possible dose-dependent toxicity. Donepezil (5 mg/kg) showed strong cognitive and oxidative protection, with a 218% improvement in navigation time and biochemical improvements such as 143.8% increase in CAT, 4.6% increase in SOD, and 10.3% reduction in MDA, proving it was the most effective treatment.
CONCLUSION 
Psidium guajava extract at 100 mg/kg exhibited both cognitive enhancement and antioxidant potential in scopolamine-induced alzheimer’s disease in rats.
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