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ABSTRACT  
The presence of phenolics and flavonoids in fruits and vegetables 
is well recognized for their potent preventative effects against age-
related disorders, mostly owing to their abundant hydroxyl groups. 
This study examined the potential enhancement of neuromuscular 
function and anti-aging effects of a diet supplemented with a 
fraction rich in polyphenols from Terminalia catappa in Drosophila 
melanogaster model.  Three-day-old flies of both sexes were 
supplemented with a diet rich in polyphenols for seven days. Upon 
establishment of the effective doses, an experiment was performed 
to assess the impact of the fraction on the lifespan, antioxidant 
capacity, and the process of aging of the flies. The procedures 
consist of the lifespan determination assay, the behavioral assay, 
and the biochemical assay. The study found that D. melanogaster 
flies that were fed a diet with a phenolics-rich fraction at 
concentrations of 2.0 mg/g and 4.0 mg/g lived longer and emerged 
more often than the control group. Additionally, these flies exhibited 
significantly reduced activity of acetylcholinesterase (AChE). The 
activity of catalase, superoxide dismutase (SOD), and glutathione-
s-transferase (GST) in the experimental flies was also elevated by 
the fraction-supplemented diet in a concentration-dependent 
manner. The phenolics derived from T. catappa, exhibited robust 
biological activities and caused the experiment's discernible 
changes. The fraction strengthened the flies' antioxidant system by 
increasing the activities of several phase II antioxidant enzymes in 
D. melanogaster. The present research provides a better 
understanding of the wider society's viewpoints on the possible use 
of plant-derived natural chemicals to avert aging and age-related 
ailments, thereby enhancing the well-being and standard of living 
for both animals and humans. 
 
Keywords: Antiaging, Antioxidants, Drosophila melanogaster, 
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1. INTRODUCTION 
Aging, a multifaceted phenomenon, commonly manifests as a 
gradual accumulation of molecular alterations over time, leading to 
increased vulnerability to illness and mortality (Li et al., 2023). The 
increasing age of the global population has led to a higher 
occurrence of neurodegenerative diseases, including Alzheimer's 
and Parkinson's, which pose a substantial health concern (Bouvier 
et al., 2022; Bazzani et al., 2022). Mitochondria play a vital role in 
generating reactive oxygen species (ROS) and nitrogen species 
(RNS), which can alter the body's redox status (Bazzani et al., 
2022). The progressive oxidation of macromolecules results in the 
generation of reactive oxygen species (ROS) at levels that exceed 
pathogenic thresholds (Jaafaru et al., 2018). Oxidative stress 
results from this situation results in mitochondrial damage and 

ultimately causes cell death through apoptosis (Bazzani et al., 
2022; Zheng et al., 2023). Studies have shown that the production 
of reactive oxygen species (ROS) and the resulting response to 
oxidative stress are important factors that influence lifespan 
(Vagasi et al., 2019; Abdulwanis et al., 2020; Amorim et al., 2022).  
Environmental and genetic factors impact a multitude of molecular 
pathways and biochemical events that govern the aging process 
(Sharma and Diwan, 22023). The process of aging is characterized 
by a progressive decline in functional capacity and resistance to 
stress. This decline is accompanied by an increased risk of 
developing illnesses and ultimately death (Zhang et al., 2023). The 
consequences are linked to the gradual buildup of stressors that 
are characteristic of the aging process, which results in the gradual 
degradation of biomolecules and consequent disturbance of 
cellular homeostasis (Brandl et al., 2023). Nevertheless, prior 
research has indicated that genetic or dietary modifications 
possess the capacity to prolong the existence of various organisms 
(Yuan et al., 2020; Molon et al., 2020; Jin et al., 2022). This 
suggests that mortality can be delayed via such interventional 
strategies. 
 
Lifespan extension and slowing down the aging process are key 
healthcare concerns in recent years. The natural compounds, a 
collection of structurally diverse phytochemicals are composed of 
considerable potential entities that could address this issue (Herath 
et al., 2021; GomezGarcia and Medina-Franco, 2022). The 
medicinal plant Terminalia catappa, also known as Indian almond, 
is rich in bioactive compounds. In sub-Saharan Africa, T. catappa 
is highly valued for its culinary and medicinal uses (Abdelnaby et 
al., 2022; Saxena et al., 2022). The fruit of the plant is rich in 
bioactive phytochemicals, including bioflavonoids, alkaloids, and 
phenolic acids (Sarkar et al., 2020; Saxena et al., 2022). 
Polyphenolics, the main phytomolecules found in the plant's fruit, 
particularly ripe fruit, have been the major focus of this research. 
Its pharmacological effects have been studied in many model 
organisms, and some researchers have even suggested that it 
could be considered for clinical trials (Xie et al., 2023; Chen et al., 
2023). 
 
Drosophila melanogaster is a widely used model organism in 
biomedical research, specifically in the investigation of genetic 
pathways involved in human diseases (Mishra and Thakur, 2023; 
Mishra et al., 2023; Baenas and Wagner, 2022). The model has 
been widely utilized for biochemical research endeavours. 
Furthermore, the fly model has shown a notable resemblance in 
neurotoxicity to Homo sapiens (humans) (Mohammed et al., 2022; 
Rouka et al., 2022). Scientists utilized the simple brain network of 
the flies to study the antioxidant capabilities of bioactive 

F
u

ll 
L

en
g

th
 R

es
ea

rc
h

 A
rt

ic
le

 

https://dx.doi.org/10.4314/swj.v19i3.5
http://www.scienceworldjournal.org/
mailto:%20ugXXXXXXXX@gmail.com


Science World Journal Vol. 19(No 3) 2024   https://dx.doi.org/10.4314/swj.v19i3.5 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 The phenolic-rich fraction of Terminalia catappa modulated antioxidant 
indicators and enhanced Drosophila melanogaster's lifespan. 

618 

compounds that could potentially provide neuroprotective benefits 
(Deolankar et al., 2023). The fly model is highly effective in 
unraveling the mysteries of life at a molecular level and assessing 
the efficacy of possible therapeutic drugs (Luna et al., 2021). The 
goal of the present study was to assess the anti-aging ability of a 
phenolic-rich fraction from T. catappa ripped fruit and its capacity 
to prolong D. melanogaster's lifespan. 
 
2.0 MATERIALS AND METHODS 
 
2.1 Sample collection and preparation. 
A sample of mature fruit from T. catappa was obtained from the 
Kaduna metropolis in Nigeria, which was identified with the 
Boucher number K6615 by a botanist.  A stainless-steel blender 
was used to pulverize the pulp sections of the fruit into finely 
powdered particles after drying. The powdered sample was 
immersed in ethanol for 72 hours and filtered using Wattman paper. 
The filtrate was evaporated using a rotary evaporator until it was 
completely dried up. The resulting product had a yield of 8.2% w/w 
and was stored in the refrigerator until it was required. 
 
2.2 Diet formulation and culture of the flies 
The Harwich strain of Drosophila melanogaster was graciously 
provided by the College of Medicine, University of Ibadan, Nigeria. 
The flies model, which was initially obtained from the National 
Species Stock Centre in Bowling Green, Ohio, USA, was cultivated 
in the Drosophila Research Laboratory, Kaduna State University. 
The flies were kept at a consistent temperature of 24 ± 2 °C and a 
relative humidity of 60 – 70% over a 12-hour cycle of light and 
darkness. Their food included cornmeal with the following 
concentrations: 0.08% w/v methylparaben, 1% w/v agar–agar, 1% 
w/v brewer’s yeast, and 2% w/v sucrose. 
 
2.3 Experimental Plan  
Male and female flies, aged two to three days, were categorized 
into three separate groups: a control group (fed a diet without the 
fraction), treatment group 1 (fed a diet containing 2.0 mg of the 
phenol-rich fraction per gram of diet), and treatment group 2 (fed a 
diet containing 4.0 mg of the phenol-rich fraction per gram of diet). 
The two doses were identified as the most efficacious 
concentrations of the fractions. The experiment was conducted in 
triplicates with each vial comprised of 100 flies, which were fed for 
seven days. 
 
2.4 Behavioural Assays 
 
2.4.1 Longevity Assay 
To determine the effect of the phenolic-rich fraction on the longevity 
of experimental D. melanogaster, 100 flies contained in a vial were 
treated in triplicate for seven days at concentrations of 2.0 and 4.0 
mg/g, with or without the fraction. The flies' daily mortality was 
monitored and documented throughout seventy-seven (77) days, 
and the GraphPad Prism analysis of the survival rate was detailed 
in the results section. 
 
2.4.2 Climbing Assay 
The negative geotaxis assay, as described by (Nichols et al., 
2012). with some modifications, was employed to evaluate the 
locomotor activity of D. melanogaster that was fed the fraction-
supplemented diet. Twenty flies from each vial were selected and 
subjected to a graduated column measuring 15 cm in height and 

1.5 cm in diameter following ice-based anesthesia. The flies' 
strength was measured by climbing a threshold of 8 cm height. The 
number of flies that crossed the threshold and the number of flies 
that remained at the bottom within 8 seconds were both recorded. 
The data were analyzed and presented in the result section. 
Meanwhile, the whole process was repeated three times per vial 
with a one-minute interval between readings. 
 
2.4.3 Determination of flies’ progeny rate of emergence. 
The emergence rate of flies' progeny in the treatment group 
supplemented with a phenolic-rich fraction was assessed following 
the methodology specified in (Arias, 2008). 
 
2.5 Bioassay of aging and antioxidant markers in Drosophila 
melanogaster 
 
2.5.1 Quantification of acetylcholinesterase enzymatic activity 
The measurement of AChE activity was carried out using the 
procedure outlined by (Worek et al., 1999) with some modifications. 
Summarily, a reaction mixture consisting of 135 µL of deionized 
water, 20 µL of 100 mM potassium phosphate buffer (pH 7.4), 20 
µL of 10 mM DTNB, 5 µL of homogenate sample, and 20 µL of 8 
mM ACh substrate was vigorously shaken. The enzymatic function 
of acetylcholinesterase was monitored using a UV/visible 
spectrophotometer for 5 minutes, with measurements taken at 15-
second intervals, specifically at a wavelength of 412 nm. The 
obtained results were adjusted utilizing protein content by 
computation with blank and sample blank. 
 
2.5.2 Quantification of catalase activity 
The catalase activity was measured using a modified method 
described by (Vives-Bauza et al., 2007). The reaction vessel 
consists of 1800 µL of a 50 mM phosphate buffer (pH 7.0), 20 µL 
of a homogenate sample diluted at a ratio of 1:50, and 180 µL of a 
300 mM hydrogen peroxide (H2O2) substrate. The substrate's 
disappearance was observed over 2 minutes, with measurements 
taken every 10 seconds using a UV/visible spectrophotometer set 
to a wavelength of 240 nm. The results were quantified as the 
micromoles of H2O2 used per minute per milligram of protein. 
 
2.5.3 Quantification of superoxide dismutase (SOD) activity 
The superoxide dismutase (SOD) activity was assessed using the 
procedures described in (Vives-Bauza et al., 2007), with minor 
adjustments. This involved measuring the reduction in nitrite 
production over 40 minutes at a temperature of 37 °C. The test 
depended on SOD's suppression of the production of nitrite from 
hydroxyl ammonium when O2 generators were present. The activity 
was quantified using spectrophotometry at a wavelength of 550 
nm. The findings were then expressed as the enzyme's activity per 
milligram of protein. 
 
2.5.4 Quantification of glutathione-s-transferase activity 
The activity of glutathione-s-transferase was evaluated by closely 
monitoring the rise in absorbance at a wavelength of 340 nm 
according to the method described by (Prohaska, 1980) 50 µL of 
the material was introduced into a tube that already contained 20 
µM of both 1-chloro-2,4-dinitrobenzene (CDNB) and a reduced 
version of glutathione. The optical density was measured at a 
wavelength of 406 nm for three minutes. The outcome was 
reported as the amount of protein required to prevent fifty percent 
of the quercetin auto-oxidation. 
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2.6 Statistical Analysis  
Mean ± SD was used in reporting the present findings, following 
the conduction of statistical analysis on version 9.5.1 of GraphPad 
Prism using analysis of variance (ANOVA) and Tukey post hoc test.  
The observed discrepancies in the outcomes were deemed 
statistically significant (p < 0.05) with a 95% level of confidence. 
The experiments were carried out in triplicates (n = 3). 
 
3. RESULTS 
 
3.1 Phenolic-rich fraction modulates lifespan of D. 
Melanogaster 
In comparison to the control group, which only received a regular 
diet (without a fraction), administering the phenolic-rich fraction of 
T. catappa over thirty days resulted in a considerable extension of 
D. melanogaster's lifespan. The impact was dependent on the 
concentration, as the flies that were fed a 4.0 mg/g fraction rich in 
phenolics showed a higher lifespan extension compared to those 
that received 2.0 mg of the fraction. Nevertheless, the disparity 
between the two doses was not significant, as seen in Figure 1. 
 

 
Figure 1: shows the impact of a diet-supplemented phenolics-rich 
fraction of T. catappa on the lifespan of D. Melanogaster. The 
studies were done in three biological and experimental replicates 
(n=3). 
 
3.2 Phenolics-rich fraction influences locomotor function and 
emergence rate of D. melanogaster. 
Figure 2 illustrates the impact of a diet supplemented with phenolic-
rich fractions on the flies' emergence rate and locomotor activity. 
When added to the diet at both concentrations (2.0 and 4.0 mg 
fraction/g diet), the phenolic-rich fraction greatly increased the 
number of new flies compared to the control groups (p < 0.05). The 
observed results showed a dose-dependent pattern, with a 
concentration of 4.0 mg/g having a greater effect than 2.0 mg/g, as 
shown in Figure 2a. Additionally, the flies fed with the phenolic 
fraction at 4.0 mg/g of diet showed a considerable increase in their 
locomotor activity (Figure 2b). The flies' locomotor activity also 
experienced a dose-dependent increase, as evidenced by the 
comparison. 
 

 
Figure 2: Illustration of the impact of a diet-supplemented fraction 
rich in phenolics from T. catappa on the rate of flies’ emergence (a) 
and locomotor function (b) of D. melanogaster. The result for the 
emergence rate was presented as the percentage pupation of new 
flies fed with and without the fraction. The locomotor function was 
presented as the mean ± SD of the number of flies that crossed a 
threshold mark during the experiment. The studies were done in 
three biological and experimental replicates (n = 3). The observed 
differences in the outcomes were deemed to be statistically 
significant (p < 0.05) with a confidence level of 95%. 
 
3.3 Phenolics-rich fraction regulates age-related enzyme 
activities in D. melanogaster. 
The fraction's inhibitory effect on the activity of acetylcholinesterase 
in D. melanogaster was further assessed in relation to aging-
related enzymes. Compared to the normal control, only 4.0 mg of 
fraction per gram of diet demonstrated a significant difference (p < 
0.05). (Figure. 3). 

 
Figure 3: Illustration of the impact of a diet supplemented with a 
fraction rich in phenolics from T. catappa on the activity of D. 
melanogaster's acetylcholinesterase. The finding is reported as the 
mean value plus or minus the standard deviation (SD) for the 
enzyme’s activity. The studies were done in three biological and 
experimental replicates (n = 3). The observed disparities in the 
outcomes were deemed to be statistically significant (p < 0.05) at a 
95% level of confidence. 
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3.4 Phenolics-rich fraction regulates antioxidant enzymes’ 
activities in D. melanogaster. 

Figure 4 illustrates the impact of a diet supplemented with a fraction 
rich in phenolics from T. catappa ripped fruit on certain antioxidant 
indicators in D. melanogaster. The fraction at a concentration of 4.0 
mg/g caused a substantial (p < 0.05) increase in catalase activity 
in the flies compared to the normal control group that was fed 
without the fraction. Nevertheless, the activity did not show any 
notable impact when the flies were fed with a 2.0 mg fraction/g of 
diet (Fig. 4a). The findings also indicated a statistically significant 
(p < 0.05) rise in superoxide dismutase (SOD) activity in the flies 
fed with the fraction-supplemented diet, as compared to the flies in 
the normal control group. The two concentrations of the added 
fraction of T. catappa had similar effects on the SOD activity, as 
their averages were not significantly different (Fig. 4b). In the same 
vein, a significant rise (p<0.05) in the GST activity in the flies due 
to the presence of the fraction was noticed. Comparing the two 
concentrations with the normal control revealed a dose-dependent 
effect. The effect of 2.0 mg/g of diet on GST activity was 
significantly lower as compared with 4.0 mg/g of diet (Figure 4c). 
 

 
 

 
Figure 4: Illustration of the impact of a diet supplemented with a 
fraction rich in phenolics from T. catappa on the antioxidant 
enzymes’ activity of D. melanogaster's catalase (a), superoxide 

dismutase (b) and glutathione-s-transferase (c). The findings were 
reported as the mean value plus or minus the standard deviation 
(SD). The studies were done in three biological and experimental 
replicates (n = 3). The observed disparities in the outcomes were 
deemed to be statistically significant (p < 0.05) at a 95% level of 
confidence. 
 
DISCUSSION  
Researchers have studied the impact of different flavonoids and 
polyphenols on increasing longevity, improving health, and 
reducing age-related diseases using the Drosophila melanogaster 
model (Gua et al., 2019; Panchenko et al., 2019; Wang et al., 
2020). Nevertheless, the precise influence of phenolics on lifespan, 
oxidative balance, and age-related diseases has yet to be fully 
understood. Phenolics have shown many health advantages in 
different model species (Chen et al., 2023; Zhang et al., 2023). 
Oxidative stress has been identified as a contributing factor to the 
aging process and the onset of many age-related illnesses 
(Kristiani and Kim, 2023). Oxidative stress is defined as an 
imbalance between the production of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS), and the capacity of the 
cellular antioxidant defense system to neutralize these substances 
(Korovesis et al., 2023). This situation occurs when reactive 
oxygen species or reactive nitrogen species levels increase or 
decrease antioxidant capability (Korovesis et al., 2023). 
Concurrently, the harmful effects on lipids, proteins, and DNA in 
many tissues impact the process of aging (Adeyemi et al., 2016). 
The inclusion of phenolic fraction in the diet has been 
demonstrated to increase the lifespan of flies in comparison to 
those that do not receive the fraction, as indicated by the results of 
this study (Figure. 1). The present results are consistent with 
previous research that has shown the life-extending properties of 
phenolics, and other forms of flavonoids found in fruits (Wang et 
al., 2023; Warnsmann et al., 2018; Yang et al., 2021). Vegetables 
and various forms of other fruits, including T. catappa, 
predominantly contain strong bioactive compounds known as 
phenolics and flavonoids (Fagbemi et al., 2022). The hydroxyl 
groups in their aromatic ring structures and the presence of highly 
activated carbon atoms between the two methoxyphenol rings are 
the reasons for the antioxidant properties that have been 
demonstrated (Wang et al., 2020; Fagbemi et al., 2022). 
Conversely, many studies have shown that the cholinergic system 
are important part of how neurodegenerative diseases and aging 
affect the body (Abate et al., 2020; Bamshad et al., 2023). 
Cholinergic cells produce and secrete acetylcholine (ACh), a 
biochemical molecule essential for regulating cholinergic functions 
such as memory, learning, and locomotion (Graur et al., 2023; 
Nascimento et al., 2022). However, acetylcholinesterase (AChE), 
a serine protease enzyme, breaks down acetylcholine into choline 
and acetate, which changes the way cholinergic neurons 
communicate in the brain and spinal cord (Nascimento et al., 
2022). The cholinergic marker enzyme (AChE) is crucial for 
maintaining acetylcholine levels in the cholinergic neurons. When 
the level exceeds the threshold, the enzyme is also responsible for 
acetylcholine degradation in the synaptic cleft. It is highly specific 
to the active state of cholinergic neurons (Taylor et al., 2021). The 
aging process and other neurodegenerative diseases have been 
associated with AChE activities (Lista et al., 2023). 
 
In comparison to the control group, the supplemented diet rich in 
phenolic fractions led to a substantial reduction of AChE activity in 

https://dx.doi.org/10.4314/swj.v19i3.5
http://www.scienceworldjournal.org/


Science World Journal Vol. 19(No 3) 2024   https://dx.doi.org/10.4314/swj.v19i3.5 
www.scienceworldjournal.org 
ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)   
Published by Faculty of Science, Kaduna State University 

 

 The phenolic-rich fraction of Terminalia catappa modulated antioxidant 
indicators and enhanced Drosophila melanogaster's lifespan. 

621 

D. melanogaster (Figure 3a). The effect also modulated the flies' 
climbing activity (Figure 2b), resulting in an improvement in 
neuromuscular strength in the experimental flies. These results are 
in accordance with prior reports on in vitro and in vivo findings 
(Tallini et al., 2023; Durmaz et al., 2022; Amirahmadi et al., 2021; 
Cardoso et al., 2020; Ferreira et al., 2020). Therefore, the decrease 
in AChE activity after dietary phenolics supplementation in our 
study could lead to a rise in acetylcholine levels in the synaptic cleft, 
which would then make cholinergic neurotransmission more 
effective in the flies. The present study illustrates that the 
antioxidant status of D. melanogaster is also improved by the 
incorporation of phenolic-rich fractions in the diet, as seen in Figure 
4. The antioxidative properties of phenolics, flavonoids, and other 
significant phytochemicals have been demonstrated in numerous 
studies (Muflihah et al., 2021; Pauliuc et al., 2020; Jaafaru et al., 
2018; Qiu et al., 2023). One way that living things protect 
themselves from the harmful effects of reactive oxygen and 
nitrogen species (ROS and RNS) is by increasing the activity of 
different markers, including catalase, superoxide dismutase (SOD), 
and glutathione-s-transferase enzymes (Saxena et al., 2022; Yang 
et al., 2021; Forman and Zhang, 2021). Superoxide dismutase 
(SOD) facilitates the conversion of superoxide ions into less 
hazardous compounds, which catalase catalytic activity 
subsequently converts to water (He et al., 2021). Numerous reports 
have detailed the importance of this mechanism in the lifespan of 
D. melanogaster (He et al., 2021; Liu, 2022; Jaafaru et al., 2024). 
The genome of D. melanogaster contains four regions that can 
suppress the activity of SOD and catalase, as well as individual, 
isolated regions that exhibit the ability to enhance their respective 
activities (Deepashree et al., 2022; Abolaji et al., 2020). Currently, 
feeding D. melanogaster the phenolic-rich fraction significantly 
alters the activities of SOD and catalase compared to the control 
group (Figures 4a and 4b). Our findings align with the findings of 
(Semaniuk et al., 2022), which showed an increase in SOD and 
catalase activities in fruit flies fed polyphenolic (curcumin) 
compared to those fed the control diet. Glutathione-s-transferase 
(GST) is an additional significant antioxidant marker. Cysteine-rich 
domains distinguish it from the other members of the phase II group 
of multifunctional enzymes (Potega, 2022). The ability of GST to 
speed up the conjugation of glutathione (GSH) with electrophilic 
molecules is a key step in getting rid of xenobiotics, which are 
chemicals that can harm living things' redox balance (Potega, 
2022). The present results illustrated the beneficial impact of the 
phenolic-rich fraction on GST activities in flies that were fed the 
fraction in comparison to the control group. Curcumin substantially 
enhanced the activity of GST, even in a noxious environment. It 
also counteracts the detrimental impact of the ecotoxic agent, 
which modifies the redox status of an organism (Semaniuk et al., 
2022). 
 
Conclusion 
The collective findings suggest that the aging process in flies is 
slowed by the fraction rich in phenolic compounds. As evidenced 
by the observed increase in the activities of certain phase II 
antioxidant enzymes, the anti-aging and lifespan extension ability 
of phenolic-rich fraction is hypothesized to be due to its 
antioxidative properties. This is supported by the subsequent 
reduction in acetylcholinesterase's (AChE) activity and modulation 
of the internal antioxidant marker enzymes’ activities in D. 
melanogaster. Consequently, the phenolics-rich fraction from T. 
catappa could be regarded as a promising anti-aging intervention 

and may offer protection for the nervous system and 
neuromuscular disorders implicated in oxidative stress, including 
but not limited to Parkinson's and Alzheimer's diseases. 
Additionally, the results of the present study offer further evidence 
that Drosophila melanogaster is a valuable model organism for the 
investigation of potential newly discovered therapeutics that could 
improve the quality of life in the aged population. 
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