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ABSTRACT 
 
Aluminium chloride (AlCl3) toxicity is associated with several neurodegenerative disorders, including Alzheimer’s dis-
ease, via mechanisms of oxidative stress, impairment of cholinergic neurotransmission, and enhancement of acetyl-
cholinesterase activity. Phyllanthus amarus (P. amarus) is a widely used medicinal plant with reported antioxidant 
properties, and accordingly, this study investigated the anticholinesterase and antioxidant potential of P. amarus 
against AlCl3-induced toxicity in Drosophila melanogaster. 200 drosophilas were divided into four groups, with 50 per 
group. The control group was reared on a cornmeal diet, while the AlCl3 group was treated with 40 mM of AlCl3 via their 
diet. The P. amarus group was treated with 2.5 mg of P. amarus, while the co-treatment group was co-treated with 40 
mM AlCl3 and 2.5 mg of P. amarus via their diet for seven days. At the end of the experimental period, negative geotax-
is was carried out to evaluate locomotor performance. The drosophilas were thereafter homogenised, and the superna-
tants were used to assay for acetylcholinesterase (AChE), malondialdehyde (MDA), superoxide dismutase (SOD), and 
catalase (CAT) activities. Results showed a significant decrease in the survival rate, climbing activity, SOD, and CAT, 
as well as a significant increase in MDA and AChE activity in AlCl3-exposed drosophilas. However, co-treatment with P. 
amarus was able to significantly attenuate the toxicity of AlCl3. Taken together, the protective effect of P. amarus 
against AlCl3 is mediated possibly through its anti-cholinesterase and antioxidant properties and could therefore be rel-
evant in the development of novel therapeutic agents useful for the treatment of AlCl3 toxicity and its related disorders. 
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INTRODUCTION 
  
Aluminium (Al) is a metal with widespread industrial appli-
cations. It is used in the manufacture of cooking utensils, 
roofing sheets, and pharmacological agents, including ant-
acids and antiperspirants (Maya et al. 2016). Al salts, such 
as aluminium chloride (AlCl3), have been utilised in the 
investigation of biologically occurring Al compounds and 
are reportedly linked with several neurodegenerative dis-
eases, including Alzheimer's disease (AD) (Shunan et al. 
2021). AlCl3 toxicity has been reported to be associated 
with impaired locomotor performance, learning, memory, 
and cholinergic impairment, which are features seen in AD 

patients (Inneh and Eiya 2023), and an increase in alumin-
ium exposure has also been reported to increase the risk 
of developing AD by 71% (Wang et al. 2016). AlCl3 induces 
neurotoxicity and neurodegeneration primarily by triggering 
oxidative stress, thus affecting a large number of signalling 
cascades and ultimately causing death. As a cholinotoxic 
substance, AlCl3 alters acetylcholinesterase (AChE), an 
enzyme that catalyses the hydrolysis of acetylcholine into 
choline and acetic acid (Maya et al. 2016). 
Acetylcholine is an important neurotransmitter that plays 
an important role in learning, memory, locomotion, and 
cholinergic neurotransmission (Haam and Yakel 2017). 
Studies have shown that the depletion of acetylcholine is 
responsible for cognitive decline and memory loss (Maurer 
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and Williams 2017). One of the most promising approach-
es for the treatment of AD has been to augment acetylcho-
line and cholinergic neurotransmission in the brain, and as 
such, AChE is currently a therapeutic target in the man-
agement of AD (Santos et al. 2018). Inhibitors of AChE 
(donepezil, tacrine, and rivastigmine) increase the endog-
enous level of acetylcholine and enhance cholinergic 
transmission in the brain, leading to improvements in 
memory and other cognitive functions (Moss 2020). How-
ever, these drugs have severe side effects like nausea, 
diarrhoea, vomiting, decreased appetite, dyspepsia, ano-
rexia, muscle cramps, fatigue, insomnia, dizziness, head-
ache, and asthenia (Ohbe et al. 2018), thus leading to the 
search for natural compounds with antioxidant and AChE 
inhibitory activities. 
Phyllanthus amarus (P. amarus) is a small herb belonging 
to the family Euphorbiaceae (Adedapo et al. 2014). It is a 
plant well known for its medicinal properties and has been 
used traditionally to treat hepatitis, tuberculosis, malaria, 
diabetes, and hypertension (Egbon et al. 2017). The 
leaves of this plant are reported to contain alkaloids, gly-
cosides, tannins, phenols, saponins, and flavonoids (Eno-
gieru and Omoruyi 2022). P. amarus has been reported to 
possess anti-oxidative, anti-inflammatory, and hepatopro-
tective properties (Aparupa et al. 2022). Owing to the im-
plication of oxidative stress and impaired cholinergic 
transmission in several reports and the continuous search 
for therapeutic agents capable of attenuating AlCl3 toxicity, 
this study was designed to investigate the anticholinester-
ase and antioxidant potential of P. amarus in AlCl3-
exposed Drosophila melanogaster (D. melanogaster).  
 
 
MATERIALS AND METHODS 
 
Chemicals 
All chemicals and reagents used in this study were of ana-
lytical grade. AlCl3 (CAS number 7784-13-6) manufactured 
by GHTECH (China) was purchased from Pyrex Chemi-
cals in Benin City, Edo State. Additional chemicals utilised, 
such as acetylthiocholine iodide (CAS number 1866-15-5) 
and 1-chloro-2,4-dinitrobenzene (CDNB) (CAS number 97-
00-7), were purchased from Sigma Aldrich (St. Louis, 
USA). 
 
D. melanogaster Stock and Culture 
Two hundred D. melanogaster (Harwich strain) 3-5 days 
old were obtained from the Drosophila Laboratory of the 
University of Ibadan, Oyo State, Nigeria. The drosophilas 
were reared on a cornmeal medium that contains 1% w/v 
agar, 1% w/v brewer's yeast, 1% w/v powdered milk, 2% 
w/v sucrose, and 0.08% v/w nipagin at room temperature 
(24 °C) under a 12 h dark/light cycle condition at the Dro-
sophila Laboratory of the Central Research Laboratory, 
University of Benin, Benin City. The same strain of D. mel-
anogaster was utilised during the experiment. 
 
 
 

Collection of Plant Material 
Phyllanthus amarus (P. amarus) leaves were collected 
from the agricultural farm of the University of Benin and 
identified at the Department of Plant Biology and Biotech-
nology, University of Benin, Edo State, with herbarium 
number UBH-P347. 
 
Plant Extraction  
Fresh leaves of P. amarus were air-dried, pulverised, 
weighed, and stored in an airtight container. After this, 1kg 
of the powdered leaves was extracted with 1.2 L of distilled 
water for 24 h. The water extract was collected and filtered 
using Whatman filter paper No. 42 (125 mm) and was 
thereafter freeze-dried (LGJ-10, SearchEquipment, UK) to 
obtain a dried powder and transferred to a refrigerator for 
storage (at 4 ℃) before use. 
 
Survival Study 
The study was approved by the Research Ethics Commit-
tee, College of Medical Sciences, University of Benin, with 
approval number CMS/REC/2023/356. To determine an 
appropriate dose of P. amarus for this study and the effect 
of AlCl3 toxicity on the survival rate of drosophilas, a 21-
day survival study was carried out. Drosophilas (3–5 days 
old) were shared into three groups (containing 50 dro-
sophilas each), and each group was treated with 40 mM 
AlCl3, 2.5 mg, and 5 mg of P. amarus, respectively, via 
their diet for 21 days. The drosophilas were observed daily 
for mortality, and the survival rate was determined by 
counting the number of dead drosophilas during the 21-
day period (Abolaji et al. 2014). The data were subse-
quently analysed and plotted as a percentage of survival 
after the treatment period. The data obtained from the sur-
vival studies primed the choice of the 2.5 mg diet concen-
tration of P. amarus used for the study. 
 
Experimental Layout 
D. melanogaster (both genders) were shared into 4 
groups, with 50 drosophilas per group. The control group 
was reared on a cornmeal diet, while the AlCl3 group was 
treated with 40 mM of AlCl3 via their diet. The P. amarus 
group was treated with 2.5 mg of P. amarus, while the co-
treatment group was co-treated with 40 mM AlCl3 and 2.5 
mg of P. amarus via their diet. The concentration of AlCl3 

utilised was based on previous studies on aluminium tox-
icity in D. melanogaster (Wu et al. 2012; Adedayo et al. 
2020). These drosophilas were treated at room tempera-
ture (24 ℃) for seven days. Each experiment was carried 
out in five replicates (n = 5). 
  
Negative Geotaxis Assay 
This assay was used to determine the locomotor activity of 
drosophila and was carried out as previously reported 
(Abolaji et al. 2018). Briefly, ten drosophilas from each 
group were immobilised under ice anaesthesia. They were 
subsequently placed separately in labelled vertical glass 
columns (length 15 cm; diameter 1.5 cm). After the recov-
ery from the ice exposure, the bottom of the column was 
gently tapped, and the drosophilas were allowed to climb. 
The number of drosophilas that climbed up to and above 
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the 6 cm mark of the column in 6 sec, as well as those that 
remained below this mark after this time, was recorded. 
The scores represent the mean of the number of drosophi-
las at the top expressed as a percentage of the total num-
ber of drosophilas. This procedure was repeated three 
times at 1-min intervals. 
 
Preparation of Samples for Biochemical Assays 
At the end of the 7-day experimental period, the drosophi-
las (intact whole body) were homogenised, centrifuged, 
and the supernatants were used for biochemical analysis. 
The drosophilas were first anaesthetized in ice, thereafter 
weighed, and then homogenised in 0.1 M potassium phos-
phate buffer of pH 7.4 (1:10) (Oyetayo et al. 2020). They 
were later centrifuged at 4,000 g for 10 min at 4 °C, and 
the supernatants obtained were used for the following bio-
chemical assays: malondialdehyde (MDA), superoxide 
dismutase (SOD), catalase (CAT), glutathione S-
transferase (GST), and AChE activities. 
 
Determination of Biochemical Indices 
SOD Activity 
SOD activity was determined by monitoring inhibition of the 
autoxidation of quercetin as described by Kostyuk and 
Potapovich (1989). The reaction mixture contained 10 µL 
of the sample, 15% quercetin, 20 mM phosphate buffer 
(pH 7.8), 0.08 mM ethylenediamine-tetraacetic acid 
(EDTA), and 8 mM tetramethylethylenediamine (TEMED). 
The reaction was monitored for 3 min at 406 nm. The re-
sults were expressed as the amount of protein required to 
inhibit quercetin auto-oxidation (μmol/min/mg protein). 
 
Determination of CAT Activity 
CAT activity was determined following the method of Aebi 
(1984) by mixing 10 μL of sample (1:50 dilution) with 50 
mM potassium phosphate buffer (pH 7.0), followed by 300 
mM hydrogen peroxide (H2O2). The loss in absorbance of 
H2O2 was monitored for 2 min at 240 nm and was subse-
quently used to calculate CAT activity, which was ex-
pressed as μmol of H2O2 consumed per minute per milli-
gram of protein. 
 
Determination of Lipid Peroxidation 
Lipid peroxidation was determined according to the meth-
od of Ohkawa et al. (1979). The mixture contained 40 mL 
of the supernatant, 100 mL of 0.67% thiobarbituric acid, 5 
mL of 10 mM butyl-hydroxytoluene (BHT), 300 mL of 1% 
O-phosphoric acid, and 55 mL of distilled water. This was 
followed by a 45 min incubation time at 90 °C, and the ab-
sorbance was measured at 535 nm. The results were ex-
pressed as µmol of MDA formed per milligram protein. 
 
Determination of AChE Activity 
AChE activity was evaluated following the method de-
scribed by Ellman et al. (1961). The reaction mixture con-
tained 30 mL of the sample, 1 mM DTNB, 0.1 M of potas-
sium phosphate buffer (pH 7.4), and 0.8 mM acetylthiocho-
line. This mixture was monitored for 2 min (at 30-s inter-
vals) at 412 nm. The enzyme activity was then evaluated 

as μmol of acetylthiocholine hydrolysed per min per milli-
gram protein. 
 
Statistical analysis 
Statistical analysis was done using the GraphPad Prism 
7.0 software. The data was presented as the mean ± SEM. 
A one-way analysis of variance (ANOVA) was used to as-
sess the significant differences among multiple groups un-
der various treatments, followed by Turkey's multiple com-
parison post hoc test. P<0.05 was taken as statistically 
significant.  
 
 
RESULTS 
 
Survival Rate of D. melanogaster Exposed to AlCl3 and 
P. amarus 
There was a significant decrease in the survival rate of 
drosophilas exposed to 40 mM of AlCl3 when compared 
with those of the control (p< 0.05). In drosophilas co-
treated with 40 mM of AlCl3 and 2.5mg of P. amarus, there 
was a significant improvement in the survival rate of dro-
sophilas (p< 0.05) when compared with those treated with 
AlCl3 only (Fig. 1). 

✱

✱

 
Fig. 1: Effect of aluminium chloride and P. amarus on survival 
rate of drosophilas. Data is presented as mean ±SEM (n = 5, 50 
drosophilas/vial). * p < 0.05 
 
Effect of AlCl3 and P. amarus on Climbing Activity of D. 
melanogaster (Negative Geotaxis) 
There was a significant reduction (p < 0.05) in climbing/ 
locomotor activity of drosophilas treated with AlCl3 when 
compared with control. However, in drosophilas that were 
concurrently treated with 40 mM of AlCl3 and 2.5 mg of P. 
amarus, there was a significant improvement (p< 0.05) in 
the climbing or locomotor activity when compared with 
drosophilas treated with AlCl3 only (Fig. 2). 
 
Malonaldehyde (MDA) Concentration of D. melano-
gaster Treated with AlCl3 and P. amarus 
There was a significant increase (p < 0.05) in MDA con-
centration in drosophilas treated with AlCl3 only. In dro-
sophilas co-treated with AlCl3 and P. amarus, a significant 
reduction (p<0.05) was observed in MDA concentration 
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when compared to drosophilas that received AlCl3 only 
(Fig. 3).  

✱ ✱

 
Fig. 2: Effect of AlCl3 and P. amarus on climbing activity (negative 
geotaxis). Data is presented as mean ± SEM (n = 5, 50 drosophi-
las/vial). * p < 0.05 

✱✱

 
Fig. 3: Effect of AlCl3 and P. amarus on MDA concentration. Data 
is presented as mean ± SEM (n = 5, 50 drosophilas/vial). * P< 
0.05  
 
 
SOD Activity of D. melanogaster Treated with AlCl3 and 
P. amarus 
There was a significant decrease (p < 0.05) in SOD activity 
in drosophilas treated with AlCl3 only when compared with 
those of the control. A significant increase (p < 0.05) in 
SOD activity was observed in drosophilas that were co-
treated with AlCl3 and P. amarus when compared with 
AlCl3-treated drosophilas only (Fig. 4). 
 
CAT Activity of D. melanogaster Treated with AlCl3 and 
P. amarus. 
AlCl3 significantly decreased (p < 0.05) the CAT activity of 
drosophilas when compared with that of the control. In 
drosophilas treated with AlCl3 and P. amarus, a significant 
improvement (p< 0.05) was observed in CAT activity when 
compared with those treated with AlCl3 only (Fig. 5). 
 
AChE Activity of D. melanogaster Treated with AlCl3 

and P. amarus 
There was a significant increase (p < 0.05) in AChE activity 
in drosophilas treated with 40 mMol of AlCl3 only when 

compared with those of the control. However, in drosophi-
las co-treated with AlCl3 and P. amarus, there was a signif-
icant reduction (p<0.05) in AChE activity when compared 
to drosophilas that were treated with AlCl3 only (Fig. 6). 
 
 

✱ ✱

 
Fig. 4: Effect of AlCl3 and P. amarus on SOD activity. Data is pre-
sented as mean ± SEM (n = 5, 50 drosophilas/vial). * p < 0.05 
 
 

✱
✱

 
Fig. 5: Effect of AlCl3 and P. amarus on CAT activity. Data is pre-
sented as mean ± SEM (n = 5, 50 drosophilas/vial). * p < 0.05  
 
 

✱ ✱

 
Fig. 6: Effect of AlCl3 and P. amarus on AChE activity. Data is 
presented as mean ± SEM (n = 5, 50 drosophilas/vial). * p < 0.05 
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DISCUSSION 
 
Oxidative stress and impaired cholinergic transmission are 
documented mechanisms by which aluminium induces 
neurotoxicity and cognitive dysfunction (Maya et al. 2016). 
This study was designed to investigate the anticholinester-
ase and antioxidant potential of P. amarus on AlCl3-
induced toxicity in Drosophila melanogaster. 
In this study, the effect of AlCl3 and a possible protective 
effect of P. amarus on the survival of drosophilas were in-
vestigated. It was observed that AlCl3 treatment significant-
ly reduced the survival rate of drosophilas, thus confirming 
the harmful and toxic effect of aluminium on the lifespan of 
experimental drosophilas. This negative impact of AlCl3 on 
the survival rate of drosophilas has also been previously 
reported (Kijak et al. 2014; Oboh et al. 2021). The de-
crease in the survival rate induced by AlCl3 in treated dro-
sophilas has previously been attributed to its impairment of 
the cholinergic system and an increase in oxidative stress 
(Oboh et al. 2021). The increase in oxidative stress in 
AlCl3-treated drosophilas (as suggested by an increase in 
MDA concentration) in this study corresponds to an in-
creased susceptibility of the experimental drosophilas to 
oxidative damage and a higher mortality rate. However, P. 
amarus was able to improve the survival rate of drosophi-
las, thus demonstrating its potent neuroprotective activity 
against AlCl3-induced toxicity. 
Negative geotaxis (climbing activity) is a marker of neuro-
degeneration and has also been used in drosophila to ac-
cess neuromuscular functions (Oyetayo et al. 2020). In this 
study, we observed a reduction in climbing activity in AlCl3-
assaulted drosophilas, which further confirms the neuro-
toxicity of aluminium in impairing locomotion. Acetylcholine 
has been reported to play an important role in locomotion 
and motor function (Nascimento et al. 2019). The reduction 
in locomotion observed in AlCl3-assaulted drosophilas in 
this study can be attributed to an increase in AChE activity 
in the AlCl3-assaulted drosophilas. This finding agrees with 
previous studies demonstrating that impaired locomotion is 
linked to AlCl3 treatment (Oyetayo et al. 2020; Inneh and 
Eiya 2023). P. amarus was observed to significantly im-
prove locomotor performance and climbing activity in AlCl3-
treated drosophilas, thus corroborating with a previous 
study (Adedayo et al. 2022). 
Oxidative stress has been implicated in the pathogenesis 
of AD (Simunkova et al. 2019) and is also a well-
documented mechanism by which aluminium induces neu-
rotoxicity and AD. MDA, an indicator of oxidative stress 
and marker of lipid peroxidation (Ayala et al. 2014), was 
evaluated in the experimental drosophilas. It was observed 
that AlCl3 treatment significantly increased MDA concen-
tration in drosophilas, thus confirming previous reports 
(Oboh et al. 2021; Adedayo et al. 2022). The increase in 
MDA concentration by AlCl3 further confirms aluminium’s 
ability to induce oxidative stress, which causes deleterious 
effects in tissues. Aluminium has been reported to stimu-
late an increased production of reactive oxygen species, 
which results in the induction of lipid peroxidation (Abdalla 
et al. 2019). However, following P. amarus co-treatment, 
P. amarus was able to attenuate the increase in MDA con-

centration observed in AlCl3-treated drosophilas only. This 
demonstrates the ability of P. amarus to protect against the 
oxidative stress induced by aluminium, possibly due to its 
antioxidant nature and ability to scavenge free radical spe-
cies, which in turn mitigates lipid peroxidation. 
Accumulating evidence indicates that antioxidant therapy 
is a successful treatment strategy for AD (Collins et al. 
2022). Antioxidants protect cells from oxidative damage by 
neutralising and reducing the insults of excess amounts of 
ROS (Enogieru and Momodu 2021). To investigate the 
antioxidant potential of P. amarus, the activity of SOD and 
CAT was evaluated. SOD and CAT activity were signifi-
cantly inhibited in AlCl3-assaulted drosophilas. This reduc-
tion in SOD and CAT can be attributed to the pro-oxidant 
effect of AlCl3, leading to increased production of ROS 
(Bayliak et al. 2019). SOD catalyses the dismutation of the 
superoxide anion to H2O2, while CAT in turn catalyses the 
conversion of H2O2 into oxygen and water, thus reducing 
the risk associated with oxidative stress-mediated damage. 
The depletion of these endogenous antioxidants by AlCl3 

increased the susceptibility of drosophila to oxidative 
stress and damage. In drosophilas co-treated with AlCl3 

and P. amarus, SOD and CAT activities were observed to 
be significantly improved in experimental drosophilas. The 
increase in these endogenous antioxidants is suggestive 
that P. amarus possesses in vivo anti-oxidant properties, 
which can be attributed to the presence of flavonoids. Fla-
vonoids are reported to be potent ROS scavengers and 
metal chelators (Rodríguez-Arce and Saldías 2021). 
Inhibitors of AChE play an important role in augmenting 
acetylcholine and enhancing cholinergic neurotransmission 
in the brain. They also play a key role in reducing the ag-
gregation of β-amyloid peptides in AD (Liu et al. 2022). To 
investigate the AChE potential of P. amarus, the activity of 
the enzyme AChE among treatment groups was investi-
gated. A significant increase in AChE activity in AlCl3-
assaulted drosophilas was observed when compared with 
that of the control. This is in line with previous studies that 
reported an increase in AChE activity in AlCl3-treated dro-
sophilas (Ogunsuyi et al. 2021; Adedayo et al. 2022; Inneh 
and Eiya 2023) and rats (Wei et al. 2017). Interestingly, in 
this study, drosophilas co-treated with AlCl3 and P. amarus 
demonstrated a reduction in AChE activity when compared 
with drosophilas treated with AlCl3 alone. This finding sug-
gests that P. amarus possesses AChE activity. Since 
AChE inhibition is currently one of the most effective ther-
apeutic strategies for the treatment of AD, P. amarus could 
potentially be of therapeutic benefit in the management of 
AD. Overall, the protective activity of P. amarus against 
AlCl3 toxicity is possibly mediated through its potent anti-
cholinesterase and antioxidant effects. 
 
Conclusion  
This study has demonstrated that P. amarus possesses 
AChE-inhibiting and antioxidant potential and may be use-
ful in enhancing cholinergic transmission and improving 
antioxidant status. These are vital properties needed in the 
development of novel therapeutic agents for the treatment 
and/or management of AlCl3 toxicity and its related disor-
ders. 
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