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ABSTRACT

The increasing 0zone concentration in the upper stratosphere was not significant enough to be able to protect
from the detrimental effect that ultraviolet (UV) light radiates. One solution to counter this problem is by using
antioxidants as protectants, such as those contained in fruits. In order to elucidate that ability, experiments can be
done using fruit fly (Drosophila melanogaster) as the animal model. It is commonly used because it has
physiological and pharmacological similarities with humans. This study aims to elucidate the effect of guava,
which has a high amount of antioxidant, as a feeding medium on the survival rate and morphological changes of
the reproductive organs of fruit flies after certain periods of UV exposure. The fruit fly culture was obtained
from the Genetic Laboratory, Faculty of Biology, UGM. The experiments were performed with 2 hours of UV
exposure and 2 feeding mediums (banana and guava) and a control (without UV exposure) also with 2 feeding
mediums (banana and guava). Reproductive organs were isolated from 4 various treatments. Observations were
made on the survival rate and morphological changes of the reproductive organs from the F1 generations. The
results showed that UV exposure was capable of suppressing survival rate at larval stage by 44.38% (fed with
banana) and 48.01% (fed with guava); at pupal stage by 57.55% (fed with banana) and 47.83% (fed with guava);
and at the imago stage by 60.00% (fed with banana) and 13.93% (fed with guava). The UV exposure showed
impacts on the morphology of the reproductive organs, and as UV protectant, guava gave better results compared
to banana.
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1. INTRODUCTION However, there is still no evidence found on the
increase in the total column of ozone since 1998,

Ozone in the stratosphere acts as a protective  which implies that the lower stratospheric layer has
shield against UV radiation [1]. Thus, decreasing  not been increasing as much as the upper [2], [3]. On
ozone concentration means more UV exposure to the the contrary, there is actually a report found on the

earth and its inhabitants. It has been reported that increase of the lower stratospheric ozone layer by
there is a significant increase of the upper using Chemistry Transport Model (CTM) [4].
stratospheric ozone layer since the year of 2000 [1].  However, it is found that CTM could not provide
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insight into the underlying dynamical driver of the
long term ozone decline or growth. It is also stated
that the data provided by Chipperfield in 2017 was
actually 60% larger than what was observed [3]. The
increase in 2017-2018 did enhance the magnitude of
the stratospheric ozone layer, but the recovery as of
quasi global (60°S-60°N) still displayed a reduction
trend since 1998 [3]. Hence, from this speculative
data and uncertain reports, it can be assumed that the
detrimental effect of UV radiation still persists.

One of the effects of UV radiation is indirect
amplification of free radical concentration in aerobic
organisms including humans. Free radicals, in this
case the reactive oxygen species (ROS), are actually
naturally occurring in aerobic organisms as an
intermediate product of oxygen reduction process to
become water molecules. However, it is reported that
UV radiation generates singlet oxygen molecules by
interacting with photosensitizer (e.g. flavins and
porphyrins) in such orchestrated ways that the flavin
becomes excited and acts as electron donor for the
ground-state-level oxygen, which is the non-reactive
di-radical species with the same spin upwards of two
unpaired electrons [5]. It is also reported that UV-B,
one the three types of UV lights, is able to generate
ROS by reacting with catalase [6]. Thus, it is proven
that UV light is absolutely capable of amplifying
reactive radicals in the human body. These radicals
are actually important, because they act as signaling
molecules through a variety of mechanisms [7]-[9].
However, if the homeostasis feedback mechanism
could not handle the increase in radicals, they will
immediately react with nearby molecules, and
damage DNA, protein, as well as lipid [10]-[12].

The negative effect of excessive ROS could also
affect reproductive organs since it is reported that the
germinal sperm cells are sensitive to oxidative stress
due to the lack of cytoplasmic defenses. Moreover,
sperm contains polyunsaturated fatty acids, which are
vulnerable to ROS, as it is also lacking in DNA repair
mechanisms [13]. ROS were also reported to affect
female reproductive organs, in a related study, when
performing a morphometric on follicles to observe
atresia in resting follicles, it is showed that in
progressive atresia, the mitochondrial membrane and
the oocyte nuclear were both ruptured. It was
assumed that the early involvement of mitochondria
suggests that the damage is induced by ROS, because
mitochondria is known as the site of oxidative
phosphorylation which generates radical
intermediates [14]. Hence, it can be assumed that
progressively increasing UV-induced oxygen radicals
will affect the reproductive organs’ morphometric.
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The homeostatic mechanisms rendering the
excessive ROS are called enzymatic-antioxidants
which is done by scavenging or neutralizing the ROS
[15]. Thus, introducing the non-enzymatic
antioxidants would likely help the system as well.
One of those so-called non-enzymatic antioxidants is
vitamin C, which is already popular or available in
fruits such as tangerine, kiwi, orange, and many
more. Vitamin C is reported to render the free
radicals chain reaction by scavenging the initiating
radicals and stops the detrimental effect of those
over-produced ROS [16]. In a related study, it is
shown that guava (Psidium guajava) has a high
amount of vitamin C that is 491.6 mg/100 g [17].
Hence, it makes it as a good candidate for a
protectant or a recovery agent.

Fruit fly is the most commonly used animal
model due to its similarities in pharmacological and
physiological with humans. It is reported to be used
as good animal model for antioxidant therapy in
Parkinson’s disease [18]. It is also used as an animal
model for sperm interaction with the female
reproductive tract, and it is reported that nearly 75%
of disease-related genes in humans have functional
orthologs in this fly species [19]. Besides, it has a
short life cycle which makes it easy to handle at a
low cost and in a small container. Therefore, fruit
flies can also be assumed to be a good animal model
for this study. Hence, this study aims to elucidate the
effect of a certain dose of UV exposure on the
survival rate and morphology of reproductive organs
(male and female) of D. melanogaster. This study
also aims to study the antioxidant ability of guava
and banana to protect D. melanogaster after certain
periods of UV exposure.

2. MATERIALS AND METHODS

2. 1. Obtaining the fruit fly culture

The main culture of Fruit Fly was obtained from
the Laboratory of Genetics and Breeding, Faculty of
Biology, Universitas Gadjah Mada. The obtained
culture was the acclimated wild type phenotype and
was fed on banana as the standard feeding medium.
The obtained culture was in a jar bottle and was used
as the main source for the rearing culture.

2. 2. Fruit fly rearing in banana and guava
feeding medium

The mass rearing of fruit flies was done in
Entomology Laboratory, Faculty of Biology,
Universitas Gadjah Mada. The rearing was performed
using the Hodson and Chiang method [20]. Bottle jar
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was used as the rearing container. The bottle jar was
sterilized using 70% ethanol by wiping the entire
surface of the bottle using a tissue that had been
moistened with the ethanol. Banana and/or guava was
mixed with Tapai using a 6:1 ratio, then sodium
benzoate was added later, all of the mixing was done
using a blender until they homogenized. The mixed
medium of 20 ml was inserted to each bottle jar
which will be used for sexing (24 pieces) and another
20 ml which will be used for rearing (12 pieces). A
piece of folded paper was vertically added on top of
the feeding medium as a place to lay eggs. The bottle
was then closed using a clear plastic that had been
perforated and then placed at room temperature until
the medium solidified. The isolated virgins were
placed in a new bottle jar.

2. 3. Setting the UV exposure treatment on
fruit flies

The treated groups of virgin fruit flies were
exposed to UV light (Bossecom TL 2; 10 watt). The
unpaired D. melanogaster were exposed for 4 days, 2
hours each day (12.00 - 14.00 Western Indonesia
Time), and then simultaneously for 3 days with the
same dose after they were paired. Eventually, the
number of individuals of each stage (larva, pupa and
imago) of the F1 generation were counted and
tabulated. The control group was reared in a separate
room, the number of individuals of each stage (larva,
pupa and imago) were also counted and tabulated.
The experiments were done in triplicates.

2. 4. Observing and measuring male and
female reproductive organs

The reproductive organs were isolated from 3
pairs of the treated fruit flies, each from the banana
and guava feeding medium. The other 3 pairs were
isolated from the untreated fruit flies, each from the
banana and guava feeding medium. The isolation
method was done according to Zamore and Ma [21].
To observe the reproductive organs clearly, an object
glass was placed on black-colored background. The
dissection was done using saline solution and
dissection needles. The collected fruit flies were
euthanized by chloroform, then transferred to a petri
dish. Each fruit fly was placed under a light
microscope and the saline solution was dropped. The
fruit flies were positioned on their abdomen facing
the top, so that the position of the reproductive organs
was consistent between right (dextral) and left
(sinistral). The dissection was performed by
separating the 6™ abdomen segment (A6) from the 7t
segment (A7) carefully. The isolated testicles and
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ovaries were measured (length and width, in
millimeter) using a digital microscope (supereyes
250x). The experiments were done in triplicates.

2.5. Data analysis

The data obtained from the experiments were
analyzed using formulas and statistical analysis.
Survival rate of the treated and control groups were
graphed in the survival rate bar plot as a result of
using Equation (1) and (2):

Survival rate = (2229 x 100 = SR (1)
Control
UV light suppression =100% — SR 2

The morphometric of the reproductive organs
were analyzed by one-way ANOVA, continued by
Tukey and T-Test with significance of p<0.05 [22].
Morphology characteristics of reproductive organs
were also analyzed in a descriptive manner. The
statistical analysis was performed using SPSS
software v. 25.

3. RESULTS AND DISCUSSION

The treated and the control group was compared
using the formulas which resulted in the UV exposure
effect on each stage of fruit flies at 2 different feeding
mediums. The result is shown below (Figure 1.).

UV Exposure Effect on D.

melanogaster
— 80
:: 57.55 60
: 60 48,01 R
a 443K
% 40
é ® Banana
E‘ 20 -
A I Guava
> 0
~ Larva Pupa Imago
Life Stages

Figure 1. The capability of UV radiation in
suppressing D. melanogaster life stages: larval stage
44.38% (banana) and 48.01% (guava); pupal stage
57.55% (banana) and 47.83% (guava); and imago
stage 60.00% (banana) and 13.93% (guava). Higher
percentage indicates a higher suppression.

The UV suppression shows effects to each stage
of D. melanogaster (Figure 1.) at varying degrees. It
generally shows that UV exposure could suppress all
of the life stages of fruit flies. The banana feeding

92



ATLANTIS
PRESS

medium group is relatively more suppressed at each
stage, except for the larval stage. It is assumed that
this was due to the feeding medium condition. The
guava feeding medium, which has more water
content of 83.37+2.4% [23], may affect the larval
development and also affect the place to lay eggs. It
is reported that the female fruit flies prefer a dry
condition to lay its offspring [24].

However, in the next stage, the pupal stage of the
banana feeding medium is more suppressed
compared to its larval stage and the guava feeding
medium (Fig 1.). It can be assumed that the UV
exposure may actually affect the fruit fly larvae fed
with banana feeding medium more than the guava
ones, despite the UV suppression percentage which
shows a higher suppression for guava (48.01%) than
banana (44.38%). This may happen due to the banana
feeding medium group could not contain the
increasing rate of ROS in their body which eventually
affect their growth and development by disrupting the
molecules that are important in this particular process
[25] which leads to problems in their pupal
development. This statement is supported by a
finding which showed that larval stage development
affects later stage [26]. It is also reported that ROS
actually has its counterintuitive effect as second
messenger ROS is able to extend Drosophila lifespan
[27]. However, this phenomenon was not observed in
this study, hence the sole effect was only the
detrimental ones.

The UV suppression on the imago stage was
shown to heavily suppress fruit flies fed on banana
(60% suppression) (Fig 1.), while the fruit flies fed
with guava feeding medium was only suppressed by a
small percentage (13.93%) comparatively. This can
be explained due to the complexity of the fruit flies
imago feeding on guava medium which results in
their capability to handle the ROS effect more
properly by using the vitamin C obtained from the
guava as well as the fully developed enzymatic
antioxidant from their body. Therefore, this
synergistic mechanism was achieved. On the other
hand, the imago of fruit flies fed with banana feeding
medium accumulate the ROS through their life stages
which may disturb the  development of their
enzymatic antioxidants [28].

The results in the following tables were produced
by statistical analysis on the reproductive organs
measurements of male and female D. melanogaster
fed with banana and guava feeding medium
compared to the exposed and the control group. T-
test (Table 1.) and (Table 2.) was performed to
validate the significant difference on each individual
group of treatment, in this case the difference
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between UV treated group and the control group
without taking consideration to its feeding medium,
likewise when to test each feeding medium group, the

UV effect was neglected.

Table 1. T-Test on male reproductive organs of fruit

flies
Mediums
Parameters
Banana Guava

Dex. Length (mm)* 2.37+0.15a 2.27+0.28a
Sin. Length (mm)* 1.91+£0.34a 2.34+0.35a
Dex. Width (mm)* 0.16+0.02a 0.19+0.04a
Sin. Width (mm)* 0.34+0.50a 0.16+0.03b

Treatments
Parameters
uv non UV
Dex. Length (mm)* 2.37+0.19a 2.28+0.26a
Sin. Length (mm)* 2.06+0.14a 2.19+0.40a
Dex. Width (mm)* 0.17+0.05a 0.18+0.03a
Sin. Width (mm)* 0.34+0.49a 0.16+0.04b

*)same letter on the same row indicates that there is no significant

difference.

Table 2. T-Test on female reproductive organs of

fruit flies
Mediums
Parameters
Banana Guava
Dex. Length (mm)* |0.82+0.17a 0.98+0.13a
Sin. Length (mm)*  |0.86+0.18a 0.92+0.18a
Dex. Width (mm)*  [0.51+0.11a 0.62+0.11a
Sin. Width (mm)* 0.58+0.08a 0.55+0.06a
Treatments
REIEINEES
uv non UV
Dex. Length (mm)* ]0.85+0.8a 0.96+0.14a
Sin. Length (mm)*  |0.75+0.11a 1.02+0.1a
Dex. Width (mm)*  [0.54+0.10a 0.59+0.14a
Sin. Width (mm)* 0.55+0.08a 0.58+0.06a

*)same word on the same row means there is no significance

difference.

The T-Test

results show a non-significant

difference in general for each treatment, except for
the sinistral width of testicles from fruit flies fed with
guava feeding medium and the sinistral width of
testicles from fruit flies treated without UV exposure.
This suggests that fruit flies fed with guava feeding
medium have narrower sinistral width of testicles. It
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Table 3. Tukey’s post hoc test on male reproductive organs of fruit flies

Treatments
Parameters
Banana+UV Guava+UV Banana non UV Guava non UV
Dex. Length (mm)* 2.32+0.19a 2.42+0.27a 2.43+0.09a 2.13+£0.30a
Sin. Length (mm)* 1.76+0.38a 2.35+0.13a 2.06+0.27a 2.32+0.53a
Dex. Width (mm)* 0.15+0.03a 0.19+0.06a 0.17+0.01a 0.20+0.03a
Sin. Width (mm)* 0.52+0.71a 0.15+0.04a 0.15+0.06a 0.18+0.01a

*)same letter on the same row means there is no significant difference.

Table 4. Tukey’s post hoc test on female reproductive organs of fruit flies

Parameters
Banana+UV

Guava+UV

Treatments

Banana non UV Guava non UV

Dex. Length (mm)* 0.81+0.27a 0.89+0.06a 0.84+0.04a 1.08+0.10a
Sin. Length (mm)* 0.75£0.17a 0.76+0.05a 0.97+0.13ab 1.07+0.06b
Dex. Width (mm)* 0.55+0.16a 0.54+0.07a 0.48+0.03a 0.70+0.12a
Sin. Width (mm)* 0.60£0.10a 0.51+0.01a 0.57+0.07a 0.59+0.06a

*) same letter on the same row means there is no significant difference.

is assumed that the energy obtained that should have
been allocated for reproductive development is
allocated instead to increase their resistance to ROS
[29]. In other ways, it can also be assumed that the
energy obtained from the bananas is allocated solely
for reproductive development. However, further
study should be conducted to confirm this statement.

The T-Test also showed a contradictory result
which is a narrower sinistral testicle of fruit flies
treated without the UV exposure. It is contradictory
because in theory, it is reported that high amounts of
ROS could disrupt nearby molecular structures as
well as functions [30]. Hence, it can be inferred that
there could be other variables that may affect this
result, for example a swelling caused by the ruptured
cells that may have been damaged by the increasing
ROS amount [31]. However, this result should also
be elucidated further due to its vagueness. From these
non-significant results, it can also be assumed that the
feeding medium is a capable recovery agent for the
fruit flies. This can be seen from the results of the
measurements that were not varied that much.

On the other hand, the Tukey’s (Table 3.) and
(Table 4.) was done to see the significant difference
of each treatment combination as a whole. The
Tukey’s post hoc resulted in a coherent result with
the hypothesis, despite only 2 measurements gave
significant results. The measurement on the
reproductive organs after the combination of
treatment showed a higher length of sinistral ovary

both for the banana and guava fed fruit flies without
the UV or in other ways, the UV exposure shortened
the sinistral ovaries from both feeding medium. This
suggests that UV exposure has indeed amplified the

Figure 2. Reproductive organs of male and female of
D. melanogaster: A) Testis (non-UV), B) Testis
(with UV irradiation), C) Ovaries (hon-UV), and D)
Ovaries (with UV irradiation).

ROS concentration [32]. Therefore, the uncontrolled
rise of ROS concentration disrupts the ovaries’
development  which eventually change their
morphology. Nonetheless, the UV exposure was
proven to have an impact on the reproductive organs
the non-significant result also suggested the
capability of the feeding medium (guava) as a
recovery agent.

The Figure 2. were isolated from 4 various
groups, the observation was performed using
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Supereyes digital microscope with a magnification of
250x.

The visual observations were also made on the
sinistral and dextral portion of both reproductive
organs (Fig 2.). Using visual observation, the control
group (A & C) showed a larger dimension compared
to the treated group (C & D). From this visual
observation, it can be assumed that the UV exposure
has an impact on the reproductive organs, since it
shows a different dimension compared to the control
group. Through this visual observation, the ROS is
assumed to be capable of reducing the size of both
male and female reproductive organs or causing
disruptions to its development in such a way that it is
different from the control [33], [34]. Despite being
disrupted by the ROS, the reproductive organ is still
capable to develop and operate fully, as this is
assumed due to the synergistic recovery effects of
non-enzymatic antioxidants as well as the vitamin C
obtained from the feeding medium (guava) and
enzymatic antioxidants [16].

Based on the results of this research, it can be
concluded that the UV exposure was capable of
suppressing survival at larval stage by 44.38% (in
banana fed group) and 48.01% (in guava fed group);
at pupal stage by 57.55% (in banana fed group) and
47.83% (in guava fed group); and at the imago stage
by 60.00% (in banana fed group) and 13.93% (in
guava fed group). The UV exposure showed an
impact on the morphology of reproductive organs,
and as UV protectant, guava was found to be a better
fruit feeding medium compared to banana.

AUTHORS’ CONTRIBUTION

The research was designed by H.A and I.S. The
data was collected by H.A. The paper was written by
H.A, N.K, and I.S.

ACKNOWLEDGMENTS

Thanks are conveyed to The RTA-UGM 2021
Grant for the financial support and our gratitude were
delivered to The Faculty of Biology and The
Entomology Laboratory for the research facilities.

REFERENCES

[1] WMO (World Meteorological Organization),
Scientific Assessment of Ozone Depletion:
2018, Global Ozone Research and Monitoring
Project, 2018.

[2] M. Weber et al., Total ozone trends from 1979
to 2016 derived from five merged observational

Advances in Biological Sciences Research, volume 22

datasets-the emergence into ozone recovery,
Atmos. Chem. Phys., vol. 18, no. 3, 2018, pp.
2097-2117.

[3] W. Ball, J. Alsing, J. Staehelin, S. Davis, L.
Froidevaux, and T. Peter, Stratospheric ozone
trends for 1985-2018: sensitivity to recent large
variability, Stratos. ozone trends
1985&ndash;2018 Sensit. to Recent large Var.,
no. March, 2019, pp. 1-27.

[4] M.P. Chipperfield et al., Detecting recovery of
the stratospheric ozone layer, Nature, vol. 549,
no. 7671, 2017, pp. 211-218.

[5] R.M. Tyrrell, Ultraviolet radiation and free
radical damage to skin., Biochem. Soc. Symp.,
vol. 61, 1995, pp. 47-53.

[6] D.E. Heck, A.M. Vetrano, T.M. Mariano, and
J.D. Laskin, UVB light stimulates production of
reactive oxygen species: Unexpected role for
catalase, J. Biol. Chem., vol. 278, no. 25, 2003,
pp. 22432-22436.

[7]1 B.D’Autréaux and M.B. Toledano, ROS as
signalling molecules: Mechanisms that generate
specificity in ROS homeostasis, Nat. Rev. Mol.
Cell Biol., vol. 8, no. 10, 2007, pp. 813-824.

[8] H. Zhang, A. M. Gomez, X. Wang, Y. Yan, M.
Zheng, and H. Cheng, ROS regulation of
microdomain Ca2+ signalling at the dyads,
Cardiovasc. Res., vol. 98, no. 2, 2013, pp. 248-
258.

[9] L.A. Sena and N.S. Chandel, Physiological roles
of mitochondrial reactive oxygen species, Mol.
Cell, vol. 48, no. 2, 2012, pp. 158-167.

[10] S. Nesnow et al., DNA damage induced by
methylated trivalent arsenicals is mediated by
reactive oxygen species, Chem. Res. Toxicol.,
vol. 15, no. 12, 2002, pp. 1627-1634.

[11] H. Gao, Y. Cao, H. Xia, X. Zhu, and Y. Jin,
CYP4A1l is involved in the development of
nonalcoholic ~ fatty  liver  disease  via
ROS- induced lipid peroxidation and
inflammation, Int. J. Mol. Med., vol. 45, no. 4,
2020, pp. 1121-1129.

[12] M. Nita and A. Grzybowski, The Role of the
Reactive Oxygen Species and Oxidative Stress
in the Pathomechanism of the Age-Related
Ocular Diseases and Other Pathologies of the
Anterior and Posterior Eye Segments in Adults,
Oxid. Med. Cell. Longev., vol. 2016, 2016.

95



ATLANTIS
PRESS

[13] E.T. Donnelly, N. McClure, and S.E.M. Lewis,
Glutathione and hypotaurine in vitro: Effects on
human sperm motility, DNA integrity and
production of reactive oxygen species,
Mutagenesis, vol. 15, no. 1, 2000, pp. 61-68.

[14] J.P. De Bruin et al., Ultrastructure of the resting
ovarian follicle pool in healthy young women,
Biol. Reprod., vol. 66, no. 4, 2002, pp. 1151-
1160.

[15] N. Krishnan, D. Kodrik, F. Turanli, and F.
Sehnal, Stage-specific distribution of oxidative
radicals and antioxidant enzymes in the midgut
of Leptinotarsa decemlineata, J. Insect Physiol.,
vol. 53, no. 1, 2007, pp. 67—74.

[16] M.G. Traber and J.F. Stevens, Vitamins C and
E: Beneficial effects from a mechanistic
perspective, Free Radic. Biol. Med., vol. 51, no.
5, 2011, pp. 1000-1013.

[17] E.N. Ellong, C. Billard, S. Adenet, and K.
Rochefort, Polyphenols, Carotenoids, Vitamin C
Content in Tropical Fruits and Vegetables and
Impact of Processing Methods, Food Nutr. Sci.,
vol. 06, no. 03, 2015, pp. 299-313.

[18] F. de Lazzari, F. Sandrelli, A.J. Whitworth, and
M. Bisaglia, Antioxidant therapy in Parkinson’s
disease: Insights from Drosophila melanogaster,
Antioxidants, vol. 9, no. 1, 2020, pp. 1-17.

[19] U.B. Pandey and C.D. Nichols, Human disease
models in drosophila melanogaster and the role
of the fly in therapeutic drug discovery,
Pharmacol. Rev., vol. 63, no. 2, 2011, pp. 411-
436.

[20] H.C. Chiang and A.C. Hodson, An Analytical
Study of Population Growth in Drosophila
melanogaster, Ecol. Monogr., vol. 20, no. 3,
1950, pp. 173-206.

[21] P.D. Zamore and S. Ma, Isolation of Drosophila
melanogaster testes, J. Vis. Exp., no. 51, pp. 2—
3, 2011.

[22] KA. Gomez and A.A. Gomez, Statistical
procedures for agricultural research. John Wiley
& Sons, 1984.

[23] M.A. Ali, Y.A. Yusof, N.L. Chin, and M.N.
Ibrahim, Effect of different drying treatments on
colour quality and ascorbic acid concentration of
guava fruit, Int. Food Res. J., vol. 23, no.
January, 2016, pp. S155-S161.

Advances in Biological Sciences Research, volume 22

[24] N. Otto, B. Risse, D. Berh, J. Bittern, X. Jiang,
and C. Klambt, Interactions among Drosophila
larvae before and during collision, Sci. Rep.,
vol. 6, no. August, 2016, pp. 1-11.

[25] M. Schieber and N.S. Chandel, ROS function in
redox signaling, Curr. Biol., vol. 24, no. 10,
2014, pp. 453-462.

[26] L.M. Riddiford and M. Ashburner, Effects of
juvenile hormone mimics on larval development
and metamorphosis of Drosophila melanogaster,
Gen. Comp. Endocrinol., vol. 82, no. 2, 1991,
pp. 172-183.

[27] F. Scialo et al., Mitochondrial ROS Produced
via Reverse Electron Transport Extend Animal
Lifespan, Cell Metab., vol. 23, no. 4, 2016, pp.
725-734.

[28] A. Wakeel, M. Xu, and Y. Gan, Chromium-
induced reactive oxygen species accumulation
by altering the enzymatic antioxidant system and
associated cytotoxic, genotoxic, ultrastructural,
and photosynthetic changes in plants, Int. J.
Mol. Sci., vol. 21, no. 3, 2020.

[29] R. Arking, S. Buck, D. Hwangbo, and M. Lane,
Metabolic alterations and shifts in energy
allocations are corequisites for the expression of
extended longevity genes in drosophila, Ann. N.
Y. Acad. Sci., vol. 959, 2002, pp. 251-262.

[30] M. Redza-Dutordoir and D.A. Averill-Bates,
Activation of apoptosis signalling pathways by
reactive oxygen species, Biochim. Biophys.
Acta - Mol. Cell Res., vol. 1863, no. 12, 2016,
pp. 2977-2992.

[31] M. Mittal, M.R. Siddiqui, K. Tran, S.P. Reddy,
and A.B. Malik, Reactive oxygen species in
inflammation and tissue injury, Antioxidants
Redox Signal., vol. 20, no. 7, 2014, pp. 1126—
1167.

[32] T.L. de Jager, A.E. Cockrell, and S.S. Du
Plessis, Ultraviolet light induced generation of
reactive oxygen species, Adv. Exp. Med. Biol.,
vol. 996, 2017, pp. 15-23.

[33] B.R. Turnell, L. Kumpitsch, and K. Reinhardt,
Production and scavenging of reactive oxygen
species both affect reproductive success in male
and  female Drosophila melanogaster,
Biogerontology, vol. 22, no. 4, 2021, pp. 379—
396.

96



ATLANTIS

PRESS Advances in Biological Sciences Research, volume 22

[34] R.K. Chaitanya, K. Shashank, and P. Sridevi,
Oxidative Stress in Invertebrate Systems, Free
Radicals Dis., 2016.

97



