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ARTICLE INFO ABSTRACT
Published: 19 Mar. 2025 Introduction: Reactive oxygen species (ROS) are essential for sperm function and
Keywords: ovulation. However, excessive ROS could initiate cascades of reactions with
follinculogenesis, sperm macromolecules of the human gametes leading to compromised functionality and
cells, macromolecules, viability of sperm cells in males, as well as alteration in follinculogenesis and early stage
gametes, embryonic, embryonic development in females. The present study demonstrated the impact of the
endocrine. extracts and fractions of Pennisetum purpureum on Drosophila reproductive function
DOl: under oxidative stress. Method: The reproductive ability of Drosophila was studied after
10.5281/zenodo.15049032 exposing the flies to different concentrations of the plant’s extracts and fractions for 14

days. The cumulative number of larva, pupae and adult flies that emerged during this
period of 14 days represents a measure of fecundity or reproductive ability. Results: The
result obtained showed that there was a significant increase in the number of larva, pupae
and emerged adults in all treatment groups when compared to the negative control
(H202) this suggest an improvement in the reproductive ability of the fruit flies.
Discussion/Conclusion: The extracts and fractions of the plant were able to exert a
protective effect against the negative impact of the toxicant by significantly increasing
the number of larvae, pupae and emerged adult flies. This may be due to the presence
of alkaloids, steroids, phenols and flavonoids which could interact with the endocrine
system of insects influencing the production and regulation of hormones involved in
reproduction.

INTRODUCTION such as proliferation, differentiation, and apoptosis
1.2 psychological stress, lifestyle influences such
as drugs, alcohol, smoking and sedentary lifestyles
promote rapid production of ROS 3. Superoxide
anion, hydrogen peroxide, hydroxyl radical,

Reactive oxygen species, have a significant role in
controlling the expression of specific genes and
proteins that regulate cellular biological functions
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peroxyl, and hydroperoxyl are biologically
significant ROS that cause oxidative stress %. In the
female reproductive system, ROS are involved in
tissue remodelling, hormone signalling, and cyclic
endometrial alterations during menstruation. In the
ovary, ROS regulate the germ cell function,
maturation of ova, follicle synthesis and
maturation, ovulation, tubal function, and steroid
hormone production by ovaries °>. ROS also
impact the disintegration of the corpus luteum,
implantation, and normal parturition > ®. The
concentration of ROS and antioxidants in the
ovaries, follicular fluid, and peritoneal fluid
determines the oocyte quality, fertilization of ova
with the sperm, implantation, and the development
of an embryo. Studies conducted in in-vivo and in-
vitro models have shown the involvement of the
ROS in vascular endothelial growth factor
signalling, which stimulates the angiogenesis
process ‘. Further, it implicates the role of ROS in
folliculogenesis and early-stage embryonic
development 4. The male reproductive system is
particularly predisposed to oxidative stress,
primarily attributed to the unique characteristics of
sperm cells. Sperm cell membranes contain highly
unsaturated fatty acids, making them highly
vulnerable to ROS attack 8 Additionally,
spermatozoa have limited antioxidant enzyme
systems, further exacerbating their vulnerability to
oxidative damage °. Lipid peroxidation is one of
the basic mechanisms through which oxidative
stress affects male reproductive function. ROS
attack the polyunsaturated fatty acids in sperm cell
membranes, initiating a chain reaction known as
lipid peroxidation. This process leads to the
production of lipid peroxides and the disruption of
membrane integrity. As a result, the functionality
and viability of sperm are compromised, leading to
impaired motility and reduced fertilization
capacity . Another mechanism by which
oxidative stress impacts male reproductive
function is through protein oxidation. ROS can
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modify proteins in sperm, leading to structural
alterations and functional impairments. This
oxidative damage to proteins can upset various
aspects of sperm physiology, including motility,
DNA packaging, and fertilization ability 1*. Sperm
DNA is highly compacted and tightly packaged
within the nucleus, making it more susceptible to
oxidative damage. ROS can directly attack and
cause oxidative lesions in the DNA strand,
resulting to DNA fragmentation and impaired
genetic integrity. Such DNA damage in sperm has
been linked to reduced fertilization rates,
decreased embryo quality, and an increased risk of
developmental abnormalities in offspring 2. These
mechanisms collectively highlight oxidative
stress's significant impact on male reproductive
function. Understanding the mechanisms by which
oxidative stress impacts male and female
reproductive function, is crucial in elucidating its
impact in infertility. It also emphasizes the need
for strategies to mitigate oxidative damage, such
as antioxidant supplementation, to preserve and
enhance reproductive health in both males and
females 3

MATERIALS AND METHODS

Laboratory Equipment Materials and other
reagents

Beakers (Pyrex England), test tubes (vials)
(Pyrex), measuring cylinder, (Pyrex England),
refrigerator (Thermacool), stock clock, cotton
wool, disposable gloves, digital weigh balances,
analytical balance, Hydrogen peroxide (H20.),
distilled water.

Drosophila melanogaster stock and media

The Harwich strain of Drosophila melanogaster
was cultured at the Africa Centre of Excellence in
Phytomedicine Research and Development
(ACEPRD) Fly Laboratory, University of Jos, Jos,
Nigeria. Flies were fed with standard yellow corn
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meal medium mixed with brewer's yeast (1 %
w/v), agar (1 % w/v), and methylparaben (0.08 %
w/v) and maintained under the prescribed
temperature (23 = 1°C), relative humidity (60 %)
and natural night and day cycle.

The lethal concentration (LDso), determination

The concentration used in this study was obtained
by exposing the flies to different concentrations of
the plant extracts and fractions for 7 days.
Thereafter, the LCso of the plant extracts and
fractions was determined to be 300.61 mg per 10g
diet, for methanol extract, 320.94 mg per 10 g diet
for aqueous extract, 150.08 mg per 10 g diet for n-
hexane, 480.24 mg per 10 g diet for ethyl acetate
fraction and 820.25 mg per 10 g diet for methanol
fraction. This values shows that the extracts and
fractions are relatively safe.

Fecundity Assay (Reproductive Ability)

Fifty (50) flies were fed with food supplemented
with different concentrations of methanol and
aqueous extract, n-hexane, ethyl acetate and
methanolic fractions of Pennisetum purpureum in
3 replicates for 7 days '* 1>, The flies were then
exposed to 1 % hydrogen peroxide (H>Oz), for 24

hours ¢ 1718 After the various exposure period,
(10) (5males, 5 females) were randomly selected
from each group and were assayed for
reproductive ability as described by (Adedera et
al., lorjiim et al., ¥* ** with slight modification.
Ten flies (5 males and 5 females) from each
treatment group were paired in vials containing
standard flies’ food. The vials were labelled and
kept for 24 hours where they mated and lay eggs,
after which the adult flies were removed. The vials
(with eggs therein) were observed daily for 14
days for larvae, pupae and emergence of adult
flies. The cumulative number larva, pupae and
adult flies that emerged during this period of 14
days represents a measure of fecundity or
reproductive ability.

Statistical Analysis

All data in this study were presented as Mean +
Standard Error of the Mean (SEM) and analyzed
using ANOVA (analysis of variance) followed by
Turkey’s post hoc test to determine means with
statistical differences. The decision rule of P<0.05
for significance was adopted for all means.

Table 1: The effect of various concentration of P. purpureum extracts and fractions on the number of
third instar larva in D. melanogaster

Fractions LCs.25 LCi2s LCys LCso
Ethyl acetate 23.00+1.53" 20.67+2.03" 17.00+1.16" 13.33+0.88"
n-Hexane 13.33£1.459 10.33+1.33¢ 5.33+0.88% 3.67+0.67%
Methanol 32.67+1.20f 27.00+1.16f 21.33+0.88f 19.33+0.88f
Agueous 26.33+1.45° 15.67+1.20¢ 11.67+0.67¢ 7.00+1.16°
Methanol crude 44.00+1.73¢ 37.67+1.33¢ 33.00+1.16¢ 27.00+1.16¢
Standard 55.67+1.45 46.67+1.45 43.67+1.76 36.00+1.73
H.0, 5.33+0.88 5.33+0.88 5.33+£0.88 5.33+0.88
Control 62.67+£1.45 62.67+1.45 62.67+1.45 62.67+1.45

F 193.205 198.014 323.833 335.403

p-value 0.001 0.001 0.001 0.001

Means under the same column tagged with different with 2Control, P°H.0,, ‘Standard,

different letter alphabets compares significantly
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same column with significant higher intended
effect than Standard drug. Table 1 shows the
effects of various concentration of Pennisetum
purpureum extracts and fractions on the number of
third instar larva in Drosophila melanogaster. The
toxicant group (H202) conferred significant
decrease (lethal effect), on the number of third
instar larva in Drosophila melanogaster. There

was a significant decrease in lethal activity on
groups  supplemented with the various
concentrations of the extracts and fractions of
Pennisetum purpureum. At all concentrations
(LCs25, LC125 LCzs and LCsp), Methanol pg.
1786extract had the highest number of third instar
larva (highest effect) compared to other treatment
groups.

Table 2: The effect of various concentrations of P. purpureum extracts and fractions on the number of
pupae that emerged in D. melanogaster.

Fractions LCé.25 LCi2s LCoss LCso
Ethyl acetate 18.00+0.58" 12.67+1.45" 9.33+1.20" 7.00+1.16"
n-Hexane 45.00+1.16¢ 41.67+0.88¢ 41.00+1.169 35.33+0.88¢
Methanol 52.67+2.23f 47.00+1.16f 43.33+0.88f 35.67+2.40f
Aqueous 38.33+2.03¢ 32.00+1.53¢ 27.00+0.16° 23.00+1.73¢
Methanol 70.67+1.20¢ 65.00+1.16% | 56.00+1.73%* | 49.33+1.45%#
Standard 74.67+2.60° 68.67+2.60 52.33+1.45 47.67+1.76
H20> 5.57+1.16 5.57+0.33 5.57+0.67 5.57+0.33
Control 74.00+2.08 74.00+2.08 74.00+2.08 74.00+2.08
F 205.906 272.425 308.073 212.136
p-value 0.001 0.001 0.001 0.001

Means under the same column tagged with
different letter alphabets compares significantly
different with aControl, bH202, cStandard,
otherwise they are the same. #Means under the
same column with significant higher intended
effect than standard fraction Table 2:- Shows the
effects of different concentrations of Pennisetum
purpureum fractions on the number of pupae that
emerged in D. melanogaster. The toxicant group
(H202) conferred significant decrease (lethal
effect), on the number of pupae that emerged
across all the concentrations in Drosophila
melanogaster. There was a significant decrease in
lethal activity on groups supplemented with the
various concentrations of the extracts and fractions

of Pennisetum purpureum. At LC6.25 Methanol
extract had the highest number of pupae that
emerged compared to all other crude and fractions
of Pennisetum purpureum. At LC12.5, Methanol
extract also had the highest number of pupae that
emerged compared to all other extracts and
fractions of Pennisetum purpureum, here, the
effects of Methanol extract was similar to the
Standard drug (Vitamin C). At LC25 and LC50,
Methanol extract also had the highest number of
pupae that emerged compared to all other crude
and fractions of Pennisetum purpureum, with
effects that were also significantly higher than the
Standard drug (Vitamin C).

Table 3: The effects of various concentration of P. purpureum extracts and fractions on the number of
adults that emerged in Drosophila melanogaster.

Fractions LCe.25

LCis

LCys LCso

Ethyl acetate | 35.33%1.20"

29.33+1.45"

25.00+1.16" 22.67+1.45"
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n-Hexane 62.00+1.53¢ 47.67+0.67¢ 43.00+1.15¢ 36.00+1.73¢9
Methanol 52.00+2.08f 42.67+1.45" 35.00+1.16 27.00+1.16"
Agueous 55.33+1.45¢ 47.00+1.16° 41.33+0.88° 37.67+0.88°
Methanol 69.00+2.31¢ 56.33+1.45¢ 48.33+0.67¢ 40.67+1.20¢
Standard 75.67+2.03 65.67+2.03 59.00+1.16 46.67+0.88
H20; 15.00+0.88 15.00+1.16 15.00+0.33 15.00+1.20
Control 83.67+1.45 83.67+1.45 83.67+1.45 83.67+1.45
F 157.993 227.546 422.770 304.849
p-value 0.001 0.001 0.001 0.001

Means under the same column tagged with different
letter alphabets compares significantly different with
aControl, bH202, cStandard, otherwise they are the
same. #Means under the same column with significant
higher intended effect than standard fraction Table 3:
Shows the effects of different concentrations of
Pennisetum purpureum extracts and fractions on the
number of adults that emerged in Drosophila
melanogaster. The toxicant group (H202) conferred
significant decrease (lethal effect), on the number of
adult that emerged in Drosophila melanogaster. There
was a significant decrease in lethal activity on groups
supplemented with the various concentrations of the
extracts and fractions of Pennisetum purpureum. At
(LC6.25, LC12.5 LC25 and LC50), the Methanol
extract had the highest number of adults that emerged
compared to other crude and fractions of Pennisetum
purpureum.

DISCUSSION

Plants extracts could have a positive, negative or both
negative and positive effects on fecundity at diverse
concentrations in Drosophila melanogaster, for
instance, Neem (Azadirachta indica) and Turmeric
(Curcuma longa), had a negative impact on the
fecundity of Drosophila melanogaster by reducing the
number of eggs laid as well as eggs hatchability 1° 20,
Grapes (Vitis vinifera) seed extract on the other hand
has been shown to have a positive effect on fecundity
in Drosophila melanogaster. Supplementation with
grape seed extract could increase the number of eggs
laid by female flies thereby increasing the viability of
the offspring 2. Other studies revealed inconsistent
outcome of both positive, negative and joint effect of
the extract on fecundity, so depending on the specific
plants and concentrations used, plant extracts usually
have inconsistent effect on fecundity 22. Considering
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the effect of the plant on the 3" instar larva stage, the
present study revealed that there was a significant
increase in the number of 3" instar larva in flies
supplemented with extracts and fractions compared to
the toxicant group. Exposure of the 3™ instar larva to
the toxicant resulted to a significant decrease in its
number, which was probably because of the oxidative
stress induced by H,Oon the 3 instar larva leading to
developmental delays and impaired growth 2,
Oxidative stress could result to changes in the
expression of genes involved in antioxidant defence,
stress response and developmental processes . Studies
have further shown that prolonged exposure to H,0,,
during the 3 instar larva stage could have a long
lasting effects through lifespan and decreased fitness in
adult flies ?°. For the pupation and adult emergence
stage, H.O; exposure in Drosophila melanogaster also
resulted to decreased pupation and occlusion adult
(emergence) rate which is likely due to the detrimental
effect of oxidative stress on the flies’ developmental
processes %. The crude and fractions of the plant on the
other hand, was able to ameliorate the negative impact
of the toxicant by significantly increasing the number
of pupae and emerged adult flies. The positive effect of
the plant extract on fecundity, may be due to the
presence of alkaloids, steroids, phenols and flavonoids
which could interrelate with the endocrine system of
insects influencing the production and regulation of
hormones involved in reproduction ?’. Phenols and
flavonoids have been found to improve the antioxidant
capacity and detoxification enzyme in the reproductive
system in flies leading to increased egg production 2,
while steroids could enhance egg production and larval
development thereby significantly increasing the
fecundity in Drosophila melanogaster #’. Studies by
Damilola et al., Grover et al., & Rand et al., 2 -3! also
indicated that these secondary metabolites significantly
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mitigated the negative effects of hydrogen peroxide,
leading to improved survival rates and increased
numbers of larvae and emerged adults compared to
untreated controls. However further research is
required to uncover additional mechanisms and
specific phytochemical compounds responsible for
these effects. The standard drug, ascorbic acid is well-
known for its high efficiency in reducing oxidative
stress and enhancing developmental outcomes in the
presence of hydrogen peroxide 231, Research centring
on the antioxidant properties of specific plant extracts
demonstrated that the presence of phytochemicals like
phenols and flavonoids in these extracts could
effectively scavenge free radicals produced by
hydrogen peroxide. This scavenging activity was
linked to improved developmental metrics, including
increased larval survival and higher rates of pupation
and adult emergence, suggesting a protective role
against oxidative damage 2°. However further research
is required to uncover additional mechanisms and
specific phytochemical compounds responsible for
these effects.
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CONCLUSION

The present study demonstrated that the extracts and
fractions of Pennisetum purpureum, exerted a
protective effect on the reproductive ability of
Drosophila melanogaster exposed to oxidative stress
condition. The observed effect may be due to its
capacity to effectively scavenge free radicals generated
by hydrogen peroxide. However further research is
required to divulge additional mechanisms and
particular phytochemical compounds responsible for
this effect.
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