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ANANAS SATIVA INCREASES LONGEVITY THROUGH OXIDATIVE STRESS RESISTANCE IN
DROSOPHILA MELANOGASTER
Ajagun-Ogunleye M.O1,2
1

2

Department of Biochemistry, Kampala International University-Western Campus Uganda.
Institute of Biomedical Research, Kampala International University-Western Campus, Uganda.
Author’s E-mail: mulkah.olufemi@kiu.ac.ug

D
E

Article History
Received: March. 07, 2018
Revised Received: May. 03, 2018.
Accepted: May, 03. 2018
Published Online: May. 31, 2018

T
C

Abstract

Background: Ageing is the major risk factor for most non-communicable diseases. It occurs as a result of free radical
damage to macromolecules in the cell, coupled with environmental stress assaults. In the quest to identify new anti-ageing
bioactive compounds from natural products, and despite the therapeutic values of Ananas sativa, its anti-ageing activity has
not been fully elucidated. Therefore, the aim of this study was to screen the crude, methanol fruit extract of Ananas sativa
(MEAS) and its fractions, for anti-ageing bioactivity in the fruit fly, Drosophila melanogaster w1118 wild type flies.
Materials and Methods: Flies reared on food supplemented with 5, 10, and 20mg/ml fruit pulp and juice extract were
assayed for longevity, fertility and stress resistance according to established protocols. Phytochemical composition and
scavenging activity of extract on 2,2-diphenyl-1-picrylhydrazyl free radical (DPPH) were equally evaluated. The crude
extract anti-ageing activity was assayed through a successive bioassay-guided fractionation approach, with different
extraction solvents; n-Hexane, Chloroform, Ethyl acetate and Acetone.
Results: There was a dose-dependent effect of the fruit extract on lifespan, fertility and oxidative stress resistance, with a
unique information on the anti-ageing bioactivity of Ananas sativa. The IC50 values of the fruit extract and Ascorbic acid
positive control in the free radical scavenging activity were 248.15µg/ml and 81.51µg/ml respectively. However, the
bioactive fraction obtained from the Ethylacetate fraction F1, did not exhibit oxidative stress resistant effect in the model
organism.
Conclusion: The methanol fruit extract of Ananas sativa possesses anti-ageing bioactivity through oxidative stress
resistance.
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Introduction
Ageing is a gradual loss in biological function at the cellular, tissue and organ levels (Lopez-Otın et al., 2013). As
a result of its complex nature, it remains one of the most deliberated concepts. There are many factors that affect the ageing
process, these factors include genetic, environmental, nutrition, cellular redox status, among others. Experimental
aggravation of any of these factors could accelerate the process, while an experimental amelioration of any of these factors
could slow down the on-set of ageing (Lopez-Otın et al., 2013). Ageing is the major risk factor for diversity of noncommunicable diseases such as diabetes, cancer, cardiovascular disorders, and neurodegenerative disorders. The role of
nutrition in ageing is still an emerging area of research interest.
Nutrition and exogenous antioxidants from fruits and vegetables play very important role in ageing. However,
despite the well documented nutritional and medicinal value of Ananas sativa (Pineapple pulp and juice), its possible role
in anti-ageing is yet to be fully elucidated. Ananas which belong to the Bromeliaceae family, is the third most abundant
fruit crop in the tropical region of the world (Lu et al., 2014). It is highly valued for its sweet taste and aroma. It is a very
good source of antioxidants, vitamins and minerals which are essential for normal metabolic cellular processes. It consists
of a proteolytic enzyme complex called Bromelain. Bromelain is a potent bioactive compound in pineapple fruit and stem,
which has been reported to have variety of medicinal and therapeutic importance (Taussig and Stanley, 1988).
Furthermore, the synergistic effect of the phytochemicals found in pineapple endorses the plant to be effective in
cancer and cardiovascular diseases prevention (Liu, 2003; Rui Hai Lu, 2004). Antioxidants are molecules which enhance
the scavenging of free radicals produced inevitably within the cells, these are essential components of the fruit. The activity
of endogenous antioxidant enzymes such as catalase, superoxide dismutase, glutathione peroxidases have been shown to be
increased with regular consumption of exogenous antioxidants, and this may play a very crucial role in the ageing process
(Guerra-Araiza et al., 2013). The mechanism of action of these endogenous antioxidant enzymes, are highly enhanced by
coenzymes and cofactors, most of which are obtained from the minerals and vitamins in fruits and vegetables. Some of
these minerals and vitamins such an manganese, copper, magnesium, iron, selenium, zinc and ascorbic acid are nutritional
components of Ananas (Ancos et al., 2017).
Other parts of the fruit, such as the pineapple peel, has also been shown to possess medicinal and pharmacological
activities, such as antibacterial activities (Lawal et al.,2013). The peel is equally rich in phytochemicals such as flavonoids,
tannins, terpenoids, alkaloids, saponin and phytosterols (Lawal, 2013), the phytoconstituents in the fruit of Pineapple could
ameliorate oxidative stress induced damage, such as cancer (Kalaiselvi et al., 2013). Pineapple bromelain has been reported
to be part of the active ingredients in topical formulations in cosmetics and creams of therapeutic importance (Lourenc et
al., 2016). However, the central role of the fruit in ameliorating the process of ageing is still an emerging area of interest.
The Free Radical Theory of Ageing (FRTA) which was proposed by Denham Harman in 1956 is currently the
most widely accepted theory of Ageing. Harman proposed that accumulation of free radical damage to cellular
macromolecules is the major underlying factor of ageing and the major determinant of lifespan (Harman, 1956). The
cumulative damage by free radicals, over time, increases the susceptibility of organisms to diseases and death, which is
accompanied by age advancement (Harman, 1981). Majority of the supporting evidence for the theories of ageing comes
from investigations using model organisms such as Drosophila melanogaster; fruit fly, Caenorhabditis elegans; worms,
and Saccharomyces cerevisiae; yeast. These model organisms have common ageing pathways which makes them suitable
for ageing researches, basically, due to their relatively short lifespan (Pandey and Nichols, 2011). Drosophila melanogaster
has been a wonderful tool in the genetics of ageing and in the discovery of some therapeutic agents. The present study made
use of this simple but powerful model organism to reveal the ability of Ananas sativa fruit extract to increase resistance to
oxidative stress.
In the W.H.O report on ageing and health (2015), recommendations were made on feasible future prospect into
healthy ageing, by focusing on the concept of functional ability, through various approaches of ageing research (Beard et
al., 2015). Therefore, the central aim of this study was to evaluate the anti-ageing bioactivity of the crude methanol fruit
extract of Ananas sativa and its fractions, and the possible process by which they could enhance longevity in a simple
model organism; Drosophila melanogaster.
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Materials and methods
Materials
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Experimental procedure and animal handling were in compliance with standard operating measures. The model
organism used in this study does not have the capability of transmitting infections and diseases whatsoever. They are safe
model organisms for biomedical research. All chemicals and reagents used in this study were of analytical grade from
Sigma-Aldrich and Sigma Zanyo: Methanol, Triton X-100, Catalase from bovine liver (2000-5000 units/mg protein, the
product number C9322-5G, Nipagin (methyl-p-hydroxybenzoate), n-Hexane, Chloroform, Ethyl acetate, Acetone,
Propionic acid, 2, 2-diphenyl-1-picrylhydrazyl (DPPH), L-Ascorbic acid and Paraquat (PQ) (1, 1-dimethyl-4-4bipyridynium dichloride), Thiobarbituric acid, Silica gel powder for column chromatography (0.040-0.063mm) M =
60.08g/mol (Germany).
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Method: Plant Collection, Authentication, Extraction, and Fractionation
Fresh fruits of Ananas sativa were obtained from the western part of Uganda at Bushenyi district. The fruit was
identified as Ananas sativa by a Botanist at Makerere University in Uganda. Accession number of 43344 was assigned to
the fruit which was deposited at the University herbarium. The fresh fruit were extracted according to previously
established protocol (Lu et al., 2014). Briefly, 100g of pineapple fruit pulp was dry blended and extracted in 1000ml of
80% methanol, after sieving using a muslin cloth, extract was concentrated at 40ᵒC using a rotatory evaporator. The crude
extract, a light golden brown concentrate, was stored in an air tight container, wrapped in a foil paper, at 4ᵒC for further
experimental use. The crude extract obtained was 118.92 g (equivalent to a yield of 8.2% w/w; % Yield = (Final weight of
crude extract / original weight) x 100). Methanol was used for extraction due to its wide solubility properties.
After establishing the anti-ageing effect of the crude methanol fruit extract of Ananas in the flies using the
following assays; longevity, oxidative stress resistance, climbing activity, and reproductive performance, the dried
methanol fruit extract (200g) was further subjected to a successive extraction, using different extraction solvents (50%); nHexane, Chloroform, Ethyl acetate, and Acetone. Five resulting fractions were obtained in the following order; n-Hexane
extract, Chloroform extract, Ethyl acetate extract, Acetone extract and the water residue. Extracts were kept at 4ᵒC and their
longevity effect were evaluated. Thereafter, with the aid of a column chromatographic technique, the ethyl acetate fraction,
which gave the highest bioactivity, was further fractionated according to previously described method (Krishnamurthy et
al., 2015). Thirteen (F13) fractions were obtained and subjected to free radical scavenging activity. The most active fraction
from the F1-F13was tested for anti-ageing activity through oxidative stress resistance.
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Fly stock husbandry and Oxidative stress Induction

In the present study, Drosophila melanogaster w1118 (white) strain was used. Virgin males were separated from the
virgin females. Flies were maintained at 25ᵒC under a 12/12 hour light and dark cycle in a digital fly incubator (SPX150A), on a standard culture cornmeal medium and raised at a standard density of 10 flies per fresh food medium changed
twice a week. Each experiment included five replicas and was repeated on three independent occasions.
A day-old synchronized w1118 virgin flies were reared and treated with food supplemented with 0, 5, 10, and 20 mg/ml
methanol fruit extract of Ananas sativa (MEAS) throughout their life. These concentrations were obtained based on
preliminary toxicity studies. Flies were subjected to lifespan, climbing and reproductive performance assays. Heat stress
assay was carried out by subjecting flies to a high temperature of 29ᵒC for 8hrs daily. As for the oxidative stress assay, after
starving flies for 3hrs, oxidative stress was induced according to previously described method (Slack et al., 2010). Briefly,
15mM Paraquat on filter paper impregnated with 5% Sucrose, after fourteen (14) days of pre-treatment with the Ananas
sativa fruit extract. Paraquat (PQ) oxidative stress was induced within a period of 3hrs for 24 to 96hrs (Jahromi et al.,
2013). Dietary Stress was induced by rearing flies in a poor protein diet; 1% yeast w/v, food containing protein at a
concentration of 1%, the inactive yeast used as a source of protein was prepared according to previously described method
(Burger et al., 2010).
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Lifespan, Climbing and Fertility assays

Longevity, climbing, and reproductive performance assays were carried out with advancement in age according to
established procedures (Kinghorn et al., 2015). Rate of survival was evaluated by a daily counting of live flies until all the
flies have died. Climbing performance of flies was carried out with the aid of a negative geotaxis assay. The climbing
activity of flies exposed to PQ was carried out after 24hr of exposure (Jahromi et al., 2013). Survival analysis data were
presented as cumulative survival curves and analyzed using log rank tests. Percentage (%) Increase in mean survival time =
(T/C-1) X 100, where T is the mean survival time of treatment group and C is the mean survival time of control group. As
for the reproductive performance assay or fertility assay, briefly, ten (10) females were housed with ten (10) males for each
of the treatment groups and they were allowed to mate for ten days. After day ten, all the adults (parents) were removed
from the vials. Thereafter, the number of offsprings that emerged from the eggs laid by the adult females were counted and
recorded every 24hrs for ten days. The mean number that emerged for the ten days gave a measure of the reproductive
performance.

R

Biochemical assays: Catalase activity and Lipid peroxidation assay
The whole body of forty (40) flies per group were rendered motionless by chilling them on ice, they were
manually grounded and homogenized in ice cold phosphate buffer saline 2 mL (0.1 M, pH 7.4), centrifuged at 2,500g for
10 min at 4ᵒC, supernatant was filtered, resulting homogenate was kept at 4ᵒC for the biochemical assay. In-vivo catalase
activity was measured as previously described by Iwase et al (2013). Catalase activity unit is defined as the number of
micromoles of hydrogen peroxide decomposed per unit time. Lipid peroxidation reaction was assayed using the previously
established protocol (Ohkawa et al., 1979), absorbance of lipid peroxidation product; malondialdehyde (MDA) produced
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was measured at 532 nm. The concentration of protein in the homogenates of flies were measured using the standard
protocol of Lowry et al (Lowry et al., 1951) and bovine serum albumin was used as a standard.
Qualitative Phytochemical screening and in vitro Free radical scavenging activity
Phytochemical screening of MEAS and its five fractions were carried out according to standard established
procedures. Extract was prepared in concentrations of 10, 20, 50 100, and 200µg/ml, and the free radical scavenging
activity of the varying concentrations was measured using 2, 2-diphenyl-1-picrylhydrazyl DPPH (Kanti et al., 2015).
Absorbance was measured at 517nm with a UV-VIS spectrophotometer (Spectronic 21D, Milton Roy). Ascorbic acid was
used as a positive control. The percentage inhibition exerted by the extract on the DPPH free radical was calculated thus; %
DPPH free radical scavenging = (A0 – A1) / A0 x 100.
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Statistical analysis

All experimental data were expressed as mean ± standard deviation (SD), with the aid of Graph Pad Prism version
6 Statistical software. Survival analysis was carried out with log rank tests. Significant differences were analyzed using
one-way or two-way ANOVA with Dunnet’s and Turkey’s post hoc or multiple comparison tests. The DPPH free radical
scavenging activity was analyzed using a linear regression, and the results obtained were considered as statistically
significant if p < 0.05.
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Results and Discussion
Ananas sativa supplementation increases lifespan and fertility.

In order to test the anti-ageing effect of MEAS, Drosophila melanogaster Wild type virgin flies were exposed to
different concentrations of the fruit extract. There was a concentration dependent effect of the extract on longevity and
fertility (Fig. 1), with the most effective concentration being the 20mg/ml. The percentage increase in the mean survival
time of the male and female flies were 5, 3, and 11% and 3, 11, and 20% respectively. That of the offspring was 8, 8 and
15% relative to control (Table 1). Climbing activity with age, which is a marker of health span, was also enhanced by the
extract, (Suppl. Fig1). The lifespan extending effect of Ananas could be due to its antioxidant value, and its ability to
increase oxidative stress resistance through various nutritional pathways as previously shown with other plant products, as
in the mechanism of lifespan extension by Rapamycin in fruit flies (Bjedov et al., 2010). Pineapple could have enhanced
longevity in the model organism, due to its nutritive constituents, certain nutrients such as carbohydrates, proteins, minerals
and vitamins have been shown to play significant roles in longevity of organisms (Lee et al., 2015). The role of diet and
nutrition in longevity has equally been shown in variety of model organisms including Drosophila melanogaster (Fontana
and Partridge, 2015). Furthermore, Resveratrol, the plant polyphenol found in grape berry skin has been shown to increase
lifespan in the same model organism (Bass et al., 2007), the same phenomenon same goes for Pomegranate juice and
Bacopa monnieri, whose phytoconstituents have been shown to regulate cellular oxidative stress in Drosophila
(Balasubramani et al., 2014; Subramanian et al., 2014). The mechanism by which the reported plant products enhances
longevity is in their modulation of oxidative stress and their role in acting as dietary restriction mimetic in the nutrient
sensing pathways (Wang et al., 2012).
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Figure 1: Effects of Ananas sativa on longevity and fertility
(A) The Survival of male flies showed a significant effect only in the 20mg/ml group (P < 0.0384) and (B) female fies
showed significant effect in the 10 and 20mg/ml group relative to control (P < 0.0229 and 0.0006). (C) The health span
promoting effect of Ananas sativa fruit extract was evident by a significant increase in the number of offspring produced
per 24hr, only the 10 and 20mg/ml gave a significant high effect (P < 0.001 and 0.009).as evaluated by ANOVA, Dunnet’s
test. (D) The effect of the extract on the lifespan of the offspring produced, equally showed a significant increase with
respect to the control in the 20mg/ml group (P < 0.005).
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Table 1: Percentage increase in mean survival time of Ananas treated flies. There was an increase in mean survival
time of the Ananas treated male flies by 5, 13 and 11%, and of the females by 3, 11 and 20% respectively. In the dietary
stress assay, the lifespan of the offspring increased by 8, 8, and 15% respectively. The lifespan of the mothers subjected to
reproductive performance assay increased by -9, 9 and 18% all with respect to the concentration of extract at 5, 10 and
20mg/ml respectively. The F1 fraction did not cause an increase in oxidative stress resistance in the flies MST = 0%.
Treatment group
% Increase in Mean Survival time
5 mg/ml
10 mg/ml
20 mg/ml
Males
5
3
11
Females
3
11
20
Offspring
8
8
15
Mothers
-9
9
18
F1 (2mg/ml)= 0%

R

Ananas sativa supplementation increases resistance to oxidative stress
Environmental factors such as pollutants, contaminants, UV radiation, chemical exposure, and neurotoxin like
Paraquat could lead to generation of free radical induced damage, which is the front liner in the etiology of human diseases,
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phytoconstituents from fruits and vegetables has been shown to ameliorate this effect (Menezes et al., 2014) as well as
ageing (Ziegler et al.,2015). In order to test the protective effect of MEAS on oxidative stress, flies were exposed to
Paraquat-induced oxidative stress, heat stress and dietary stress (1% Protein diet). However, treatment with different
concentrations of MEAS resulted in an increase in lifespan through resistance to oxidative stress (Fig. 2). Also shown in the
present study was the significant ameliorative effect of the extract on climbing performance of flies as age progressed,
(Suppl Fig. 1) and an increase in resistance to heat and dietary stress (Fig. 2). Therefore, the present study suggests a
protective antioxidative and nutritive effect of MEAS in ameliorating accelerated ageing induced by stress and its ability to
increase oxidative stress resistance. The characteristics of most anti-ageing compounds is stress resistance enhancement,
they usually have the ability to increase longevity through oxidative stress resistant pathways (Kregel and Zhang, 2007). In
addition, phytochemicals from fruits and vegetables, primarily activate a mild to moderate oxidative stress in cells so as to
stimulate a beneficial effect within the cell, however, this is still an area of scientific deliberation (Bjørklund and
Chirumbolo, 2017).
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Figure 2: Effects of Ananas sativa on Heat stress and Dietary stress
(A and B)There was a significant increase in heat stress resistance as evident by the increase in lifespan of treated flies
relative to control in the 20mg/ml group of male and female flies. (C) The rate of egg laying during exposure to poor
protein diet (1% protein) was ameliorated significantly in the 20mg/ml group. (D) The longevity of the mothers who
produced the eggs, in the same poor protein diet was equally improved with respect to the control group, as evaluated by
two-way ANOVA, Tukey’s post hoc test (P < 0.0001).
Ananas sativa modulates endogenous antioxidant defense mechanism
In order to understand the mechanism by which Ananas ameliorates oxidative stress, the effect of the extract on
endogenous lipid peroxidation and catalase activity were measured, as lipid peroxidation product, malondialdehyde, MDA
is a biomarker of oxidative stress. Flies exposed to Paraquat and treated with the extract exhibited a significant reduction in
malondialdehyde production in their homogenates which is a modulation of lipid peroxidation (Fig. 3). This modulatory
effect observed could be as a result of the presence of vitamins and minerals which act as cofactors for antioxidant
enzymes.
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Polyphenolic compounds and flavonoids in the in the fruit could also have contributed to its modulation of
oxidative stress and enhancement of endogenous antioxidant enzyme activities, as previously reported, that pineapple is
able to prevent free radical induced diseases due to the synergistic action of the fruit antioxidants (Liu, 2004),
inflammation, which is peculiar to oxidative stress response, have also been shown to be ameliorated due to the bioactive
constituent of pineapple; bromelain. Bromelain has anti-inflammatory properties ( Maurer 2001; Manzoor et al., 2016).
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Figure 3: Effects of Ananas sativa on Oxidative stress resistance
(A) There was a significant effect of the 20mg/ml extract on oxidative stress resistance after exposure of flies to 15mM
Paraquat (P < 0.0001) (B) and Ananas sativa alleviates Paraquat induced locomotor deficit. Pre-treatment of flies with the
extract exerted a significant improvement in the locomotor activity of the 20mg/ml group compared to the Paraquat
oxidative stress group (p < 0.0001). (C) There was a significant decrease in MDA levels of treated flies when compared to
the Paraquat group (D) Catalase activity in fly homogenates equally revealed the ability of extracts to alleviate the effect of
Paraquat induced oxidative stress and its modulatory effect showed a significant increase in oxidative stress resistance in fly
homogenate samples.
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Ananas sativa Ethylacetate fraction F1 did not increase resistance to oxidative stress
The bioassay guided fractionation was adopted at each time point to identify the fraction of Ananas sativa which
may be responsible for its longevity effect, The Ethylacetate fraction gave the most significant mean survival time of flies
and also gave the highest free radical scavenging activity effect (Table 1) (Fig. 4A and B), and there was equally an
increase in resistance to oxidative stress by the fraction (Fig. 4C). On testing the free radical scavenging activity of the ten
Ethylacetate fractions, the F1 gave the highest free radical scavenging activity against DPPH radical (Suppl. Fig. 1),
therefore the F1 fraction was tested for oxidative stress resistance. There was no significant increase in mean lifespan of
flies treated with the F1 (1 and 2mg/ml) with respect to the Paraquat control group of flies, vitamin E was used as a positive
control (Fig. 4D). Therefore, the protection exhibited by Ananas in scavenging the DPPH free radical may be associated
with its antioxidant components, e.g. flavonoids, phenolic compounds, and tannins as previously suggested that Ananas
exhibits a significant antioxidant and free radical scavenging activity (Jenitha and Anusuya, 2016). However, the present
study has been able to show the anti-ageing bio-activity of the different fractions of the fruit extract.
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Lifespan extending effects of phytochemicals have been reported in previous studies, for instance, flavonoids in blueberry
and tea extracts have been shown to extend lifespan in Drosophila melanogaster (Peng et al., 2012).
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Figure 4: Effects of different fractions of Ananas sativa on longevity and oxidative stress resistance
(A)The Ethylacetate fraction of Ananas increased longevity and (B) gave the highest free radical scavenging activity and
(C) the highest oxidative stress resistance (P < 0.0001) relative to the PQ control (D)The 1 and 2mg/ml F1 of the
Ethylacetate fraction did not increase resistance to Paraquat induced oxidative stress and longevity with respect to Paraquat
control group as evaluated by Dunnet’s multiple comparison test (p = 0.79 and 0.26 respectively).
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Supplementary figure 1: Effect of Ananas sativa on climbing activity as age progressed and the free radical
scavenging activity of fractions
(A)The health span promoting effect of Ananas sativa was apparent by a significant increase in climbing performance with
age when compared to the control in the 20mg/ml group (P < 0.02), other groups had no significant effect, as evaluated by
two-way ANOVA, Dunnet’s test (n = 50 flies per treatment group, p< 0.05). Effects of Ananas sativa ethyl acetate fraction
on DPPH free radical. (B)The Ethyl acetate fraction gave the highest free radical scavenging activity with respect to the
Ascorbic acid control group as evaluated by Tukey’s post hoc test. (P<0.0001).
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DPPH free radical scavenging activity and Phytochemicals present in methanol fruit extract of Ananas sativa and its
fractions
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The free radical scavenging activity of the fruit extract gave a concentration dependent activity. The concentration
at which 50% of the DPPH free radical was inhibited was deduced, as evaluated from a linear regression analysis. The IC50
value of the extract and Ascorbic acid are 81.51 and 248.15 µg/ml. (Table 2).The qualitative phytochemical screening of
the crude methanol fruit extract of Ananas sativa and its fractions, confirmed the presence of an appreciable amount of
phytochemicals in the extract, the following compounds were present in mild and moderate levels; flavonoid, phenolic
compounds, steroid, tannin, alkaloid, reducing sugars, saponin, terpinoid, coumarin, free amino acids and proteins,
however, there were no traces of cardiac glycosides and anthraquinones (Table 3). These finding are in line with previous
studies (Jenitha and Anusuya, 2016).
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Table 2: Percentage inhibition IC50 values of the DPPH free radical scavenging activity of the Crude Ananas sativa
fruit extract and Ascorbic acid. Result revealed a concentration dependent effect. Data are expressed as mean ± SD, n=5.
The IC50 values of the extract and of Ascorbic acid are 248.15µg/ml and 81.51µg/ml respectively.

Sample

R

Ascorbic acid
Ananas sativa
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Concentration (µg/ml), mean ± SD

IC50

20
50
100
200
500
41.20±1.1 65.77±0.7 74.47±0.5 81.40±0.7 86.06±0.4 81.51µg/ml
10.84± 0.4 35.17±0.9 50.87±0.5 60.46±0.5 70.36±0.4 248.15µg/ml

Table 3: Phytochemical screening of the Crude Methanol Fruit Extract of Ananas sativa and its 5 fractions. The
experiment was performed in triplicate and result shows the presence of high concentrations of phenolic compounds,
flavonoids, and moderate amount of steroids which have been reported to possess a substantial potent antioxidant and
cytotoxic effects. Keys: - (Absent), + (Mild), ++ (Moderate), +++ (High).
S/N
1

Phytochemicals

Crude
MetOH

Hexane

Acetone

Water
residue

+++

-

-

+

-

-

+++

-

-

+

-

+

+

-

-

-

-

-

++

-

+

+

-

-

-

-

+

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Chloroform Ethylacetate

3

Flavonoids
Poly phenolic
compounds
Steroids

4

Tannins

5

Alkaloids

+++

-

+

+

6

Reducing sugars

+++

+

+

+

7

Saponin

+++

+

+

-

8

Cardiac glycosides

-

-

-

-

9

Terpenoids

++

-

-

10

Coumarins

+

-

-

11

Free Amino acids

+

-

-

12

Proteins

+

-

-

13

Anthraquinone

-

-

-
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Conclusion
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In summary, the methanol fruit extract of Ananas sativa, Pineapple fruit and pulp, exhibited anti-ageing bioactivity in the model organism; Drosophila melanogaster, by increasing longevity through resistance to stress, by
enhancing the activities of cellular endogenous antioxidant enzyme activity, by enhancing fertility and by increasing
cellular oxidative stress resistance. The fractions equally exhibited appreciable free radical scavenging activities. However,
the supposed anti-ageing bioactive fraction obtained from the Ethylacetate fraction F1, did not exhibit oxidative stress
resistant effect in the model organism. Hence, it could be suggested that Ananas sativa possesses anti-ageing bioactivity.
Further work should be carried out by testing the anti-ageing bioactivity of each of the obtained fraction, isolation and
identification of possible anti-ageing compounds from the fruit extract with other phenotypic features. Other molecular
mechanisms or nutritional pathways, by which the extract exhibits anti-ageing bio-activity should be equally be explored.
Acknowledgements

R

T
E

Sincere gratitude goes to the entire academic fraternity of the Kampala International University Western Campus
in Uganda; Postgraduate Studies and Research Directorate-Western Campus (PGSRD KIU-WC), Biochemistry
Department, Institute of Biomedical Research (IBR; KIU-WC), Sayansi; Research for Development in Africa, Trend in
Africa and DrosAfrica for facilitating several trainings on the use of Drosophila melanogaster in biomedical research.
Conflict of interest: There is no conflict of interest associated with this study.

References
1.
2.
3.

Agnes Jenitha, and Anusuya, A. (2016). Phytochemical screening and in vitro antioxidant activity of Ananas comosus.
International Journal of Research in Pharmacology and Pharmacotherapeutics, 5(2), 162–169.
Ancos, B. De, Moreno, C. S., and Adolfo, G. (2017). Pineapple composition and nutrition. Handbook of Pineapple
Technology: Production, Postharvest Science, Processing and Nutrition (pp. 221–239).
Balasubramani, S. P., Mohan, J., Chatterjee, A., and Patnaik, E. (2014). Pomegranate juice enhances healthy lifespan in
Drosophila melanogaster : an exploratory study. Frontiers in Public Health, 2(December), 1–9.

81

4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.

15.

16.
17.
18.

19.

20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

Bass, T. M., Weinkove, D., Houthoofd, K., Gems, D., and Partridge, L. (2007). Effects of resveratrol on lifespan in
Drosophila melanogaster and Caenorhabditis elegans. Mechanisms of Ageing and Development, 128, 546–552.
Beard, J. R., Officer, A., de Carvalho, I. A., Sadana, R., Pot, A. M., Michel, J.P., Chatterji, S. (2015). The World report on
ageing and health : A policy framework for healthy ageing. The Lancet, (15), 516–4.
Bjedov, I., Toivonen, J. M., Kerr, F., Slack, C., Jacobson, J., Foley, A., and Partridge, L. (2010). Article Mechanisms of
Life Span Extension by Rapamycin in the Fruit Fly Drosophila melanogaster. Cell Metabolism, 11(1), 35–46.
Bjørklund, G., and Chirumbolo, S. (2017). Role of oxidative stress and antioxidants in daily nutritionand human health.
Nutrition, 33, 311–321.
Burger, M. S. J., Buchel, D. S., and Tadeusz, J. K. (2010). Dietary restriction affects lifespan but not cognitive aging in
Drosophila melanogaster. Aging Cell, 6, 327–335.
Fontana, L., and Partridge, L. (2015). Promoting Health and Longevity through Diet : From Model Organisms to Humans.
Cell, 161(1), 106–118.
Guerra-Araiza, C., Á lvarez-Mejía, A. L., Sánchez-Torres, S., Farfan-García, E., Mondragón-Lozano, R., Pinto-Almazán,
R. (2013). Effect of natural exogenous antioxidants on aging and on neurodegenerative diseases. Free Radical Research,
47(52), 451–462.
Harman, D. (1956). Aging: a theory based on free radical and radiation chemistry. Journal of Gerontology, 11(3), 298–300.
Harman, D. (1981). The aging process. Proceedings of the National Academy of Sciences. USA, 78(11), 7124–8.
Iwase, T., Tajima, A., Sugimoto, S., Okuda, K., Hironaka, I., and Kamata, Y. (2013). A Simple Assay for Measuring
Catalase Activity : A Visual Approach. Scientific Reports, 3–6.
Jahromi, S. R., Mohammad Haddadi, T. S., and Ramesh, S. R. (2013). Neuroprotective Effect of Decalepis hamiltonii in
Paraquat-Induced Neurotoxicity in Drosophila melanogaster : Biochemical and Behavioral evidences. Neurochemical
research, 38 (12), 2616-2624.
Kalaiselvi, M., Gomathi, D., Ravikumar, G., Devaki, K., and Uma, C. (2013). Ameliorative effect of Ananus comosus peel
on 7, 12 dimethylbenz-anthracene induced mammary carcinogenesis with reference to oxidative stress. Journal of Acute
Disease, 2(1), 22–28.
Kanti, T., Chatterjee, K., and Ghosh, D. (2015). In-vitro antioxidant properties of the hydro-methanol extract of the seeds of
Swietenia mahagoni ( L .) Jacq . Biomarkers and Genomic Medicine, 7, 18–24.
Kinghorn, K. J., Castillo-Quan, J. I., Bartolome, F., Khan, S., Angelova, P. R., Li, L., Partridge, L. (2015). Loss of PLA2G6
leads to elevated mitochondrial lipid peroxidation and mitochondrial dysfunction. BRAIN, (2), 1–16.
Kregel, K. C., and Zhang, H. J. (2007). An integrated view of oxidative stress in aging : basic mechanisms, functional
effects, and pathological considerations. American Journal of Physiology Regulatory Integrated and Complementary
Physiology, 292(August 2006), 18–36.
Krishnamurthy, P. T., Vardarajalu, A., Wadhwani, A., and Patel, V. (2015). Identification and characterization of a potent
anticancer fraction from the leaf extracts of Moringa oleifera L. Indian Journal of Experimental Biology, 53(February), 98–
103.
Lawal, D., Yunusa, I., and Bala, I. (2013). A Study of the phytochemical properties and Synergistic Antibacterial Activity
of Annona comosus (LINN) MERR. Peel and Citrus senensis Peel extract on Aeromonas hydrophila and Salmonella
species. Bayero Journal of Pure and Applied Sciences, 6(1), 40–45.
Lawal D. (2013). Medicinal, Pharmacological and Phytochemical potentials of Ananas sativaLinn Peel. Bayero Journal of
Pure and Applied Sciences, 6(1), 101–104.
Lee, D., Hwang, W., Artan, M., Jeong, D.-E., and Lee, S.-J. (2015). Effects of nutritional components on aging. Aging Cell,
14, 8–16.
Liu, R. H. (2004). Nutrition, and Cancer Potential Synergy of Phytochemicals in Cancer Prevention : Mechanism of Action.
The Journal of Nutrition, 134, 3479–3485.
Lopez-Otın, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G. (2013). Review The Hallmarks of Aging. Cell,
(6), 1194–217.
Lourenc, C. B., Ataide, J. A., Cefali, L. C., Novaes, L., Moriel, P., Silveria, E., Mazzola, P. (2016). Evaluation of the
enzymatic activity and stability of commercial bromelain incorporated in topical formulations. International Journal of
Cosmetic Science, 1–6.
Lowry, O. H., N. J. Rosebrough, A.Lewis Farr, and J.Rose Randall. (1951). Protein measurement with the Folin Phenol
Reagent, Journal of Biological Chemistry, 193 (1951) 269–275.
Lu, X.H., Sun, D.Q., Wu, Q.S., Liu, S.H., and Sun, G.M. (2014). Physico-Chemical Properties, Antioxidant Activity and
Mineral Contents of Pineapple Genotypes Grown in China. Molecules, 19, 8518–8532.
Manzoor, Z., Nawaz, A., Mukhtar, H., and Haq, I. (2016). Bromelain : Methods of Extraction, Purification and Therapeutic
Applications. Brazilian Archives of Biology and Technology, 59(December), 1–16.
Maurer, H. R. (2001). Bromelain : biochemistry, pharmacology and medical use. Cellular and Molecular Life Sciences, 58,
1234–1245.
Menezes, V. F. B., Emily, P., Kamdem, P. J., Abolaji, O. A., Lacerda, R. S., Martins da Costa, G. J., Posser, T. (2014).
Phytochemical constituents, antioxidant activity, cytotoxicity and osmotic fragility effects of Caju (Anacardium
microcarpum). Industrial Crops and Products, 55, 280–288.

D
E

T
C

A
R

T
E

R

82

31. Ohkawa, H., Ohishi, N., and Yagi, K. (1979). Assay for Lipid Peroxides in Animal Tissues Thiobarbituric Acid Reaction.
Analytical Biochemistry, Jun; 95(2):351-8.
32. Pandey, U. B., and Nichols, C. D. (2011). Human Disease Models in Drosophila melanogaster and the Role of the Fly in
Therapeutic Drug Discovery. Pharmacological Reviews, 63(2), 411–436.
33. Peng, C., Zuo, Y., Ming, K., Liang, Y., and Ying, K. (2012). Blueberry extract prolongs lifespan of Drosophila
melanogaster. Experimental gerontology, 47(2), 170–178.
34. Rui Hai Lu. (2003). Health benefits of fruit and vegetables are from additive and synergistic combinations of
phytochemicals. The American Journal of Clinical Nutrition, 78, 3–6.
35. Subramanian, P., Prasanna, V., Jayapalan, J. J., Abdulrahman, Shafinaz, P., and Hashim, H. O. (2014). Role of Bacopa
monnieri in the temporal regulation of oxidative stress in clock mutant (cry b) of Drosophila melanogaster. Journal of
Insect Physiology, 65, 37–44.
36. Taussig, S. J., and Stanley, B. (1988). Bromelain, The Enzyme Complex of Pineapple (Ananas comosus) and its clinical
application. Journal of Ethnopharmacology, 22, 191–203.
37. Wang, C.-T., Chen, Y.-C., Wang, Y.-Y., Huang, M.-H., Tzu-Li, Y., Hsun, L., Wang, H.-D. (2012). Reduced neuronal
expression of ribose-5-phosphate isomerase enhances tolerance to oxidative stress, extends lifespan, and attenuates
polyglutamine toxicity in Drosophila. Aging Cell, 11, 93–103.
38. Ziegler, D. V, Wiley, C. D., and Velarde, C. (2015). Mitochondrial effectors of cellular senescence: beyond the free radical
theory of ageing. Aging Cell, (14), 1–7.

D
E

T
C

A
R

T
E

R
83

