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Abstract

This work aims to evaluate the antioxidant and protective effect of Raphia
hookeri (Rh) fruit extracts and powders against aluminum induced neuro-
toxicity in rats. Extracts and powder were prepared using fruit mesocarp.
Phytochemical contents (phenolic content and flavonoid) and antioxidant in
vitro activity were evaluated through the DPPH radical scavenging capacity,
the ability to reduce ferric ion and Hydroxyl radical scavenging ability. The
neurocognitive dysfunction, the activity of acetylcholinesterase (AChE) and
activities of antioxidant in vivo indices were evaluated in the plasma, liver
and brain of aluminum chloride (AICl;) induced neurotoxicity in rats. The
highest total phenolic (76.34 mg Eq AG/g of extract), flavonoids’ contents
(13.32 mg Eq CAT/g of extract), the best DPPH scavenging activity and the
ability to reduce ferric ion (Fe’) were obtained with aqueous extract. The
administration of aqueous extract (200 and 400 g/kg bw) and powder (5%
and 10 %) during 28 days resulted in a significant decrease (P < 0.05) of the
time use to find platform and the increase of the acquisition speed of food in
rats. Also the evaluation of some biochemical parameters shows the decrease
of malondialdehyde, nitric oxide and acetylcholine esterase activity and the
increase of total protein level, catalase activities (CAT), superoxide dismutase
(SOD) and glutathione level in plasma, liver and brain compared to the posi-
tive control group (PC). The best activities were obtained with groups
ARh400 and Rh10%. Treatment with aqueous extract and powder of Rh me-
socarp ameliorated neurobehavioral changes by enhancing antioxidant activi-
ties, cognitive functions. Therefore RA would protect oxidative damage and
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preserve neurone functions.
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1. Introduction

Aerobic cellular metabolism continuously produces reactive oxygen species
(ROS) with concomitant potential for mutagenic and oncogenic effects. The
imbalance between ROS and antioxidants induces oxidative stress. This oxida-
tive stress is implicated in several degenerative disorders such as: pathogenesis in
inflammatory, partial ischemia, metabolic and denatured cranial nerve disease
[1]. The increase and the oldness of the population are concomitant for the in-
cidence of age-related diseases such as neurodegeneration [2]. Brain tissues are
also highly susceptible to oxidative damage, probably because of its high oxygen
consumption rate (20%), the presence of abundant polyunsaturated fatty acids in
cell membranes, high iron (Fe) content, and low enzymatic antioxidants’ activi-
ties [3]. Aluminum is one of the well-known environmental heavy metal agents
that affect the brain development, it can induce oxidative damage through mul-
tiple mechanisms such as binding to negative charged brain phospholipids,
which contain polyunsaturated fatty acids and are easily attacked by reactive
oxygen species (ROS) [4]. Aluminum has the potential to be neurotoxic in hu-
mans and animals, and is present in many manufactured foods and medicines
[5].

Central nervous system cells are able to combat oxidative stress using some
limited resources: vitamins, bioactive molecules, lipoic acid, antioxidant en-
zymes and redox sensitive protein transcriptional factors [2]. However, this de-
fense system can be activated/modulated by nutritional antioxidants such as po-
lyphenols [3]. Epidemiological evidence indicates that antioxidant supplementa-
tion may provide neuroprotection against age-related neurodegenerative dis-
orders [6]. Flavonoids have been reported to have substantial neuroprotective
activity [3]. These effects have been attributed to their general free radical trap-
ping capacity, antioxidant activity on neurons, but they also intervene in mul-
tiple biological processes, such as iron chelation, activation of survival genes, cell
signaling pathways and regulation of mitochondrial function [1] [2].

These observations prompted us to focus on Raphia hookeri (Rh) which is the
largest palm tree in Africa and is commonly found in the tropical rainforest [7].
All the parts of this plant are largely used. The sap from the stem ferments ra-
pidly into palm wine and the raw fruit is sometimes used to flavor food. In Nige-
ria boiled fruits are eaten and the oily mesocarp is used in traditional medicine
for its laxative and stomachal properties [8]. The mesocarp of RA is rich in bio-

active compounds such as vitamin E, niacin, alkaloid, saponins, flavonoid and
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phenols [5]. However, the neuroprotective effects of RA fruit are not well known.
Bioactive compounds contained in RA fruit may also have some neuroprotective
effects. This leads us to evaluate antioxidant and neuroprotective properties of
Raphia hookeri powder and aqueous extract in a model of Aluminum chloride

inducing neurotoxicity by using rats.

2. Methods
2.1. Plant Material

Fresh mature Raphia hookeri fruits were harvested from swampy field of the

West region of Cameroon from April to June 2018.

2.2. Methods

2.2.1. Extraction of Natural Antioxidants

Polyphenols were extracted from plant materials using the maceration method,
as previously described [9]. The fresh fruits were cleaned and peeled. The meso-
carp was cut into small pieces using a rustproof knife and dried in oven at 45°C
for 48 hours. The dried mesocarp was grinded in a blender machine (Moulinex)
and sieved (Diameter of pore: 1 mm). The formulation (Rh5% et Rh10%) was
done as follows: Rh 5% was prepared using 95 g of food staple + 5 g of RA
powder and RA 10% was prepared 90 g of food staple + 10 g of RA powder. The
food staple was composed as follows: corn flour (77.8%), fish flour (20%), bone
flour (0.1%), palm olein (1%), vitamins (0.1%), and salt (1%). 20 g of Rh powder
was extracted into 200 ml of water and the mixture was regularly shaken during
the extraction. 20 g of powder was extracted into 200 ml of ethanol, water and
hydroethanolic (20/80) solvent respectively. The mixture was regularly subjected
to shaking during the extraction. After 48 hours of maceration, the mixture was
filtered with a Wathman N°1 filter paper and the filtrates were subjected to eva-

poration at 45 °C. The dried extracts were stored at 4°C for further analysis.

2.2.2. Determination of Total Phenol and Flavonoids Content of Rh
Mesocarp Extract

The total phenolic content of RA mesocarp was determined using the Fo-
lin-Ciocalteu colorimetric method, as previously described [10].

Aluminjum chloride method was used for flavonoid determination using the
method described by [11].

2.2.3. Evaluation of Antioxidant Activity in-Vitro Rh Extract

> The radical scavenging ability of the extracts was determined according to
the method as previously described [12] and the efficient concentration 50
(EC50) was determined.

» The ability of the extracts tested to reduce ferric iron (Fe’*) present in the
K;Fe (CN); complex to ferrous iron (Fe**) was determined as previously de-
scribed [13].

» The hydroxyl radical scavenging capacity of the mesocarp extracts was eva-
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luated by the method as previously described [14].

2.3. In Vivo Antioxidant and Neuroprotective Effect of Rh Aqueous
Extract and Powder on Aluminum Chloride Induced
Neurotoxicity

Experimental Animals and Induction of Neurotoxicity

Seven groups of six animals each 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 guide-
lines as previously described [15]. Animals were individually housed under con-
trolled temperature (25°C), (12 h light/12h dark cycle) and had free access to
water and diet. AICl; (4.2 mg/kg/intraperitonial) was administered daily to all
groups except the normal animal group for 28 successive days. The dose of AICI,
was selected on the basis of the literature reports [15]. Aqueous extract (200, and

400 mg/kg body weight) and powder (5% and 10%) of RA were administered

daily through oral route to different groups of rats for 28 consecutive days. Oth-

erwise, positive control group received 200 mg vitamin C (which is a standard
antioxidant) per Kg body weight and negative control group received no treat-

ment during the administration of aluminum chloride.

2.4. Assessment of Animal Behavior during Treatment

2.4.1. Arm Labyrinth Procedure

The 8-arm radial labyrinth was developed for rats [16]. Animals were deprived
of food for 24 hours. An animal was placed on the center of the device to explore
the maze for 5 minutes a day. Rats were trained to find the food reward at the
distal ends of eight arms during these 5 min. Each session lasts until all 8 arms
are seized. The 4 arms filled with rewards were always the same, in order to
teach the animal to find the food only in these 4 arms for 5 min. The behavior of
the animal for 5 min was recorded by a video camera. To prevent odors, the

maze was cleaned between the animals.

Acquisition speed = (number of Rewards)/(time taken)

2.4.2. Morris Aquatic Maze Procedure (Water Maze)

The Morris Protocol [17] is to locate the invisible submerged platform whose
position remains unchanged during 3 consecutive days. Each rat underwent a
daily session of 3 trials separated by a 5 min period during which the animal was
placed in its cage. At each test, the animal was deposited in the water facing the
wall from a determined starting point which varies from test to test. The test
ends when the rat has reached the platform, or when 60 seconds have elapsed. If
the rat did not find the platform during the 60 seconds of the test, it was guided
by the experimenter to the platform. Once the animal was on the platform, it
was left for 10 seconds before the experimenter presented it with a metal trans-
port grid. The main variables identified were the platform hit latency (maxi-

mum: 60 seconds) and the distance travelled during the journey.
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2.5. Tissue Preparation for Biochemical Estimation

After 28 days of treatment, animals were sacrificed under anesthesia using steam
chloroform. Blood was collected in EDTA tubes. Immediately after collection,
the liver and brains were removed carefully. The brain was homogenized in
ice-cold phosphate buffer Ph 7.4. Plasma was prepared from the collected blood

and homogenates from the liver and brain.

. Biochemical Assessments

MDA was evaluated as previously described [18].
Total protein determination was evaluated as previously described [19].

YV V.V W

Glutathione was performed according to the method as previously described
[20].

Acetylcholinesterase activity was assessed according to the method as pre-

\4

viously described [21].
> Assessment of catalase activity was assayed according to the method as pre-
viously described [22].
» The activity of superoxide dismutase (SOD) was assayed according to the
method as previously described [23].
> Nitric oxide (NO) assessment was performed according to the method as
previously described [24].
Statistical analysis
Results obtained in the present study were subjected to one-way analysis of
variance (ANOVA) with turkey test using Minitab version 17.0 to evaluate the
statistical significance of the data. A probability value at P < 0.05 was considered
statistically significant.

4. Results

4.1. Total Phenols and Flavonoids Content of Raphia hookeri
Mesocarp Extracts

The total phenolic and flavonoid content of different extracts of Raphia hookeri
mesocarp are presented in Table 1. Total phenol contents differ significantly
between 50.83 and 76.34 mg Eq AG/g of extract and the aqueous extract of RA
present the highest total phenolic content which is 76.34 mg Eq cat/g of extract.
The flavonoid content differ significantly between 5.64 and 13.32 mg Eq CAT/g

Table 1. Total Phenolic and flavonoid content of Raphia hookeri mesocarp.

extracts w (mg Eq GAE/g of extract) w (mg Eq CAT/g of extract)
ARh 76.34 + 0.04* 13.32 £ 0.00°
HERA 67.61 £ 0.01* 7.15 +0.02°
ERh 50.83 £ 0.05° 5.64 £ 0.00°

Values with different letters are significantly different at 2 < 0.05; Eq CAT: catechin equivalent; Eq GAE:
gallic acid equivalent. AR.h: Aqueous extract of Raphia hookersi; HER.h: hydro-ethanolic extract of Raphia
hookerr: ER.h: ethanol extract of Raphia hookeri; VIT C: vitamin C, w: weight.
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of extract and the highest flavonoid content was also observed in aqueous extract
(13.32 mg Eq CAT/g of extract).

4.2. Antioxidants Capacity in Vitro of Raphia hookeri Mesocarp
Extracts

4.2.1. DPPH Scavenging (2,2-Diphenyl-1-Picrylhydrazyl) of Raphia
hookeri Mesocarp Extracts

The DPPH radical scavenging of different extracts differs with different concen-
tration and it is between 70% and 90%. At the lower (12.5 pug/ml) concentration,
there was no significant between different extracts. At the high concentration
(200 pg/ml) the DPPH scavenging of different extract of RA mesocarp are the
same to those of vitamin C at the same concentration. The results obtained in
this study globally show that all extracts (aqueous, ethanolic and hydroethanolic)
of RA are highly active against the DPPH radical (Figure 1).

4.2.2. Values of the Efficient Concentration 50 (ECso) of Raphia hookeri
Mesocarp Extracts

The efficient concentration 50 of different extracts of Raphia hookeri mesocarp
are lowers and are no significant different between different extract (12.65 and
14.32 pg/ml). Aqueous extract present the best EC50 (12.65 pg/ml). However the
EC,, of different extracts significant (P < 0.05) differ to those of vitamin C
(Table 2).

4.2.3. Ferric Reducing Antioxidant Power (FRAP) of Raphia hookeri
Mesocarp Extracts

The reducing power of different extracts of RA was greater and not significantly
different at theses concentrations12.5, 100 and 200 pg/ml. In the concentration
of 25 and 50 pg/ml aqueous and hydroethanolic extracts were significantly (P <
0.05) different from that of ethanolic extracts of RA. No significant difference

120 4

100 -

.
80 -
60 HAR.h
mHERh

40 - mER.h
VITC

20 -

O - T T T

125 25 50 100 200

Concentration (ug/ml)

DPPH radical scavenging activity (%)

Figure 1. DPPH Radical Scavenging Activity of Raphia hookeri mesocarp extracts. AR.h:
Aqueous extract of Raphia hookeri, HER.h: hydro-ethanolic extract of Raphia hookeri
ER.h: ethanol extract of Raphia hookeri; VIT C: vitamin C.
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Table 2. Value of the efficient concentration 50 (EC,,) of different extract and vitamin C.

Extract ECs (ug/ml)
ARh 12.65 +0.21°
HERh 14.32 + 0.08°
ERh 13.71 +0.08°
VITC 4.78 + 0.00*

Values with different letters are significantly different at £< 0.05.

between the power of reducing ferric iron to ferrous ion in the higher concentra-

tions (100 and 200 pug/ml) were observed (Figure 2).

4.2.4. Hydroxyl Radical Scavenging Activity (HRSA) of Raphia hookeri
Mesocarp Extracts

Figure 3 present the hydroxyl radical scavenging activity of different extracts. At
the lowers concentrations (12.5 and 25 pg/ml), the hydroxyl radical scavenging
activity of different extracts is very low and were no significant different to those
of BHT. Nevertheless, in the high concentration (200 pg/ml), aqueous extract
presented a significantly higher (P < 0.05) hydroxyl radical scavenging activity
compared to ethanolic and hydroethanolic extracts of RA (Figure 3).

4.3. Protective Effect of Aqueous Extract and Different
Formulation of Rh Mesocarp against Aluminum
Chloride-Induced Neurotoxity in Albino Rats

4.3.1. Effect of Aqueous Extract and Different Formulation of Rh
Mesocarp on the Food Acquisition Speed

Figure 4 shows the effect of aqueous extract and different formulation of RA
mesocarp on the food acquisition speed. Neurotoxicity induction leads to a sig-
nificant decreased of food acquisition speed. Overall, administration of aqueous
extract and different formulations of RA (5% and 10%) significantly increased (P
< 0.05) food acquisition speed in rats compared to the positive control the best
values were obtained in groups ARh400 and Rh10% (Figure 4).

4.3.2. Effect of Aqueous Extract and Different Formulation of Rh
Mesocarp on the Time Used to Find Platform

Figure 5 shows the effect of aqueous extract and different formulations of RA
mesocarp on the time used to find platform. Stress induction led to a significant
increase on the time used to find platforms. Overall, administration of aqueous
extract, different formulations of RA and vitamin C significantly reduced (P <
0.05) the time used to find platform compared to the positive control. The best
value is obtained in group ARh200.

4.4. Effect of Rh on Some Biochemical Parameters

4.4.1. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on Glutathione Levels in Plasma and Tissue

Table 3 shows the effect of aqueous extracts and different formulation of RA
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Ferric Reducing Antioxidant Power of Raphia hookeri mesocarp extracts. AR.h:
extract of Raphia hookeri, HER.h: hydro-ethanolic extract of Raphia hookeri:

ER.h: ethanol extract of Raphia hookeri; VIT C: vitamin C.
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Figure 3. Hydroxyl Radical Scavenging Activity of Raphia hookeri mesocarp extracts.
ARh: Aqueous extract of Raphia hooker HER: hydro-ethanolic extract of Raphia
hookert. ER.h: ethanol extract of Raphia hookeri; BHT: butylhydroxytoluéne.
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Effect of aqueous extract and different formulation of RA mesocarp in the ac-

quisition speed of food. NC: negative control received water; PC: induced rats (positive

control rats) received water; AR.h 200: induced rats received 200 mg/kg bw aqueous ex-

tract of RA mesocarp; AR 400: induced rats received 400 mg/kg bw aqueous extract of

RhA mesocarp; Rh 5%: induced rats received formulation food with 5% of RA mesocarp

powder; Rh 10%: induced rats received formulation food with 10% of RA mesocarp

powder; VC 200: induced rats received 200 mg/kg bw of vitamin C.
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Figure 5. Effect of aqueous extract and different formulation of RA mesocarp on the time
used to find platform. NC: negative control received water; PC: induced rats (positive
control rats) received water; AR.h 200: induced rats received 200 mg/kg bw aqueous ex-
tract of RA mesocarp; ARh 400: induced rats received 400 mg/kg bw aqueous extract of
RhA mesocarp; Rh 5%: induced rats received formulation food with 5% of RA mesocarp
powder; Rh 10%: induced rats received formulation food with 10% of RA mesocarp
powder; VC200: induced rats received 200 mg/kg bw of vitamin C.

Table 3. Effect of aqueous extracts and different formulation of RA mesocarp on the
plasma, liver and brain reduced glutathione levels in rats.

Groups Plasma (pmole/ml) Liver (umole/g) Brain (umole/g)
NC 60.56 % 2.45° 1063.97 + 37.32° 663.99 £ 59°
PC 45.28 + 5.47¢ 983.71 + 2.77° 476.26 + 10.4°

VC 200 94.42 + 2.335° 1061.63 + 2.03° 683.65 + 84.41°

ARh200 79.52 + 8.32° 1064.82 + 3.62° 773.4 £ 24.3%

AR.h400 90.71 % 2.385° 1056.37 + 14.0° 865.21 + 27.98°

R.h5% 83.365 + 5.505" 1066.66 + 1.18° 566.03 % 0.42¢

R.h10% 78.15 £ 7.34° 1084.43 + 10.7° 627.03 + 42.3°

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at P < 0.05; NC: negative controls and received water; PC: in-
duced rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous
extract of RAh mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of RA mesocarp; Rh
5%: induced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats re-
ceived formulation food with 10% of RA mesocarp powder; VC200: induced rats received 200 mg/kg bw of
vitamin C.

mesocarp on the plasma, liver and brain reduced glutathione levels in rats. Stress
induction resulted in a significant decrease in the plasma, liver, and brain re-
duced glutathione levels in rats. However, administration of aqueous extract,
different formulation of RA mesocarp and vitamin C significantly increased (P <
0.05) the levels of reduced glutathione in the plasma, liver and brain of the rats.
ARh400 present the best value in plasma, liver and brain while the formulate

groups presented the best value in liver.

DOI: 10.4236/fns.2020.115029

404 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2020.115029

H. T. Doungue et al.

4.4.2. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Plasma and Tissue Malondialdehyde (MDA)

Table 4 below shows the effects of stress induction and administration of
aqueous extracts and different formulations of RA on the level of the plasma, liv-
er and brain malondialdehyde in rats. Stress induction resulted in a significant
increase (P < 0.05) of the levels of malondialdehyde in the plasma, liver, and
brain rats. Overall, administration of aqueous extract, different formulations of
RhA and vitamin C significantly decreased (P < 0.05) the levels of this malondial-
dehyde in the plasma, liver and brain. The best reduction is observed with the
group ARh400 in the plasma and in the group R.A5% in the plasma, liver and

brain.

4.4.3. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Plasma and Tissue Proteins

Administration of aqueous extract, different formulations of RA and vitamin C
significantly increased (P < 0.05) the protein levels in plasma and homogenates
of animals except in the liver of the group R.h5% compared to positive control
group (PC). The highest levels of protein were observed in the plasma, liver of
the group AR.h200 and in the brain of the group AR.h400 (Table 5).

4.4.4. Effects of Aqueous Extract and Different Formulations of Rh Me-
socarp on the Catalase Activity in the Plasma, Liver and Brain

Stress induction resulted in a significant decrease (P < 0.05) activity of plasma,
liver and brain catalase activity. Aqueous extract, different formulation of RA
and vitamin C administration significantly increase (P < 0.05) the activity of cat-
alase in plasma, liver and brain in all the groups except in the liver and brain of
group AR.h400. The best catalase activity is observed with the group AR.h400 in
the plasma, groupAR.h200 in the liver and group R.h5% in the brain (Table 6).

Table 4. Effects of stress induction and administration of aqueous extracts and different
formulations of RA on the level of the malondialdehyde in the plasma, liver and brain.

Groups Plasma (umole/ml) Liver (umole/g) Brain (umole/g)

NC 0.66 + 0.03" 38.29 + 6.21% 38.34 + 1.71°
PC 1.13 £ 0.1° 63.79 + 2.16 59.48 + 0.28°
VC 200 0.63 + 0.06" 35.06 + 0.07° 24.14 + 0.084
AR.h200 0.65 + 0.01° 48.59 + 0.57° 31.32 % 2.36"
AR.h400 0.47 + 0.04° 45.77 + 0.30 30.55 # 3.83°
R.h5% 0.44 + 0.02° 38.72 + 0.57" 22.25 +0.634

R.h10% 0.65 + 0.01% 48.75 + 10.1° 33.075 + 2.51°

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at P < 0.05; NC: negative controls and received water; PC: in-
duced rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous
extract of RA mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of RA mesocarp;
Rh 5%: induced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats re-
ceived formulation food with 10% of RA mesocarp powder; VC200: induced rats received 200 mg/kg bw of
vitamin C.
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Table 5. Proteins levels in the plasma, liver and brain of rats.

Groups Plasma (umole/ml) Liver (umole/g) Brain (umole/g)
NC 174.33 + 6.46" 319.435 + 0.26* 40.43 + 12°
PC 137.61 £ 7.69° 143.98 + 2.96° 13.91 £ 0.28°

VC 200 183.72 + 5.66" 643.76 £ 9.46° 24.205 + 0.28¢

AR.h200 202.57 £ 11.82°% 524.07 + 0.32° 31.32 + 2.36°

AR.h400 165.31 + 3.33¢ 371.57 + 34.17¢ 29.28 + 8.03°

R.h5% 187.03 + 6.33" 173.41 £ 0.86° 31.25 + 1.03¢

R.h10% 197.68 £ 16.27° 306.93 + 3.46¢ 51.40 + 15.35°

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at P < 0.05; NC: negative controls and received water; PC: in-
duced rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous
extract of Rh mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of R mesocarp; Rh
5%: induced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats re-
ceived formulation food with 10% of RA mesocarp powder; VC200: induced rats received 200 mg/kg bw of

vitamin C.

Table 6. Effects of oxidative stress and different formulations on the activity of the plas-

ma, liver, and brain catalase.

Groups Plasma (nmol/min/ml) Liver (nmol/min/g) Brain (nmol/min/ml)
NC 2.67 +0.18° 0.78 + 0.09° 1.66 + 0.05°
PC 1.33 + 0.06° 0.64 + 0.05° 1.39 + 0.005¢
VC 200 3.05 + 0.08° 0.90 + 0.06* 2.28 +0.01*
AR.h200 2.55 +0.15" 0.88 +0.01° 1.74 + 0.01%
AR.h400 2.64 + 0.05" 0.74 + 0.01% 1.68 + 0.07°
R.h5% 2.29 +0.31° 0.74 + 0.05" 1.83 + 0.06°
R.h10% 227 +0.34° 0.86 + 0.03" 1.64 + 0.06°

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at P < 0.05; NC: negative controls and received water; PC: in-
duced rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous
extract of Rh mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of R mesocarp; Rh
5%: induced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats re-
ceived formulation food with 10% of RA mesocarp powder; VC200: induced rats received 200 mg/kg bw of

vitamin C.

4.4.5. Effects of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Nitric Oxide (NO) in the Plasma, Liver and Brain

Stress induction resulted in a significant increase (P < 0.05) activity in the plas-
ma, liver and brain of nitric oxide. However, aqueous extract, different formula-
tion of RA and vitamin C significantly decreased (P < 0.05) the levels of nitric
oxide in the plasma and organs of these animals compared to the positive con-
trol. The best reduction of nitric oxide is observed with the group R.h10% in the
plasma, liver and with the group R.h5% in brain (Table 7).

4.4.6. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Plasma and Tissue Super Oxide Dismutase (SOD)

Table 8 shows the effect of aqueous extracts and different formulation of RA on
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Table 7. Effect of aqueous extracts and different formulation of RA on the level of the
plasma, liver and brain nitric oxide in rats.

Groups Plasma (umol/ml) Liver (umol/g) Brain (umol/g)
NC 1992.75 + 112.9° 491893.5 + 778¢ 304.15 + 50.8"
PC 8751.35 + 76.7° 5829026 + 799.5" 583.725 + 46.08"

VC 200 4956.25 + 51.55° 2806866.05 + 4703.5° 372.215 + 43.5°

AR.h200 5290 + 160° 1249728.5 + 3839.5¢ 283.74 + 16.45"

AR h400 4840.1 + 478.3° 1724481 + 3271¢ 293.05 + 52.25%

R.h5% 4912 + 379.5" 844519.5 + 5224° 190.585 + 24.31¢

R.h10% 2805.3 + 67.1¢ 820630 + 2846.5° 276.65 + 80

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at P < 0.05; NC: negative controls and received water; PC: in-
duced rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous
extract of Rh mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of R mesocarp; Rh
5%: induced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats re-
ceived formulation food with 10% of RA mesocarp powder; VC 200: induced rats received 200 mg/kg bw of

vitamin C.

Table 8. Effect of aqueous extracts and different formulation of RA on the plasma, liver
and brain super oxide dismutase levels in rat.

Groups Plasma (pmole/min/pl)  Liver (umole/min/mg) Brain (pmole/min/mg)
NC 3697.33 + 7.77° 372.13 + 6.87° 368.2 + 2.945°
PC 2492.43 + 139.74° 241.65 + 44.81° 219 53"
VC 200 3721.35 + 33.65% 370.4 + 6.93* 367.73 + 4.41°
AR.h200 3713.31 £ 15.11* 372.73 £ 6.39° 368.73 + 7.51°
AR.h400 3708.7 + 37.1° 370.6 + 6.7% 369.73 + 9.14°
R.h5% 3741 £ 50.92% 370.46 + 6.56° 376.75 + 15.38°
R.h10% 3680.8 + 28.76° 371.03 + 8.06° 369.4 + 8.84"

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at 2 < 0.05; NC: negative controls and received water; PC: induced
rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous extract of
Rh mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of R mesocarp; Rh 5%: in-
duced rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats received for-
mulation food with 10% of RA mesocarp powder; VIT C: induced rats received 200 mg/kg bw of vitamin C.

the plasma, liver and brain super oxide dismutase levels in rats. Administration
of aqueous extract, different formulation of RA and vitamin C significantly in-
creased (P < 0.05) the levels of super oxide dismutase in the plasma and organs

compared to the positive control.

4.4.7. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Brain Acetylcholinesterase Activity

Stress induction resulted in a significant increase of acetylcholinesterase activity
of the animals. Overall, administration of aqueous extract, different formulation
of RA and vitamin C significantly decreased (P < 0.05) the levels of acetylcholi-
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nesterase in the brain of these animals compared to that of the positive control.
The best reduction of acetylcholinesterase activity is obtained with the high dos-
es of extract and formulation (Rh10% and ARh400 respectively) (Table 9).

5. Discussion

5.1. Total Phenolic and Flavonoid Content

Phenolic compounds are the major secondary metabolites found in plants which
are used for their defence. Antioxidant activity of plant extracts has been attri-
buted to these molecules [9] [25]. The fact that RA extracts are rich in phenolic
compounds has been proved [25]. It was reported that the total phenolic content
of aqueous extract of Rh was 4.1 gkg™ of powder. In the same line, the total
phenolic content of RA leaf was 39.73 mg GAE/g [26]. The values obtained by
Ogbuagu and Dada were significantly lower than those obtained in this study.
This can be attributed to genotypic and environmental differences (climate,
temperature, location) between these plants, the choice of the part tested, the
harvesting period, the extraction and characterization methods [27] [28].
Flavonoids are the most represented family of phenolic compounds. They
have a good antioxidant activity through several mechanisms of action [29]. This
has been related to their complex structure compared to that of phenolic acids.
The presence of flavonoids in RA extract has already been reported [30]. Ogbuagu
demonstrated that the flavonoid content of aqueous extract of Rh mesocarp was 4
g'kg™ of powder. On the other hand the flavonoid content of RA leaf was 21.88
mg QAE/g [26]. The flavonoid content obtained in this study was significantly
lower than those reported by these authors. This result can be justified by the
environmental conditions, the part of the plant used the nature of the extraction

solvent and the maturity step of the plant can explain these variations [27] [28].

Table 9. Effect of aqueous extracts and different formulation of RA on the level of brain
acetylcholinesterase activity in rats.

Groups Brain (nmol/min/mg prot)
NC 0.03 + 0.00°
PC 0.34 + 0.069*
VC 200 0.09 + 0.015°
AR.h200 0.26 + 0.05"
AR.h400 0.054 + 0.02¢
R.h5% 0.054 + 0.005¢
R.h10% 0.04 + 0.005¢

The values of this table represent the means + standard deviation of 6 repetitions and the value which have
different letters are significantly different at 2 < 0.05; NC: negative controls and received water; PC: induced
rats (positive control rats) received water; A.Rh 200: induced rats received 200 mg/kg bw aqueous extract of RA
mesocarp; A.Rh 400: induced rats received 400 mg/kg bw aqueous extract of Rz mesocarp; Rh 5%: induced
rats received formulation food with 5% of RA mesocarp powder; Rh 10%: induced rats received formulation
food with 10% of RA mesocarp powder; VIT C: induced rats received 200 mg/kg bw of vitamin C.
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5.2. Antioxidant Activity

5.2.1. DPPH Radical Scavenging Assay

Generally, the plant extracts which have higher phenolic and flavonoid contents
have also presented the best antioxidant activities. The CE;, values obtained for
aqueous, hydroethanolic and ethanolic solvents of Raphia hookeri mesocarp in
the DPPH assay were 12.65, 14.32 and 13.71 pg/ml respectively. These values
were lower than those of Oluyori ef al. who showed the values of 0.0523 mg/ml
and 0.1126 mg/ml respectively for the epicarp and the leaf compare to the CEs,
value of our mesocarp. It can be due to the difference between the parts of the
plant used. These results corroborated with previous studies [9] which reported
that plants with high phenolic content generally exhibit high DPPH Radical
Scavenging Activity.

5.2.2. Ferric Reducing Antioxidant Power (FRAP)

The reducing antioxidant power of Raphia hookeri was due to the presence of
hydroxyl group in phenolic compounds such as flavonoids which can reduce
ferric ions in ferrous ions. The presence of high ferrous was due to the high

power of the extract to reduce ferric ions and thus the antioxidant activity [31].

5.2.3. Hydroxyl Radical Scavenging Activity (HRSA)

The highest activity was recorded with the aqueous extract of RA. The active
molecule extracted from the mesocarp of these plants may have several mechan-
isms of action. This can be explained by the fact that the antioxidant which has
the ability to scavenge the hydroxyl radical was most extracted by distilled water
[31]. Overall, the reducing power was correlated to the polyphenol contents and

DPPH scavenging activity.

5.3. Effect of Aqueous Extract and Different Formulation of Rh
Mesocarp on the Acquisition Speed of Food and on the Time
Used to Find Platform

The induction of stress leads to a significant reduction of the acquisition speed
of food and the increasing of time used to find platform. These can be explained
by the loss of memory capacity due to aluminum chloride which can induce
oxidative damage through multiple mechanisms. It can bind to negatively
charged brain phospholipids, which contain polyunsaturated fatty acids and are
easily attacked by reactive oxygen species. It can also interfere with the homeos-
tasis of metals and disturbed the permeability of the membrane cells (ROS) [32].
Treatment with aqueous extract and formulation shows the best results in the
high doses (ARh400 and Rh10% respectively). This result can be explained by
the presence of some micronutrients in food. In the same line, flavonoids have
been reported to have substantial neuroprotective activity [4]. These effects have
been attributed to their general free radical trapping capacity, antioxidant activ-
ity on neurons, but they also intervene in multiple biological processes, such as
iron chelation, activation of survival genes, cell signaling pathways and regula-

tion of mitochondrial function [3].
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5.4. Effect of Rh on Some Biochemical Parameters

5.4.1. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on Glutathione Levels in Plasma and Tissue
(Liver and Brain)

Total glutathione content is a major cellular antioxidant that preserves the oxi-
do-reductive balance in the cell. Administration of aqueous extract, different
formulations of RA mesocarp (5% and 10%) and vitamin C significantly in-
creased (P < 0.05) the levels of reduced glutathione in the plasma, liver and brain
of the rats. These results are similar to those reported with previous studies [33]
which showed that metals such as cadmium and mercury result in oxidative
stress by reduction in renal and brain intracellular glutathione. Indeed, poly-
phenols, namely flavonoids, present in extracts and powder of RA mesocarp
modulate the expression of the enzyme gamma glutamyl synthetase in the cellu-
lar antioxidant defense. This enzyme is responsible for the rate of synthesis of
glutathione. These studies are consistent with those of who showed that flavo-
noids increase the expression of gamma-glutamyl synthetase in vitro and in vivo

in mice transgenic strain.

5.4.2. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Plasma and Tissue Malondialdehyde (MDA)

The increase of malondialdehyde level in the positive control group is due to the
fact that aluminum can bind to negatively charged brain phospholipids, which
contain polyunsaturated fatty acids and are easily attacked by reactive oxygen
species (ROS) [33] Furthermore, this element stimulates iron-initiated lipid pe-
roxidation in the redox reaction, which causes ROS production and Fe** forma-
tions [33]. Reactive oxygen species may also cause cellular damage, by oxidizing
amino acid residues on proteins, forming protein carbonyls suggesting for Al to
have catalytic activity to produce free radicals. Furthermore, the main mechan-
ism of Al toxicity involves the disruption of the homeostasis of metals, such as

magnesium (Mg), calcium (Ca), and iron (Fe).

5.4.3. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on Proteins in the Plasma and Tissue

The decrease in the plasma, liver, and brain protein levels in the positive control
group compared to those of the treated groups can be explained by the fact that
aluminum can bind to different metal binding proteins such as Ca, Fe, Cu and
Zn that accordingly influence homeostasis of other metals. Aluminum may exert
its neurotoxicity via free radical production and peroxidation damage to lipids
and proteins. Similarly, it could also be due to reactive oxygen species formed
such as hydroxyl radicals responsible for the oxidation of the side chains of some
amino acids resulting in proteins hydrolysis. These changes could affect their
functions, antigenicity, and proteolytic degradation in the proteasome. These
results are corroborated with previous studies [34] who showed a decrease in
protein levels after intraperitoneal injection of aluminum in rats at a dose of 40

mg/kg bw.
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5.4.4. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Activity of the Plasma, Liver and Brain Catalase

The observed decrease of the catalase activity during AlCl;-induction is in ac-
cordance with that previously reported [35]. Catalase constitutes a supportive
team of enzyme. In the occurrence of inadequate catalase level to degrade H,0O,,
more H,0, could be converted to toxic hydroxyl radicals that may contribute to
oxidative stress. In the present study, the decline in the activities of catalase in
plasma and homogenates of AICI, rat group might be due to their inactivation
caused by excess reactive oxygen species production.

5.4.5. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on Nitric Oxide (NO) in the Plasma, Liver and Brain

The data revealed a significant increase in nitric oxide content in AICI; treated
group. This elevation in nitric oxide could be attributed to the ability of alumi-
num to generate reactive oxygen species and free radicals. One of the multiple
pathways to increase free radicals mediated neurotoxicity is the formation of
peroxynitrite by reaction of nitric oxide and superoxide radical [36].

5.4.6. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Plasma and Tissue Super Oxide Dismutase (SOD)

Superoxide dismutase (SOD) belongs to the members of enzymatic antioxidative
defense mechanisms against reactive oxygen species, and protects macromole-
cules, cells and cell membranes from peroxidative damage [37]. The decrease of
SOD in positive group leads to peroxidative damage of brain tissues that may
result to oxidative stress. Comparable findings were also obtained by Ahkam and
El-Gendy who demonstrated that one month administration of AlCl, at dose
level of 53.5 mg through drinking water significantly decreased the activities of
SOD [38].

5.4.7. Effect of Aqueous Extract and Different Formulations of Rh
Mesocarp on the Brain Acetylcholinesterase Activity

The data obtained reveled that AICl, induced significant increase in AchE activ-
ity in the brain of rats. This result was parallel to those recorded by previous au-
thors [39] who observed a significant increase in AchE activity in rat treated
with AlCl, (50 mg/kg) daily in drinking water for three months. Also, it was re-
ported that AchE activity in different brain regions increased after 4 and 14 day
from oral administration of AICI; at a dose of 320 mg/kg body weight [40]. This
elevation in AchE activity may be attributed to the direct neurotoxic effect of
metal or a disarrangement of the cell membrane caused by increased lipid pe-
roxidation as reported by the previous study [41]. However, administration of
different extract and formulations leads to a significant reduction of this acetyl-
choline activity. The best reductions were observed in groups ARh400 and
Rh10%. Our result corroborated the previous authors who reported that admin-
istration of polyphenol present in wild blueberry extract attenuated brain oxida-
tive stress by decreased acetylcholinesterase activity in adult mice [41].

This study showed that during the 4 weeks of RA supplemented diets, the re-
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ductions of the time use to find platform and the increase of the acquisition
speed of food in the rat were due to the presence in this powder and extracts of
some phytochemicals compounds. Many phytochemicals compounds have been
shown to exert neuroprotective actions in animal and cell culture models of
neurological disorders [39]. The vast majority of the studies on health focused
on the fact that many of the active chemicals possess antioxidant activities.
Neuroprotective effects of various phytochemicals are thus associated with re-
duced levels of oxidative stress which was observed in our study by the increase
of protein levels, catalase activity, glutathione, super oxide dismutase concomi-
tant to the reduce levels of malondialdehyde, nitric oxide and acetylcholine este-
rase activity. This antioxidant represented the keys of the detoxification in our
bodies and can be stimulated by the presence in the extract and powder of RA
mesocarp of some phytochemicals compounds such as polyphenols, like flavo-
noids rely on their ability to cross the blood-brain barrier and directly scavenge
pathological concentrations of reactive oxygen and nitrogen species and chelate
transition metal ions. Different polyphenolic compounds were shown to have
scavenging activity and the ability to activate key antioxidant enzymes in the
brain, thus breaking the vicious cycle of oxidative stress and tissue damage [39].

6. Conclusion

According to the present results, it could be concluded that Raphia hookeri me-
socarp by enhancing antioxidant activities, cognitive functions (reduced the time
used to find the platform and increase the acquisition spend of food), increases
catalase, protein, glutathione, superoxide dismutase and decreases malondialde-
hyde, nitric oxide and acetylcholine esterase activity. Therefore RA mesocarp
would protect oxidative damage and preserve neurone functions.
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