Kengne et al. Investigational Medicinal Chemistry and Pharmacology 2019 2(1):27

Investigational
Medicinal Chemistry & Pharmacology

Protective effect of ethanolic extract and raw juice of
Solanum betaceum on aluminum induced oxidative stress
and associated memory deficits in rats

Anne P.N. Kengne 2, Rodrigue Tidjong®, Dieudonné Kuate'?, Hermine T. Doungue®, Prosper
N.Takam? and Inelle Makamwé?

Abstract

Background: Oxidative stress is known to contribute to the mechanisms underpinning the pathogenesis of neurodegenerative diseases.
Previous studies have identified the presence of flavonoids as the major constituents of Solanum betaceum (SB) with antioxidant activity. This
work aims at investigating the protective effect of ethanolic extract and raw juice of Solanum betaceum (SB) on aluminum induced oxidative
stress and associated memory deficits in Wistar rats.

Methods: Memory impairment was induced by aluminum chloride (4.2 mg/kg, i.p.) for 28 days. Memory function was assessed by Morris water
maze test and the radial labyrinth tests.

SB raw juice (5 mL/kg, p.o.) and ethanolic extracts (200 and 400 mg/kg, p.o) were administered to rats for 28 days along with aluminum chloride.
Biochemical parameters of oxidative stress (malondialdehyde) and antioxydants (total protein, catalase activity, glutathione) were estimated in
brain homogenate after the treatment.

Results: The results of this study showed that aluminum altered memory function and oxidative stress. SB ethanolic extract and raw juice
showed a significant (p< 0.05) improvement in memory dysfunction and oxidative stress by decreasing the time spent in the baited arm and the
latency, reducing the malondialdehyde levels (p< 0.05) and enhancing the total protein (p< 0.05), glutathion levels and catalase activity (p< 0.05)
compare to negative control group .

Conclusion: The present study clearly demonstrated the beneficial effects of SB ethanolic extract and raw juice which reduced oxidative
stress and memory dysfunction in rats, indicating that it may be used in neurodegenerative disease prevention and management
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Background

Oxidative stress is induced by an imbalanced redox states,
involving either excessive generation of reactive oxygen species
(ROS) or dysfunction of the antioxidant system. The brain is one of
organs especially vulnerable to the effects of ROS because of its
high oxygen demand and its abundance of peroxidation-
susceptible lipid cells. Previous studies have demonstrated that
oxidative stress plays a central role in a common pathophysiology
of neurodegenerative diseases such as Alzheimer's disease and
Parkinson's disease [1]. Aluminium (Al) contributes to neuronal
oxidative stress, by generating reactive oxygen species (ROS),
which cause damage to various proteins, DNA and membrane
lipids [2]. Al is the most common neurotoxicant [3] , and the
evidences about its implication in developing Alzheimer's disease
are getting increased [4] . It was also found that this trivalent cation
can participate as a factor in the development of neural tube
defects in human. Many studies showed that there were
neuropathological, neurobehavioral, neurophysical and
neurochemical changes after Aluminium exposure [5] . Aluminium
(Al) is the most abundant metal present on the earth's crust. It is
extensively used in daily life and was found in drinking water
probably due to water purification procedures [6]. The new 20th
century industrial products containing aluminium salts like
antiperspirants are another source of exposure; vaccines
adjuvants, phosphate binders, dialysis, total parenteral nutrition
solutions and foods provide easy exposure of Al to human being [7]

To protect against the deleterious effects of radical
oxygen species (ROS), the body has a complex set of antioxidant
defenses. In fact, antioxidants represent all molecules that can
directly inhibit production, limit the spread or destroy active oxygen
species [8]. Natural products derived from diets are known to
exhibit a variety of biological effects including antioxidant [9]
Several studies have been conducted to prove the existence of a
relationship between the prevention of neurodegenerative diseases
and some foods . In France, large study was conducted on 3777
men and women over 65 ages to show that an average
consumption of flavonoids (antioxidants) of 14.4 mg/day (mainly
from fruits and vegetables) leads to a significant reduction in the
risk of dementia [10] .

These observations prompt us to focus on the fruit
Solanum betaceum commonly called tree tomato whose phenolic
content and antioxydant activity of fruit extract have been show
by Asih et al. [11] . The present study was designed to evaluate the
protective effect of Solanum betaceum against aluminum chloride
(AICIl3) induced neurochemical alterations and memory deficits in
rats and associated oxidative biochemical markers.

Methods

Animals

3-months Wistar rats weighing between 200 and 230 g were
obtained from the Department Animal Centre and allowed to be
accustomed to the new environment for 1 week. They were
maintained in accordance with the guidelines of the OECD [12].
The animals were individually house under controlled temperature
(25 °C) and lighting (12-h light/12-h dark cycle) and had free
access to water and diet. They were fed ad libitum a staple diet as
formulated by Telefo [13]. The animal housing and handling were
in accordance with Committee for the Purpose of Control and
Supervision of Experiments on Animals guidelines. All experiments
were carried out according to the regulations and ethical approval
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of the Experimental Animal Welfare and Ethics Committee of the
Institution (No. 2017/056)

Aluminum chloride

Aluminum chloride was purchased from local chemical suppliers for
the induction of the oxidative stress.

Plant material

Solanum betaceum fruits were purchased from a local market in
the west region of Cameroon identified with the national herbarium
under the number 34728 / HNC and transported to the laboratory.

Preparation of Solanum betaceum raw juice

The fruits were washed, opened with a knife and then crushed to
obtain a paste before pouring into a colander in a container and
further stirred to recover the raw juice.

Preparation of fruit extracts

The freshly harvested fruit was washed, cut and allowed to dry in
its entirety (including all parts) in an oven at 45°C with ventilation.
When dry, it is finely ground with a grinder and powder obtained
were used for extraction. The extraction with solvents (aqueous,
ethanolic and hydroethanolic) was carried out according to the
method described by Igbal and Bhanger [14]. Aqueous, ethanolic,
and hydroethanolic (20/80) extracts were obtained by soaking 20
grammes of Solanum betaceum fruits powder in 600 milliliter of
corresponding solvent ( water, ethanol, and hydroethanolic mixture
) for 24 h with gentle stirring, after which the mixtures were fil-tered
using a Whatman No. 4 filter paper. The resulting filtrates were
dried at 45 °C using an air oven to obtain the respective extracts.

Determination of total phenol and flavonoids content of fruits
extract

Total phenol levels of the various extracts were determined by the
spectrophotometric method using the Folin-Ciocalteu reagent as
described by Dohou et al. [15]. The content of flavonoids was
determined according to the method described by Bahorun et al.
[16]

Evaluation of in-vitro antioxidant activity

The antioxidant activity of the various extracts was evaluated using
DPPH (2,2-diphenyl-1-picrylhydrazyl), as described by [17].

The ability of the extracts tested to reduce ferric iron (Fe3 +)
present in the K3Fe (CN) 6 complex to ferrous iron (Fe2 +) was
determined as described [18, 19]. The ability to inhibit the hydroxyl
radical was carried as described [20] .

Induction of neurotoxicity and experimental protocol

Albino Wistar rats were selected. Aluminum chloride was
dissolved in water and injected to rats through intraperitonial route
at a dose of 4.2 mg/kg body weight . Aluminum chloride was given
for 28 days along with ethanolic extract and raw juice of Solanum
Betaceum fruit.

Six groups of six animals each were used. AICl; (4.2 mg/kg/ip) was
administered daily to all groups except the normal animal group .
The dose of AICI; was selected on the basis of the literature reports
[21]. Solanum betaceum ethanolic extract (200, and 400 mg/kg
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body weight ) and raw juice (5ml /kg body weight ) was
administered daily through oral route to different groups of rats for
28 consecutive days. Otherwise, positive control group received
200 mg vitamine C per Kg body weight and negative control group
received no treatment during the administration of aluminum
chloride.

Assessment of cognitive performance

The memory was evaluated using radial eight-arm maze (RAM)
[22, 23] and the Morris water maze (MWM) . From the first to fourth
day after 30 minutes of administration of AICI3 the rats were
exposed to pre-training session using RAM and the Morris water
maze (MWM). From the 6th to 10th day after 30 minutes of
administration of Al, the rats were exposed to training session
using RAM and the Morris water maze (MWM). On the 28 st day,
retention of the learned task (memory) was recorded.

Biochemical assessment

After 28 days of treatment, animals were sacrificed under
anesthesia using steam chloroform. Immediately after brain were
removed carefully and homogenized in ice-cold phosphate buffer
pH 7. The brain homogenate were centrifuged at 800xg for 5 min
at 4 °C to remove the nuclear debris. The supernatant was used for
estimation of malondialdehyde (MDA), total protein (TP), glutathion
level GSH) and catalase activity (CAT).

Statistical analysis

Statistical analysis was performed using SPSS program version
21. In vitro experiments were performed in triplicate. Results were
expressed as meant standard deviation (SD). One-way analysis of
variance (ANOVA) with Bonferroni test used for statistical analysis
of the mean difference among groups. The post hoc Tukey helped
highlighting the significant differences between the threshold
averages. Differences were considered significant at P< 0.05 (at
95% confidence interval

Results and Discussion

Phenolic content of Solanum betaceum extracts

The ethanol extract had the highest phenol value (96.81 + 3.84 mg
gallic acid equivalent / g extract), and flavonoid value (15.67 + 1.37
mg catechin equivalent / g extract) (Table 1)

In vitro antioxidant activities

In-vitro antioxidant analysis using DPPH method revealed that
free radical scavenging was observed with all extracts but the
significantly highest results were obtained using ethanolic extract
(Figure 1). Figure 2 shows the evolution of the reducing power of
different extracts of Solanum betaceum at different concentrations
compared to that of vitamin C. The reducing power of ethanolic
extract was greater than those of the hydroethanolic and aqueous
extracts at 56.8 ug/ml. The ability to trap the hydroxyl radical of all
extracts of Solanum betaceum is relatively low and does not differ
significantly from one extract to another (Figure 3). The antioxidant
activity of Solanum betaceum by scavenging free radical ,
hydroxyl radical and ion reducing power in vitro. The reducing
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power of Solanum betaceum is link to hydroxyl group in phenolic
compounds such as flavonoids . The increase in the amount of
ferrous ion would reflect an increase in the reducing power of the
extract. Therefore, antioxidants are considered oxidative reducers
and inactivators [24]. It is important to maintain a balance between
antioxidants and oxidants in living organisms, and increased intake
of dietary antioxidants may help in maintaining an adequate
antioxidant status.

Effect of Solanum betaceum ethanolic fruits extract and raw juice
on aluminum spatial memory deficits

In the present study, administration of aluminum chloride to the
control group resulted in a significant decrease in the average time
spent in the correct (baited) arms during acquisition trials as
compared to the normal group. This result shows a significant
lack in the learning ability and memory development in the AICI;
treated group as compared to the normal group. Aluminium is well
known to accumulate in brain tissue. Hippocampus, which is the
site of memory and learning, is majorly affected, resulting in
learning impairment [25]. Administration of Solanum betaceum
ethanolic fruits extracts at doses of 200 and 400 mg/kg and raw
juice resulted in a significant increase in the average time spent in
the correct (baited) arms during acquisition trials as compared to
the AICI; treated group (Figure 4) indicating improvement in the
learning ability and memory development under the influence of
fruit extracts and raw juice. The best average time was obtained
with raw juice followed by 200 mg/Kg extract means that raw juice
consumption is the best way to prevent memory decifit.

Aluminium chloride treated animals showed an increase
in escape latency during the training for spatial navigation task.
From the results obtained, Figure 5 explains that there was a
significant difference in the mean escape latency period of
aluminium treated group when compared to the control group. The
performances are analyzed in terms of average of the 4 tests. The
analysis of the behavioral data confirms the existence of a
reference memory deficit in rats treated with AICl; compared to
untreated. The AICI; treatment generates a disturbance of the
acquisition and the rats treated with Solanum betaceum fruit
extracts and raw juice improved the memory capacities that can
be noted by a reduction of the latency

The significant decrease in the time spent in the
baited arm clearly indicate impairment of learning ability. This
findings are in concordance with previously documented effects of
Al on neuroinflammation and associated spatial memory
impairment [26] . In Morris water maze, aluminum exposure was
associated with decrease spatial memory and this was evidenced
by the results. Oxidative stress caused by the formation of reactive
oxygen species, such as hydrogen peroxide, superoxide radical
(O%). The free radical production caused cell damage by damaging
the DNA, cytosolic and membrane bound macromolecules. Free
radicals have been linked to neurodegeneration and cognitive
decline [27]. Accumulation of ROS in the brain has been reported
to severely attenuate the neuronal functions forming a valid reason
for cognitive impairment [28] . Moreover, oxidative stress severely
overburdens the antioxidant defense system of the brain [29] ,
which further induces neurodegeneration and ultimately, memory
impairment.

Effect of Solanum betaceum fruit extract and raw juice on
aluminum chloride-induced changes in brain tissue biochemical
levels



Kengne et al. Investigational Medicinal Chemistry and Pharmacology 2019 2(1):27 Page 4 of 8

Al is considered as an etiological factor in a range of
neurodegenerative disorders [30] there was a significant increase
in the brain tissue malondialdehydes levels in the negative control
group as compared to the normal group indicating a significant
increase in the generation of free radicals in the brain tissue in the
AICI; treated group. Administration of ethanolic extract of
Solanum betaceum fruit and raw juice at doses of 200 and 400
mg/kg resulted in a significant decrease in brain homogenate with
the best activity by raw juice (Figure 6). According to total protein
we found that stress induction resulted in a significant (P <0.05)
decrease in brain protein level of negative control group compare
to ethanolic and raw juice treated rats (Figure 7). Stress induction
resulted in a significant (P <0.05) decrease in brain catalase
activity. Administration of vitamin C, different doses of extract and
raw juice resulted in a significant (P <0.05) increase in brain
homogenate catalase activity in all groups compared to negative
control group (Figure 8). Solanum betaceum is an excellent source
of minerals like calcium, cobalt, iron, phosphorus, potassium,
sulfur, zinc, antioxidant vitamins such as A, B, C, E and antioxidant
. Brain tissue glutathione levels increased significantly (P <0.05)
in  vitamin C treated group, and ethanolic extracts compared to
negative control group (Figure 9). The phenolic coumpounds
present in Solanum betaceum helps rid of free radicals thus
improving memory. Ethanolic extracts and raw juice containing
antioxidant properties is anticipated to exert neuroprotective effects
via the regulation of cellular homeostasis and increase the self-
defense to oxidative stress [31].

In vitro free radical scavenging
potential Solanum betaceum
extracts
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Figure 1. Evolution of the antiradical activity of Solanum betaceum
extracts at different concentrations compared to vitamin C. AE:
aqueous extract; HEE: hydroethanolic extract; EE: ethanolic
extract; VIT C: vitamin C
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Figure 2. Evolution of reducing power of Solanum betaceum
extracts compared to vitamin C. AE: aqueous extract; HEE:

hydroethanolic extract; EE: ethanolic extract; VIT C: vitamin C.
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Figure 3. Evolution of hydroxyl radical inhibition capacity of
Solanum betaceum extracts at different concentrations compared
to vitamin C. AE: aqueous extract; HEE: hydroethanolic extract;
EE: ethanolic extract; VIT C: vitamin C
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effect of Solanum betaceum ethanolic extract and raw juice treatment on average time spent in
baited arm in acquisition trails
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Figure 4. Changes in average time spent in baited arm (seconds) during acquisition trials of the normal, AICl; extract and raw juice treated
groups. Values with different letters differ significantly at P <0.05.

Effect of solanum betaceum ethanolic fruits extracts and raw juice on nootropic effect in terms
of latency period (seconds)
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Figure 5. Effect of Solanum betaceum fruit extracts and raw juice on nootropic effect in terms of latency period (seconds)
Values with different letters differ significantly at P <0.05.
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Figure 6. Effect of Solanum betaceum fruit extracts and raw juice on MDA brain homogenate. Values with different letters differ significantly at P
<0.05
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Effect of ethanolic fruit extract and raw juice on brain homogenate total protein
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Figure 7. Effect of Solanum betaceum fruit extracts and raw juice on brain homogenate total protein. Values with different letters differ

significantly at P <0.05

Effect of solanum betaceum ethanolic extract and raw juice treatment on
brain catalase level
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Figure 8. Changes in brain homogenate catalase levels of the normal, AICI3, extract and raw juice treated groups. Values with different letters

differ significantly at P <0.05.

Effect of ethanolic Solanum betaceum fruit extract and raw juice on brain tissue

GSH level
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Figure 9. Changes in brain homogenate GSH levels of the normal, AICI3 extract and raw juice treated-groups. Values with different letters differ

significantly at P <0.05
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Table 1. Total phenolic and flavonoids content of Solanum
betaceum extracts

Extracts Total phenolic flavonoid (mg
(mg GAE/lg of CATE/g of
extract) content extract) content

Hydroethanolic 32.27+ 4.36% 3.76+ 1.32%

(HEE)

Aqueous (AE) 40.45+1.9° 7.52 +2.65°

Ethanolic (EE) 96.81+3.84° 15.67+ 1.37"

GAE: gallic acid equivalent CATE: Catechin equivalent; Values
with different letters differ significantly at P <0.05

Conclusions

In conclusion, our study demonstrated that aluminum exposure
was associated with impaired memory and cognitive functions in
Wistar rats. Such situation was reversed by ethanolic Solanum
betaceum fruit extract and raw juice. The results suggested that
Solanum betaceum may have preventive and/or therapeutic
potential in the management of aluminium induced oxidative stress.
Raw juice of Solanum betaceum can be use as functional food for
preventive aluminum induced oxidative stress and flavonoids from
Solanum betaceum should be tested on aluminum induced
oxidative stress
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