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Abstract: Ackee (Blighia sapida) has been used in traditional medicine for treating oxidative stress-
induced diseases; diabetes and cancer. Ameliorative roles of Ackee leaves and arils methanolic extracts
were evaluated on mercuric chloride (HgCl,) induced-oxidative stress in D. melanogaster. 1-3 days old
D. melanogaster were orally exposed to different concentrations of Ackee leaves (AL), and Ackee arils
(AS) extracts as well as HgCl, in a diet for 7 days. Subsequently, survival and negative geotaxis assays,
quantification of reactive oxygen species (ROS) generation, and oxidative biomarker enzymes were
determined. 500 uM HgCl, was selected based on the highest lethality, 0.2 mg/g for AL, and 0.4 mg/g
for AS; they gave the highest antioxidant effects. Exposure to AL and AS plant extracts improved
negative geotaxis behavior and extracts were able to ameliorate the effect of Hg2+ on catalase
positively, acetylcholinesterase, glutathione-S transferase activities, increase total thiol and GSH levels
and reverted increased nitric oxide and hydrogen peroxide production (P<0.05) when compared to the
control. Our results suggest that the Hg?* mechanism of toxicity is associated with oxidative damage,
as evidenced by the alteration in the oxidative stress-antioxidant imbalance, and that extracts possess
essential phytochemicals that could alleviate possibly effects of environmental pollutants such as HgCl..

Keywords: Antioxidant; Drosophila melanogaster; environmental pollutants; mercury; oxidative
stress damage; reactive oxygen species (ROS); phytochemicals.

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Medicinal plants have found applications in traditional medicine in different parts of
the world for thousands of years [1]. The occurrence of natural antioxidants in plants has led
to the production of functional food and drugs with health-promoting properties due to their
lower toxic effects and higher efficiencies, especially in disease conditions that are often drug-
resistant [2].
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Ackee (Blighia sapida) is an inherent tree crop of West Africa, prevalent in tropical and
subtropical environments [3] having various parts of it employed in traditional medicine for
the treatment of common illness such as fever, malaria, internal hemorrhage, dysentery, yellow
fever and diabetes [4] and cancer [5]. About twenty phytochemicals have been reportedly
isolated from the various parts of B. sapida [3]. Bioactive molecules such as total phenol,
ascorbic acid, hypoglycin A, squalene, D: A-Friedooleanan-7-ol, (7.alpha.) etc. have been
identified from the plant [6]. Thus, significant scientific knowledge on the health benefits of
these phytochemicals present and their antioxidant potentials could ensure the development of
more efficient ways to translate the plant extracts into useful products with improved
commercial value.

Drosophila melanogaster, a dipteran insect, is used as a model organism for
reproducible research that meets the 3Rs (reduction, refinement, and replacement) of laboratory
animal usage in toxicity studies as recommended by the European Centre for the Validation of
Alternative Methods (ECVAM). D. melanogaster finds applications in genetics, biochemistry,
and cell biology, and it has been used as a very good model for toxicological study [7].
Drosophila possesses many of the genes systems which control nutrient uptake, storage, and
metabolism that are important for the fly development. These genes have shown to be critical
for all animal development, including humans, where they have been reported to be analogs to
those of humans [8]. Although the final build-up of the fly differs clearly from that of humans,
many fundamental building blocks and processes were conserved through evolution and are
very comparable based on over 60% functional gene similarity with humans [8].

Mercury exists in multiple forms: elemental, organic, and inorganic, and its toxic
manifestations depend on the type and magnitude of contact [9]. Most human exposures come
from the ingestion of contaminated seafood, outgassing from dental amalgam or occupational
exposure (e.g., gold mining), among other cases [10]. It has been reported that mercury has
high toxic effects, thus, causing damages to organs and tissues [11]. The study has shown that
in MeHg" tolerant strains of Drosophila, cytochrome P450 6g1 (CYP6gl) known as the
dichlorodiphenyltrichloroethane resistance allele in flies, and Turandot A (TotA), an immune
pathway-regulated humoral response gene, were both highly upregulated and responsive to
selection + MeHg [12]. Hg ions can cause increased cation permeability, decrease intracellular
levels of reduced glutathione (GSH), inhibit glucose transport, and accelerate leakage of
cytoplasmic lactate dehydrogenase in hepatocytes [13]. Moreover, Hg interferes with a large
number of cellular processes, including the formation of complexes with free thiols and protein
thiol groups [13], and it could result in oxidative stress [14].

Oxidative stress is thought to be involved in a wide range of diseases such as
cardiovascular diseases [CVDs], chronic obstructive pulmonary disease, chronic kidney
disease, neurodegenerative diseases, and cancer) [15], and is characterized by an imbalance
between reactive oxygen species (ROS) levels (pro-oxidants) and cellular antioxidant defense
systems able to counterbalance them, thus resulting in molecular and cellular damage [16].
Oxidative stress has a profound effect on the cellular thiol balance and can lead to a decreased
GSH/GSSG ratio in many body organs. Practically, biological macromolecules such as
proteins, lipids, and nucleic acids, can have their functional roles altered by oxidative
modification due to oxidative stress [17]. Antioxidant enzymes which include catalase (CAT,
EC 1.11.1.6), superoxide dismutase (SOD, EC 1.15.1.1), glutathione peroxidase (GPOX, EC
1.11.1.9), glutathione reductase (GR, EC 1.6.4.2), glutathione-S-transferase (GST, EC
2.5.1.18), and its peroxidase activity (GSTPX), are crucial for the removal of toxic forms of
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oxygen and for the termination of the radical oxygen cascade [13]. Induction of these enzymes
attenuates the accumulation of toxic oxygen species from an exogenous pro-oxidant.
Acetylcholinesterase (AChE) and GST, are an example of biomarkers of electrophilic toxicity
[18].

This research was designed to attempt answering the quest for best available remedial
strategies for potential biohazards heavy metals such as lead, chromium, arsenic, zinc,
cadmium, copper, mercury and nickel, commonly found in contaminated soils have been
reported in many rural communities in Nigeria, specifically in Oye—EKkiti community in EKiti
State, Nigeria [19]. The community depends on a good number of wells as sources of domestic
water use. The indigenes are mostly peasant farmers and consequently use pesticides and
fertilizers, which eventually percolate down the soil and find its way into the groundwater fetch
for household uses [20]. The fundamental premise of this research was that it could make the
ripe ackee arils that is ubiquitously distributed and primarily consumed in the Oye-EKiti
community be having an ameliorative or alleviating effect; against these deleterious
compounds? This study, therefore, investigated the effects of HgClz-induced oxidative stress
in D. melanogaster, and also the ameliorative potential of ackee leaves and arils extracts on
behavioral and biochemical disruptions induced by HgCl2 exposure.

2. Materials and Methods
2.1. Chemicals.

Reduced glutathione (GSH), 1-chloro-2,4-dinitrobenzene (CDNB), acetylcholine
iodide, 5°5’-dithiobis-2-nitrobenzoic acid (DTNB), butylated hydroxytoluene (BHT) were
purchased from Sigma Chemical Company, St Louis, USA.

2.2. Sample collection and preparation.

Mature leaves and arils of Blighia sapida were collected from the Idofin area in Oye-
Ekiti (Latitude 7° 53' 21.91" N and Longitude 5° 20" 41.35" E) and transported to Biochemistry
Laboratory in Faculty of Science, Federal University Oye-EKkiti, Ekiti State, Nigeria. The plant
was authenticated at the Department of Botany, University of Ibadan, with authentication
number UCH-22791. They were thoroughly washed, weighed, and blended with absolute
methanol. The leaves (500 g) and arils (400 g) in 500 ml of absolute methanol were blended to
give smooth ground paste and left for 5 hours with continuous stirring and were then passed
through a fine sieve cloth. The filtrate was then centrifuged at 1000 rpm for 20 minutes for
clarification and to remove any other insoluble particle. The clarified supernatant was then
concentrated in a rotary evaporator to 10% initial volume and afterward evaporated to dryness
in a hot air oven at 50 °C. The dried methanolic extract of B. sapida leaves and arils were then
stored in airtight correctly labeled containers.

2.3. Collection and treatment of fruit flies.

Both genders (1-3 day old) of Drosophila melanogaster (Harwich strain) were cultured
in the Drosophila Laboratory, Department of Biochemistry, University of Ibadan, Nigeria. The
flies were maintained and reared on cornmeal medium containing 1% w/v brewer's yeast, 2%
w/v sucrose, 1% w/v powdered milk, 1% w/v agar, and 0.08% v/w nipagin at constant
temperature and humidity (231 °C; 60% relative humidity, respectively) under 12 h dark/light
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cycle conditions until the eggs metamorphosed into young adult fruit flies. All the experiments
were carried out with the same D. melanogaster strain.

2.4. Phytochemical analysis.

The qualitative and gquantitative screenings and assays of alkaloid, flavonoid, saponin,
terpenoid, tannin, and phenolics in the crude methanolic extracts of AL and AS were carried
out following previously established experimental methods [21, 22, 23, 24, 25, 26] as
appropriately cited above.

2.5. Crude plant extracts exposure and survival rate analyzes.

To determine the appropriate maximum therapeutic doses ackee leaves and arils
extracts, 60 days survival and longevity rate were carried out respectively using 1-3 days old
flies, in five groups (n=5) of 30 flies each. The plant extracts were introduced into the diet in
each group; ackee leaves, AL (0.1, 0.2 and 0.4 mg/g diet) and ackee arils, AS (0.1, 0.2 and 0.4
mg/g diet) respectively. Daily mortality records were taken and plotted as the percentage of
live flies, to determine their life span and survival respectively against the control with no
extracts. The effects of the extracts on the biochemical parameters in D. melanogaster were
determined.

2.6. Mercuric chloride exposure and survival rate analysis.

To determine the appropriate toxic dose of mercuric, 14 days survival rate were carried
out using 1-3 days old flies, in five groups (n=5) of 30 flies each. Mercury chloride was
introduced into the diet of the flies at varying concentrations (7.5, 25, 50, 100, 200, and 500
p1M), respectively. Daily mortality records were taken and plotted as the percentage of live
flies, to determine their life span and survival respectively against the control with no HgCl..
The effects of the mercury chloride on the biochemical parameters in D. melanogaster were
determined.

2.7. Mercuric chloride exposure and the ameliorative effect of the crude plant extracts.

Based on the data obtained in sections 2.5 and 2.6, the survival rate of 7 days was
selected as the effective doses. Mercuric chloride (500 pM) was selected based on highest
lethality and 0.2 mg/g for ackee leaves (AL), and 0.4 mg/g for ackee arils (AS) were selected
as they gave the highest survival and longevity rate compared to the control. To determine the
ameliorative effect of ackee leaves and arils extracts in mercuric chloride-induced oxidative
stress, 5 days survival assays were carried out using 1-3 days old flies, in five groups (n=5) of
30 flies each and observed till 60 days.

2.8. Preparation of sample for biochemical assays.

For the determination of biochemical assays, 50 flies (of both gender) were exposed for
7 days as described above. At the end of the treatment period, the flies were anesthetized with
COz2, weighed and then homogenized in 0.1 M phosphate buffer (pH 7.4, the ratio of 1 mg:10
ML) and centrifuged at 4000 g for 10 minutes at 4°C in a refrigerated centrifuge (Thermo Fisher
Sorvall Legend Micro 17R, Fresco). Thereafter, supernatants were transferred into new labeled
Eppendorf tubes and used for the determination of total protein, total thiol, glutathione (GSH)
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contents as well as catalase, glutathione S-transferase, and acetylcholinesterase enzyme
activities.

2.9. Protein determination.

The protein concentrations of the various samples were determined following the
Lowry method, as described in Redmile-Gordon et al. [27] using bovine serum albumin (BSA)
as a standard.

2.10. Determination of catalase activity.

Catalase activity was determined according to the method of Abolaji et al. [17] by
monitoring the clearance of H202 at 240 nm at 25°C in a reaction medium containing 1800 pL
of 50 mM phosphate buffer (pH 7.0), 180 puL of 300 mM H202, and 20 uL of the sample (1:50
dilution). The reaction was monitored for 2 min (10 secs intervals), at 240 nm using a Jenway
6305 UV/visible Spectrophotometer (Bibby Scientific Ltd., UK) (expressed as umol of H202
consumed/min/mg protein).

2.11. Determination of acetylcholinesterase activity and the levels of total thiols.

Acetylcholinesterase activity and the levels of total thiols were assayed using the
methods described by Ellman et al. [28]. The system consisted of 135 mL of distilled water,
20 mL of 100 mM potassium phosphate buffer (pH 7.4), 20 mL of 10 mM DTNB, 5 mL of
sample, and 20 mL of 8 mM acetylthiocholine as initiator. The reaction was monitored for 5
min (15 secs intervals) at 412 nm using a Spectra Max plate reader (Molecular Devices, USA).
The data were calculated against blank and sample blank, and the results were corrected with
the protein content.

2.12. Total thiols Determination.

The levels of total thiols were assayed using the method of Abolaji et al. [17]. The
reaction mixture was made up of 170 mL of 0.1 M potassium phosphate buffer (pH 7.4), 20
mL of sample, and 10 mL of 10 mM DTNB. This was followed by 30 min incubation at room
temperature, and the absorbance was measured at 412 nm. A standard curve was plotted for
each measurement using GSH as standard (expressed as mmol/mg protein).

2.13. Hydrogen peroxide generation.

Hydrogen peroxide generation was determined by Wolff's FOX2 assay, as described
by Wolff [29]. Briefly, 50 uL of the test sample was added to 950 uL. FOX2 reagent (100 uM
xylenol orange, 250 uM ferrous ammonium sulfate, 90% HPLC grade methanol, 4 mM BHT,
25 mM H2S0g), vortexed and incubated for 40 min at room temperature. The absorbance was
read at 580 nm.

2.14. Reduced glutathione assay.

Reduced glutathione (GSH) was determined according to the method of Jollow et al.
[30]. Briefly, an aliquot was deproteinized by the addition of an equal volume of 4%
sulfosalicylic acid, and after centrifugation, 0.5 ml of the supernatant was added to 4.5 ml of
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bis (3-carboxy-4-nitrophenyl) disulfide (Ellman’s reagent). Reduced glutathione was
proportional to the absorbance at 412 nm.

2.15. Determination of nitric oxide level.

Nitric oxide was evaluated by the measurement of nitrite (NO2") levels. The amounts
of nitrite in supernatants were measured according to Griess reaction [31] in the presence of a
Griess reagent (1% sulfanilamide, 0.1% N - (1-naphthyl) ethylenediamine dihydrochloride, and
5% HsPO4). After incubation at room temperature, the optical density (OD) was read at 550
nm. Nitrite concentration was calculated from a standard curve generated with sodium nitrite
concentrations (0 to 100 pM).

2.16. Estimation of Glutathione-S-Transferase activity.

The glutathione-S-Transferase activity was determined according to the method
described by Abolaji et al. [17], using 1-chloro- 2,4-dinitrobenzene (CDNB) as substrate. The
assay reaction mixture was made up of 270 mL of a solution containing (20 mL of 0.25 M
potassium phosphate buffer, pH 7.0, with 2.5 mM EDTA, 10.5 mL of distilled water, and 500
mL of 0.1 M GSH at 25°C), 20 mL of sample (1:5 dilution), and 10 mL of 25 mM CDNB. The
reaction was monitored for 5 min (10 secs intervals) at 340 nm in a SpectraMax plate reader
(Molecular Devices), and the data were expressed as millimole per minute per milligram
protein using the molar extinction coefficient (g) of 9.6 mMcm™ for CDNB conjugate.

2.17. Investigation of negative geotaxis.

Locomotor performance of the flies (treated and control) was investigated using the
negative geotaxis assay as described by Abolaji et al. [17] About twenty (20) flies each in three
groups [B. sapida extracts (AL and AS) treated, HgCl2 treated, and control] were immobilized
under CO2 anesthesia placed separately in labeled vertical glass columns (length 15 cm;
diameter 1.5 cm). After the recovery from COz2 exposure (about 20 min), the flies were gently
tapped to the bottom of the column. The number of flies that climbed up to the 6 cm mark of
the column in 6 s as well as those that remained below this mark after this time was recorded.
The scores represent the mean of the number of flies at the top (ntwp) expressed as a percentage
of the total number of flies (nwt). This procedure was repeated three times at a 1-min interval.

2.18. Statistical analysis.

The results are expressed as mean = SEM (standard error of the mean). Statistical
analysis was performed using a one-way analysis of variance (ANOVA) followed by Tukey's
post hoc test. The results were considered statistically significant for P<0.05.

3. Results and Discussion

3.1. Phytochemical screening of Blighia sapida leaves and arils.

Table 1 shows the phytochemical content in leaf and aril extracts of B. sapida. The
result showed the degree of presence of these secondary metabolites in the extracts. Saponins,
tannins, terpenoids, alkaloids, phenol, and flavonoids were specifically present in the ackee
leaves extracts and arils extracts. Moreover, the percent (w/w) of the phytochemicals as
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contained in the extract are more abundant in the leaves extract compared to the arils extract

except for saponins and terpenoids that are slightly higher in the arils.

Table 1. Determination of phytochemical contents of B. sapida leaves and aril extracts.

. % .
0, [0) [0)
Sample % (l::c:ﬁ\t/gr?tmd % Alkaloids % Saponin Terpenoid /gc;lr—ﬁgrr:':n /gomgr?fl
P content (w/w) content (w/w) content
(w/w) (wiw) (wiw) (w/w)

AL 0.32 0.29 0.25 0.12 0.22 0.52
extract

AS 0.25 0.18 0.21 0.15 0.10 0.37
extract

3.2. Effects of ackee leaves (AL) and arils (AS) and mercuric chloride on longevity and survival

of D. melanogaster.

Effects of the methanolic extracts of ackee leaves (AL) and ackee arils (AS) on the
longevity of D. melanogaster, throughout their life span, is shown in Figure 1a. The result
shows that ackee leaves (AL) at a concentration of 0.2 mg/g diet extended lifespan the most
among the three concentrations tested (0.1, 0.2 and 0.4 mg/g diet) by 1.7%, while and ackee
arils (AS) at the concentration (0.4 mg/g diet) extended lifespan the most among the three
concentrations tested (0.1, 0.2 and 0.4 mg/g diet) by 3.4% when compared with control. The
effect of mercuric chloride on the survival of D. melanogaster is depicted in Figure 1b. HgCl2

decreased survival significantly when compared with the control with 500 uM HgCl2 showing
the highest lethality.
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Figure 1a. Effects of B. sapida on the lifespan of Drosophila melanogaster. The 0.1, 0.2, and 0.4 mg/g diet of
Ackee leaves (AL) and Ackee arils (AS) extended the survival of the flies beyond the 60 days lifespan of D.
melanogaster observed in the control experiment. However, 0.2 mg/g for ackee leaves (AL) and 0.4 mg/g for

ackee arils (AS) were selected as they gave the highest survival and longevity rate compared to the control at 7
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analysis and (B) survival (%) of 30 flies (both gender) after 14 days of exposure of D. melanogaster to 7.5, 25,
50, 100, 200 and 500 uM HgCl,. Data are presented as mean + SEM of three independent biological replicates
carried out in duplicates. Survival analysis was carried out in three independent experiments. 500 uM was
selected for further study based on the highest lethality at 7 days.

https://biointerfaceresearch.com/

7534


https://doi.org/10.33263/BRIAC111.75287542
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC111.75287542

3.3. Effects of ackee leaves and arils on oxidative stress-antioxidant biomarkers.

The effect of different concentrations of AL and AS on oxidative stress — antioxidant
biomarkers are depicted in Figure 2. The result showed that AL and AS at concentrations
studied (0.1, 0.2, and 0.4 mg/g diet), respectively reduced the level of nitric oxide and hydrogen
peroxide and caused an increase in total thiol level, catalase, and GST activities when compared
with the control.

Glutathione S Transferase Total Thiol E3 CONTROL
£ 4 300 &3 AL
{5 *

.- 3 AL2
£ E’ E gzoo D AL3
- * ° 7
2 2 2 - = g AS1
i E L o=
[
(U] <1 5 B3 AS3
£
29 b ?

15 Hydrogen Peroxide

15 Nitric Oxide

NO Levels
p mol/mg Protein

H,0, levels
p mol/mg protein
e

Figure 2. Effects of Blighia sapida leaves and arils on antioxidant-oxidative stress biomarkers in Drosophila
melanogaster. Statistical analysis was performed using a one-way analysis of variance (ANOVA) followed by
Tukey's post hoc test. Values are expressed as mean + SEM (n=5). Significant differences from the control are

indicated by "(p < 0.05).

3.4. Effects of ackee leaves and arils on negative geotaxis, the emergence of offspring, and
acetylcholinesterase activity.

The effect of different concentrations of AL and AS on negative geotaxis, emergence,
and acetylcholinesterase activities is depicted in Figure 3. The result showed that the ackee
leaves and arils extracts did not impair negative geotaxis as it was significantly (p< 0.05)
improved, so also were the emergence of offspring and acetylcholinesterase activity increased
when compared with control.

Acetylchholinesterase

B3 CONTROL

5% €3 ALY
Z8us AL2
5 g) D AL3
cE AS1
SE AS2
<2 & AS3

-4

o

200 150 Negative Geotaxis

2
3 X ~
& 150 83
@ o 51
Q o c
< O o
& 100 ° O
9 > U=
: 52
50 3
w i
4

Figure 3. Effects of Blighia sapida leaves and arils on acetylcholinesterase activity, negative geotaxis, and flies
emergence Drosophila melanogaster. Statistical analysis was performed using a one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test. Values are expressed as mean £ SEM (n=5). Significant
differences from the control are indicated by "(p < 0.05).
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3.5. Effects of mercuric-chloride on oxidative stress-antioxidant biomarkers.

The effect of different concentrations of HgCl. on oxidative stress — antioxidant
biomarkers are depicted in Figure 4. The result showed that HgClI: at all concentrations studied
caused an increase in the level of nitric oxide and hydrogen peroxide while reduced total thiol
level, catalase and GST activities when compared with the control (p< 0.05).

HYDROGEN PEROXIDE - E3 Control
3 8 CATALASE B3 25 uM
[
3 »8" 50 uM
°® o
g 52 2o 070 100uM
riy <Ew 200uM
(ol ®E
£3° 83w 5004M
£
& 20

o

NITRIC OXIDE

TOTAL THIOL

a
=]
=)

a2 0N @ B
s & 2
S

=3
S

NO Level
nmole/mg protein

T-sH Level
u mole/mg protein

oLk I

Figure 4. Effects of HgClI, on antioxidant-oxidative stress markers in Drosophila melanogaster. Statistical

analysis was performed using a one-way analysis of variance (ANOVA) followed by Tukey's post hoc test.

Values are expressed as mean = SEM (n=5). Significant differences from the control are indicated by "(p <
0.05).

N\

3.6. Effects of B. sapida on mercuric chloride-induced oxidative stress and antioxidant
imbalance.

The result showed that AL (0.2 mg/g) and AS (0.4 mg/g) were the most potent doses.
Hence they were used to investigate the ameliorative effect on HgCl.. Figure 5 shows the effect
of ackee extracts on HgClz-induced oxidative stress and antioxidant imbalance. The results
showed that ackee leaves and arils extracts reversed the elevated H202 and nitric oxide levels
significantly (p< 0.05), which was caused by HgClz and also and the improved the total thiol

levels, catalase and GST activities significantly (p< 0.05), which were previously reduced by
HgCl2when compared with control.

Catalase @R control
AS (0.4mg/g diet)
Reduced Glutathion = AL (0.2mg/g diet)
HGCL (500 uM)
3 AS (0.4mglkg)+ HGCL (500 1
AL (0.2mglkg) +HGCL (500

{3
»

Catalase Activity
1 mol/min/mg protein
e o o
2 8 &
GSH levels
u mol/mg protein

e
°

H,0; levels

u mol/mg protein
o o o =
2 @ = o

o
N

T-sH levels
p mol/mg protein

g
°

Figure 5. Effects of Blighia sapida leaves and arils on HgCl,-induced antioxidant-oxidative stress markers in
Drosophila melanogaster. Statistical analysis was performed using a one-way analysis of variance (ANOVA)
followed by Tukey's post hoc test. Values are expressed as mean = SEM (n=5). Significant differences from the
control are indicated by (p < 0.05). Significant differences from HgCl; are indicated by ®(p < 0.05).
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3.7. Effects of B. sapida on mercuric chloride-induced inhibition of acetylcholinesterase
activity.

The effect of ackee extracts on HgClz-induced inhibition of acetylcholinesterase
(AChE) activity is depicted in Figure 6. The result showed that AL and AS significantly
restored HgClz-induced inhibition of AChE activity when compared with control (p< 0.05).

Acetylcholinesterase

W control
AS (0.4mg/g diet)
3 AL (0.2mg/g diet)
ab ab HGCL (500 M)

a 2@ AS (0.4mglkg)+ HGCL (500
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°
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Figure 6. Effects of Blighia sapida leaves and arils in reversing the HgCl,- induced inhibition of
acetylcholinesterase and GST activities, and elevation of nitric oxide levels in Drosophila melanogaster.
Statistical analysis was performed using a one-way analysis of variance (ANOVA) followed by Tukey's post
hoc test. Values are expressed as mean + SEM (n=5). Significant differences from the control are indicated by
3(p < 0.05). Significant differences from HgCl, are indicated by °(p < 0.05).

3.8. Discussion.

The phytochemical analyzes of ackee leaves and arils extracts showed the presence of
saponins, tannins, alkaloids, total phenol, terpenoids, and flavonoids but more abundant in the
leaves than arils. The presence of these phytochemicals, e.g., flavonoids, have been reported to
exert antioxidant [32], responsible for the reduction of oxidative stress markers, e.g., nitric
oxide, hydrogen peroxide levels in treated flies and increase the activities of AChE and GST
in D. melanogaster. Plants phytochemicals that can slow down the process of aging while
extending lifespan is considered of great importance. Our results showed that AL and AS
extracts extended the lifespan of D. melanogaster. This is in line with studies that showed that
consumption of diet fortified with supplement rich in antioxidant property contributes to the
longevity of organisms [33].

Exposures to environmental toxicants have been reported to cause oxidative stress [34].
In this study, mercuric chloride was used to investigate whether its exposure can induce
oxidative stress in D. melanogaster. The results demonstrated that 14 days of exposure of
mercuric chloride at concentrations 25, 50, 100, 200, and 500 puM in flies decreased survival
rate and impaired antioxidant defense system. It was observed that the independent
administration of HgC12 caused an increase in hydrogen peroxide and nitric oxide levels. This
observation is consistent with a previous study by Stacchiotti et al. [35]. Also, HgC12 caused a
reduction in the activities of CAT, GST, and level of glutathione and total thiol while inhibiting
the activity of AChE. This imbalance caused by ROS can be restored through the use of
extracellular antioxidants which can boost the antioxidant defense of the body system [36].
Independent administration of ackee leaves and arils reduced the production of these reactive
oxygen and nitrogen species while upregulating the activities of antioxidant enzymes and
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AChE. Ackee leaves and arils also improved climbing assay and rate of emergence of offspring.
This depicts its antioxidative abilities.

Study on the effect of mercury as HgC1 and HgC12 on the antioxidant enzyme levels
and its toxicity in an insect model which comprised of adult females of the common housefly
(Musca domestica), and fourth-instar larvae of the cabbage looper moth (Trichoplusia ni), has
shown that at approximately 0.005% for both insects (w/v for M. domestica and w/w for T. ni),
induced the activity of SOD and CAT while activities of GST, GSTPX and GR were
significantly altered [13]. An increase in GST activity after was observed on three days of
exposure of D. melanogaster to MeHg* [18].

AL and AS were able to reverse the deleterious effect of HgC12 significantly and
increases the CAT activity, thus indicating its free radical scavenging potentials. GST serves
as a sensor for oxidative stress in response to environmental pollutants, including metals, and
AChE activity is used to assess the neurotoxic stress induced by contaminants [37].
Glutathione-S-transferase (GST) belongs to the phase Il family of detoxifying enzymes that
catalyze the conjugation of GSH to the electrophilic centers of exogenous and endogenous
electrophiles [17]. Thus, the observed HgC12 cause inhibition of GST activity implies that the
response of the flies to combat oxidative stress was compromised. However, Ackee leaves and
arils were able to reverse the inhibitory effect of mercuric chloride, indicating their
antioxidative potentials. Thiols (-SH) are compounds with a carbon-bound sulfhydryl group,
which are important antioxidant agents in the organism and defend against ROS [38]. Levels
of protein —SH in the body is an indication of the body’s antioxidant status [39]. Glutathione is
the major intracellular protein thiol, and it is principally in the reduced form. The reduction of
total thiol and GSH levels in D. melanogaster on exposure to HgC1: indicate the inability of
the flies to combat free radical damage. However, the result revealed that AL and AS
ameliorated the mercuric chloride-induced depletion of total thiols and GSH confirming its
antioxidant potential.

Acetylcholinesterase (AChE) is an enzyme that hydrolyzes acetylcholine, a
neurotransmitter present in many synapses of the central nervous system (CNS) and plays an
important role in coordination [40]. Our result shows inhibition of AChE activity on exposure
to HgC12was reversed by supplementation of the diet with ackee leaves and arils extracts, with
improved climbing performance in the flies. The inhibition of AChE will lead to high
accumulation of acetylcholine at the synaptic junction, and this often results in various irregular
muscle movements that could lead to convulsion, bronchial constriction, paralysis, and
possibly death. This was evidently revealed in our results that showed improved flies' negative
geotaxis when the diet was supplemented with the ackee extracts that reversed the inhibited
AChE. Although an increase in acetylcholine concentration is very significant in brain cells as
it improves communication between the nerve cells crucial for memory and cognitive
functions. Figure 6 clearly showed that the ackee extracts (AL and AS) under the flies' normal
physiological state reduces the activity of AChE, but not as drastic as the toxicant. Thus the
ackee extracts possess the ability to improve the concentration of acetylcholine by slightly
reducing the activity of AChE in a manner that will not trigger or degenerate into any other
excessive physiological pattern or disorder as aforementioned. It could, therefore, be suggested
that ackee leaves or arils, when consumed appropriately, could be a valuable therapeutic
potential toward the management of dementia and possibly anti-aging as it will greatly improve
mental alertness and function [41].
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In this study, HgCl2 exposure increased nitric oxide (a highly diffusible and short lived
free radical gas) level in D. melanogaster. The observation is similar to the report of Gado and
Aldahmash [42] in which nitric oxide level was elevated in rats. Thus, the apparent suppression
of mercuric chloride mediated accumulation of nitric oxide by ackee leaves, and arils could
suggest its anti-inflammatory potential. Also, a study on the effect of D. melanogaster exposure
to Hg?" through diet has reported induction in mortality, altered locomotor performance as
evaluated by negative geotaxis, and significant inhibition of GST, AChE, and SOD activities
[43].

4. Conclusions

This study has demonstrated that Ackee leaves (AL) and Ackee arils (AS) extracts were
able to ameliorate the effect of Hg?* induced oxidative stress on CAT, AChE, GST, nitric oxide
and hydrogen peroxide (H202) production when compared to the control (P<0.05) in D.
melanogaster. The concentration of mercuric chloride dose employed in this study (500 uM)
was far higher than the concentration range (1.47 uM — 81 uM) proven to induce toxicity in
human blood [44]. The significant degree of presence of phytochemicals in B. sapida extracts
could be responsible for the observed pharmacological effects; therefore, it is suggested that
the consumption of these ackee parts should be encouraged to provide therapeutic relieve
perhaps not only to mercuric chloride toxicity but to any other known environmental toxicant.
Furthermore, its administration towards other common illnesses could also be exploited.

It is also imperative that further works be carried out that will authenticate
cytotoxicological safety of these extracts and the requisite amount that should be consumed
that will not trigger or result in unwarranted illnesses, as these ackee arils most especially are
consumed irrational whenever it is in season. Furthermore, in-depth structural characterization
of these phytochemicals could be done as the information obtained may open a new platform
for the design of synthetic therapeutic drugs, which may possess structural resemblance to these
phytochemicals and thus provide similar biological antioxidant activities.
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