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Abstract
Objective: The aimed of this work was to assess the

campechiana fruit were evaluated by administration of

protective effect of Pouteria campechiana’s (PC) fruit

200 mg/kg, 400 mg/kg fruit ethanolic extracts and 5%

on neurological disorder and oxidative stress induced by
aluminium chloride.

and 10% of PC’s fruit powders respectively. Wistar rats
were treated for 42 days along with aluminium chloride.

Methods: Alzheimer disease were induced using 100

After treatment, Biochemical estimation of oxidative

mg/kg of AlCl3 orally twice/week during the 42 days.

stress parameter and acetylcholine activity was done in

The behavioural assessment was performed using Water

brain also, the Brain histopathological examination was

maze and eight arms maze tests. The activity of pouteria

done by microscopic observations.
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Results: Aluminium chloride treatment results in

Previous research has reported Aluminum to be

memory

while

involved in AD through the mechanism of OS. It leads

treatment with powders and ethanolic extracts of PC

to progressive deterioration of mitochondrial function

showed an improvement on reduction of this oxidative

which culminates into excessive free radical generation

stress by lower behavioural impairment, MDA content

eventually resulting in DNA damage, nitration of

and

reductive

protein residues, and lipid peroxidation [5, 6]. Fruits and

catalase,

vegetables are shown to be good sources of bioactive

Histopathological examination revealed the presence of

compounds like ascorbic acid, tocopherols, β-carotene

amyloid plaques and neurofibrillary tangles in the brain

and phenolic compounds, flavonoids that may prevent

of negative control rats. For those treated with PC’s

from oxidative damage [7]. PC is a plant generally

powders and extracts, few or no hallmarks were present.

distributed in tropical regions in the world. The edible

impairment

the

glutathione,

increased

and

of

oxidative

total

stress

proteins,

acetylcholinesterase

and

part of PC is its fruit and is used for many purposes.
Conclusions: PC’s fruit ethanolic extracts and powders

Recent studies have shown that the pulp of PC fruit is

revealed a protective effect against neurodegenerative

rich

effects of aluminum-induced Alzheimer’s disease (AD).

compounds, flavonoids, vitamin C, tannins and saponins

PC fruit may treat AD.

[8, 9]. This study was designed therefore to evaluate the

in

bioactive

components,

namely

phenolic

effect of PC’s fruit in aluminum chloride-induced

Keywords: Pouteria campechiana; Neuroprotective

Alzheimer’s disease in albino rats.

activity; Rats; Alzheimer disease; Aluminum

2. Material and Methods
Abbreviations: AD-Alzheimer disease; PC-Pouteria

2.1 Plant material

campechiana; Aβ-amyloid beta; NFT-neurofibrillary

PC fruits were collected in Mbanga in Littoral region of

tangles

Cameroon

and

sent

to

national

herbarium

for

identification. Once harvested, fruits were transported to

1. Introduction

the laboratory.

Alzheimer disease is a neurodegenerative pathology that
affects over 65 years old people. It manifests by some

2.2 Animal material

changes in behaviour, and by the appearance of some

Male and female albino rats of Wistar strain weighing

marks such as amyloid beta (Aβ) and neurofibrillary

200 to 250 g and aged 4 months, were used for the

tangles (NFT) in the brain [1]. Recent researches

experiment. They were acclimatized to the standard

estimate of about 50 millions of people diagnosed with

laboratory conditions and were fed with standard animal

AD in the world and this number would be

pellet feed ad libitum according to the protocol

approximately 132-150 million by the end of 2050, with

described by Telefo et al.

the highest prevalence in emerging countries [2]. The
commonest theory explaining causes of AD is oxidative

2.3 Extraction of plant material

stress (OS), which produces abundantly reactive oxygen

After a few days for fruits to turn ripe, they were

species (ROS). The elevated production of ROS

cleaned with tap water, peeled with an inoxidative

associated with age, reduces antioxidant defense

sterilized knife. The pulp was cut into slight pieces and

mechanism by affecting neuronal activity [3, 4].

dried up for 72 hours at 45°C. Then it was coarsely
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powdered using a blender and the powder was mixed to

2.7 Behavioural assessment

ethanol 95% for extraction of bioactive compounds. The

Behavioral assessment was carried out for Eight arms

extract obtained was conserved in the freezer for further

Maze and Water maze on day 0 and 42.

analysis.
2.8 Water maze
2.4 Determination of phenolic content

Water maze was performed according to the method

Total phenolic content (TPC) was determined using the

described by Morris with slight modifications [12]. This

Folin-Ciocalteu method as described by Singleton and

test is based on the capacity of rat to escape a stressful

Rossi [10] with some slight modifications. The total

and aversive environment. The water maze apparatus

flavonoid

using

was 60 cm length and 180 cm width and filled with cold

aluminum chloride method as described by Liu et al.

water at the 2/3. A platform was placed at the center of

[11].

the apparatus at 1 cm below the surface of water, and

content

(TFC)

was

determined

was invisible by the rat. The memory activity was based
2.5 Determination of extracts Antioxidant activities

on time spent by the animal to find the platform. When

DPPH radical scavenging activity was determined

the animal spent more than 60s to find it, it was directed

according to the method described by Mensor et al.;

by the experimenter [13].

Ferric reducing antioxidant power was done by the
method described by Hubert, and hydroxyl radical

2.9 Elevated plus maze

scavenging activity by the method described by

The elevated plus maze consisted of eight opposite

Nagulendran et al.

closed arms length of 50 cm each, connected to a central
square of dimensions 10 × 10 cm. Animals were

2.6 Allotment of animals

submitted on fasting for 24 hours before the experiment

Wistar rats were randomly divided into seven groups of

starts. Four arms of maze contained food (reward). Rats

six (3 males and 3 females). Group I served as normal

were placed individually at the central square.

control and received a normal diet (GC). Group II

Behavioural assessment was done based on time spent

served as negative control and received normal pellet

by the animal to move from the central square to the

feed, with a solution of AlCl3 (G(-)). Group III received

eight closed arms (working memory), and on the

pellet formulated with 5% of PC’s powder (GP1).

number of arms containing food visited (reference

Group IV received pellet formulated with 10% of PC’s

memory). This was done on day 0 and day 42 [14].

powder (GP2). Group V served as positive control and
received normal pellet and vitamin C 200 mg/kg bw

2.10 Biochemical assessment

(G(+)). Group VI was administered normal pellet feed

24 hours after the last administration, animals were

and PC’s ethanolic extract 200 mg/kg bw (GE1). Group

sacrificed under chloroform vapour. The brains were

VII was administered normal pellet feed and PC’s

removed, weighed and kept in a freezer. A 10% (w/v)

ethanolic extract 400 mg/kg bw (GE2). Every group

brain tissue homogenate was prepared in 0.1 M

was induced by a solution of AlCl3 100mg/kg bw

phosphate buffer (pH 7.4) and centrifuged at 3500 × g

twice/week except group I. The experiment was

for 15 minutes at 4°C. The homogenate obtained was

conducted in 6 weeks.

used for the assessment of biochemical parameters [15]
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such as acetylcholinesterase (AchE) (total protein,

(day 0), all the rats had significantly the same capacity

MDA, catalase, and reductive glutathione.

of exploring the eight arms of the apparatus and of
targeting arms containing food when submitted under

2.11 Histopathological examination

fasting conditions. On the last day (42nd day), the

0.5 g of brain tissue was cut at the hippocampus region

working memory and reference memory differed

and immerged in formalin 10% for 72 hrs. The brains

significantly in all the groups. The negative control had

were washed in tap water and then dehydrated using

the lowest memory capacity and the group administered

serial dilutions of alcohol. Specimens were cleared in

with 400 mg/kg PC’s ethanolic extract the highest

xylene and embedded in paraffin in a hot air oven at

(Table 1).

56°C for 24 hrs. Paraffin beeswax blocks were prepared
for sectioning at 4 mm using a microtome. The obtained

3.2 Biochemical parameters

tissue

slide

3.2.1 Total proteins: Assessment of total proteins

deparaffinized, stained with hematoxylin and eosin

content in the different groups showed that, negative

stains for histopathological examination using a light

control group had the lowest proteins content that was

microscope [16].

significantly different from that of groups treated with

sections

were

collected

on

glass

PC’s powders and extracts as illustrated in Table 2.
2.12 Statistical analysis
The data were expressed as mean ± standard error mean

3.2.2 MDA: MDA content varied significantly in

(SEM) and were analyzed by One-way Analysis of

groups of rats. The negative control showed the highest

variance (ANOVA) followed by Duncan test. The value

content in MDA while the group treated with PC’s

of p<0.05 was considered statistically significant. Data

extract 400 mg/kg bw had the lowest content as shown

were analyzed using Statistical Package for the Social

in Table 2.

Sciences (SPSS) software 22.0.
3.2.3 Reductive glutathione: Glutathione content was

3. Results

significantly different in the different groups of rats.

3.1 Behavioral parameters

The groups treated with PC’s powders 100 mg/100g and

3.1.1 Water maze: On day 0, there was no significant

PC’s ethanol extract 400 mg/kg have the highest content

difference between the different groups of rats at

and the lowest content was observed in the group that

p=0.05. All the rats spent almost the same time to find

was administered only AlCl3 (Table 2).

the platform. The capacity of memorization was the
same in rats. As the experiment went on till the 42 nd

3.2.4 Catalase activity: Activity of catalase was

day, there was a significant difference between (p<0.05)

significantly higher in groups treated with PC’s powders

the +groups of rats. Those that were administered only

and extracts compared to that of group which was

AlCl3 took more time to find the platform. On the other

administered

hand, rats that were administered PC’s powder 5 g/100g

However, it was highest in group treated with PC’s

and 10 g/100g were the fastest as shown in Table 1.

powders 100 mg/100g (Table 2).

3.1.2 Elevated plus maze: The working memory and

3.2.5 Acetylcholinesterase activity: AChE activity was

the reference memory were assessed. At the initial day

significantly different in all the groups of rats. The
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lowest activity was observed in rats administered only

such as amyloid plaque and neurofibrillary tangles in

with AlCl3, and the highest activity in rats treated with

negative control group. Tissue brain of rats that were

PC’s powders 10 g/100g and with PC’s ethanol extract

treated by PC’s powders and extracts were more or less

400 mg/kg bw (Table 2).

similar to that of normal control groups, with some
areas of cell degeneration as shown in Figures 1, 2 and

3.3 Brain histopathological examination
The histological examination of the brain of rats

3.

revealed the presence of some pathological hallmarks
Groups

Water maze

Elevated plus maze (day 42)

Day 0 (s)

Dat 42 (s)

WM

RM

GC

20 ± 0.9

20.5 ± 3.90a

1.88 ± 0.40d

0.74 ± 0.16c

G(-)

18 ± 1.6

36.66 ± 5.68d

0.76 ± 0.26a

0.2 ± 0.0a

GP1

21 ± 1.78

22.33 ± 3.78ab

1.4 ± 0.2bc

0.32 ± 0.18ab

GP2

19 ± 0.72

22 ± 6.72b

1.01 ± 0.14b

0.46 ± 0.15b

G(+)

20 ± 0.78

19.5 ± 2.78a

0.86 ± 0.05ab

0.33 ± 0.05ab

GE1

21 ± 1.73

30.33 ± 8.73c

1.21 ± 0.02bc

0.4 ± 0.0b

GE2

20.5 ± 1.13

28.33 ± 5.13c

1.5 ± 0.1c

0.4 ± 0.05b

Group I served as normal control and received normal diet (GC). Group II served as negative control and received
normal pellet feed, with a solution of AlCl3 (G(-)). Group III received pellet formulated with 5% of PC’s powder
(GP1). Group IV received pellet formulated with 10% of PC’s powder (GP2). Group V served as positive control
and received normal pellet and vitamin C 200 mg/kg bw (G(+)). Group VI was administered normal pellet feed and
PC’s ethanolic extract 200 mg/kg bw (GE1). Group VII was administered normal pellet feed and PC’s ethanolic
extract 400 mg/kg bw (GE2). Values with different letters are significantly different at P<0.05
Table 1: Assessment of memory using water maze and elevated plus maze.
Groups

Proteins (nm)

MDA (mM) 10-3

Glutathione (nm)

Cat (H2O2/min/mg

AChE (DO/min/g

protein)

protein

GC

179.83 ± 3.01c

4.47 ± 0.099a

550.16 ± 52.32bc

2.28 ± 0.67cd

463.07 ± 5.74d

G(-)

153.16 ± 18.90a

4.8 ± 0.095c

289.33 ± 38.60a

0, 53 ± 0.40a

65.20 ± 18.45a

GP1

173.16 ± 11.77bc

4.55 ± 0.124ab

567.66 ± 15.82bc

1.32 ± 0.50b

93.63 ± 3.81a

GP2

170.33 ± 21.07b

4.72 ± 0.60bc

638.75 ± 112.30c

1.60 ± 0.24bc

278.26 ± 55.47c

G(+)

154.83 ± 5.34a

4.63 ± 0.77b

526.83 ± 116.79b

1.99 ± 0.47c

207.44 ± 22.36bc

GE1

162.08 ± 1.70ab

4.55 ± 0.74ab

509.33 ± 69.54b

1.06 ± 0.33ab

183.55 ± 45.37b

GE2

186.33 ± 7.58cd

4.48 ± 0.25a

600.83 ± 40.56c

1.19 ± 0.61ab

254.35 ± 47.03c

Group I served as normal control and received normal diet (GC). Group II served as negative control and received
normal pellet feed, with a solution of AlCl3 (G(-)). Group III received pellet formulated with 5% of PC’s powder
(GP1). Group IV received pellet formulated with 10% of PC’s powder (GP2).
Table 2: Assessment of biochemical parameters.
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Figure 1: (1) Hippocampus image of normal control rats (that were administered a normal chlorine solution 0.9%)
with black arrows showing normal neurons; (2) Hippocampus image of positive control rats (that were administered
AlCl3 100 mg/kg + vitamin C 200 mg/kg) showing a structure similar to that of normal control group; (3)
Hippocampus image of negative control rats (that were administered only AlCl 3 100 mg/kg) with white arrows
showing neurofibrillary tangles and black arrows amyloid plaques.

Figure 2: (1) Hippocampus images of rats treated with PC’s powders 5 g/100g; (2) Hippocampus images of rats
treated with PC’s powders 10g/100g (more or less similar to that of normal control).

Figure 3: (1) Hippocampus images of rats treated with PC’s extracts 200 mg/kg bw. (2) Hippocampus images of
rats treated with PC’s extracts 400 mg/kg bw (more similar to that of normal control).

Journal of Food Science and Nutrition Research

88

J Food Sci Nutr Res 2020; 3 (2): 083-091

DOI: 10.26502/jfsnr.2642-11000040

4. Discussion

proteins, catalase, glutathione and AChE activities.

The evaluation of neuroprotective effect of PC’s fruit

Meanwhile, the administration of PC’s fruit powders

on aluminum-induced AD was investigated. For this

and extracts after aluminum chloride to rats increased

purpose, powders and ethanol extracts of PC were made

the concentration in total proteins, catalase, glutathione

based on the fact that the PC fruit contains bioactive

and AChE. This might be attributed to bioactive

compounds like polyphenols and flavonoids that might

compounds like phenolic compounds, flavonoids and

have protective effects on AD [17]. The general

vitamin C that contained PC’s fruit. One mechanism

observation made in this study is that the administration

that uses Al to act is by degrading biological molecules

of AlCl3 without any treatment led to cognitive

like proteins [19]. This might explain the high reduction

impairment in rats and those that were treated with PC’s

in proteins in negative control groups compared to the

fruit had a memory capacity similar to that of normal

treated ones. The significant increase in glutathione in

control rats. Al is a heavy metal that has been proven by

treated groups compared to non-treated, was probably

several review to be involved in neurodegenerative

due to the fact that Al inhibited gammaglutamyl

processes through OS, reason why it is used as a model

synthase, which is an important enzyme involved in OS

of induction AD which is the most common

by catalyzing the production of glutathione. AChE is

neurodegenerative disease [18].

known to be one of the most important biomarkers
involved in AD. Its level usually slows down in cases of

Assessment of memory through water maze and

constant destruction in OS conditions, leading to

elevated plus maze revealed cognitive impairment in

cognitive impairment [6]. This might explain why the

negative control rats. Constant exposition to high

negative control group showed a lower AChE activity

concentrations in Al may trigger the generation of free

than the treated groups.

radicals in the brain that may destroy neurons and lead
to neurological deficit [6]. Rats treated with PC’s fruit

Microscopic observations of hippocampus tissues

powders and extracts instead, cognitive impairment was

revealed some neurodegenerative markers such as

not observed because of the fact that PC’s fruit

amyloid plaques and NFT in negative control rats as

contained

may

compared to groups treated with fruit whose brains were

counteract the neurodegenerative action of Al [17].

similar to those of normal control group. As Al

Biochemical analysis of brain homogenates revealed a

accumulates into the brain, it triggers brain cell death

remarkable increase in MDA in the negative control

with deposition of senile markers [16].

some

bioactive

compounds

that

group, contrary to groups treated with powders and
extracts of PC’s fruit. Excess of Al in the brain may

5. Conclusion

cause oxidation of polyunsaturated fatty acids followed

This work was aimed at assessing effect of PC’s fruit on

by the generation of final products like MDA [18].

a model of aluminum-chloride induced AD. From our
findings, it was observed that constant administration of

In the groups treated by PC’s fruit powders and extracts,

AlCl3 in rats led to cognitive impairment. Meanwhile,

the lower amount of MDA produced compared to the

oral administration of powders and ethanol extracts of

non-treated was probably due to the protective action of

PC’s fruit to rats coupled to AlCl3 showed a reduction in

fruit bioactive compounds mainly phenolic compounds.

cognitive impairment. The treated groups GP2 and GE2

Administration of AlCl3 to rats markedly reduced total

showed the best neuroprotective effect than GP1 and
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GE1 and this was probably due to higher concentration

7.

Drewnowski A, Gomez-Carneros C. Bitter

of bioactive compounds. PC’s fruit in both forms

taste, phytonutrients, and the consumer: a

(powder and extract) has a neuroprotective effect on AD

review. The American journal of clinical

with the best activity in the range of 10g of

nutrition 72 (2000): 1424-1435.

powder/100g of food and 400 mg of ethanol extract/kg

8.

Silva CAM, Simeoni LA, Silveira D. Genus

bw. Further investigation on use of PC’s fruit in food

Pouteria: Chemistry and biological activity.

formulation as a mean of prevention of AD might help

Brazilian Journal of Pharmacology 19 (2009):

to understand its clear mechanism of action.

501-509.
9.
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