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ABSTRACT: Lead is considered one of the most dangerous heavy metals for human health and can
be found in the environment, as well as in food and products. Satureja hortensis, commonly known
as savory, is a plant used to treat various diseases in folk medicine. This study aims to determine the
effects of the ethanol extract of S. hortensis on reproductive performance and DNA damage in lead-
exposed Drosophila melanogaster. The plant's ethanol extract was obtained using the maceration
method. After applying the extract and lead to D. melanogaster experimental groups for 15 days,
their reproductive performance (adult female and fly formation, as well as pupal counts) and DNA
damage levels were investigated using the Comet assay. The results showed that lead reduced
reproductive performance and pupal development in D. melanogaster and caused DNA damage.
However, when S. hortensis extract was applied together with lead, reproductive performance and
pupal development in D. melanogaster increased quantitatively, while DNA damage decreased. In
conclusion, S. hortensis exhibited a protective effect in lead-exposed D. melanogaster and can play
an antigenotoxic role against lead and other metal.
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damage.
INTRODUCTION

Turkey, which is one of the countries rich in plant diversity,
has a wide range of medicinal and aromatic plants. Many of
these plants are used in the treatment of diseases and the
production of medicines. In addition to their use for
medicinal purposes by the public, plants are widely used in
the food, spice, resin, volatile insecticide, dye, and cosmetic
industries [1]. While many Thymus, Origanum, Satureja,
Coridothymus, and Thymbra species, which are known as
oregano in Turkey, are collected from nature, some are also
grown through agriculture [2]. The Satureja hortensis plant is
known as "¢ibriska", "gubriza", "zater", "sater", or "geyikotu"
in Turkey [3]. S. hortensis is distributed in rocky and eroded
sloping areas of the Marmara region (Istanbul, Sakarya),
Western and Central Black Sea (Zonguldak, Amasya,
Samsun), Central Anatolia (Ankara, Nevsehir, Sivas), and
Eastern and Southeastern Anatolia (Erzincan, Adiyaman,
Diyarbakir, Erzurum). It is an annual plant that can grow up
to 30-35 cm tall with **well-**developed lateral branches.
Its flowers are white, purple, or pink [4]. The flowers, leaves,
and roots of S. hortensis are used for alternative treatment
purposes for various diseases or complications such as
digestive system cramps, nausea, diarrhea, and muscle pain

[5]. The volatile oils in the plant, such as thymol and
carvacrol, are present at levels above 5% and exhibit
antimicrobial properties against food, plant, and human
pathogens. The plant also contains compounds with
pharmacological activity such as flavonoids and tannins [6, 7,
8]. Due to its content of these compounds, S. hortensis also
exhibits antioxidant [9], anti-inflammatory, analgesic [10],
and anti-hypercholesterolemic properties [11].

Lead is considered one of the most dangerous chemicals
for human health, as it can be found in the environment
(especially in dust, water, and soil), food, and manufactured
lead products including lead-based paints, pipes, batteries,
cosmetic products, gasoline, food cans, children's toys,
ammunition, vitrified ceramics, and herbal remedies [12].
Lead's toxic effects on humans are mainly evident in the
nervous system, blood, and kidneys, causing anemia, nervous
system disorders, kidney and liver damage, hearing
impairment, gastrointestinal damage, reduced IQ in children,
behavioral and learning disorders, Alzheimer's disease, and
negative effects that may lead to the progression of cancer
such as lung cancer [13]. The activation of phosphoinositide
3-kinase, c-Jun NH2-terminal kinase, p38 mitogen-activated
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protein kinase, and Akt signaling pathways are important in
lead's cytotoxicity. Lead increases apoptosis through signal
cascades and associated factors and significantly disrupts cell
differentiation and maturation. In addition, lead has a
significant impact on metabolic pathways, including
biosynthesis, causing anemia in individuals exposed to lead
[14]. Furthermore, in vitro studies conducted on mammalian
cells demonstrate that lead compounds may cause various
genotoxic effects [15], clastogenicity [16], and single-strand
DNA breaks [17].

Drosophila melanogaster, a eukaryotic organism, has a
rapid reproductive rate over a short period of time.
Additionally, it shows similarities to mammalian biological
systems in terms of biology, physiology, and neurology [18,
19]. It is a widely used model organism in studies of
oxidative stress [20], elucidation of molecular mechanisms in
various diseases [21, 22], genotoxicity [23], and lifespan
research related to aging [24, 25]. This study aims to assess
the effects of the ethanolic extract of the S. hortensis plant on
DNA damage and reproductive performance in D.

melanogaster exposed to lead. For this purpose, reproductive
performance and pupal numbers of D. melanogaster were
lead and plant extract applications.
in D. melanogaster was

determined after

Additionally, DNA damage

%
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Figure 1. A) Flowering, B) powdered, and C) ethanol extract of S.

Experimental material

In this study, the Oregon-R wild type strain of D.
melanogaster, which is genetically homozygous and not
mutant, has been used from the laboratory stock of the
Molecular Biology and Genetics Research Laboratory at the
Faculty of Science at Bartin University since 2018. D.
melanogaster cultures were grown in culture dishes with
constant temperature (24°C) and humidity (%60-70) in a
refrigerated incubator located in the laboratory. The culture
dishes were made colorless and transparent for easy
monitoring of the flies' development.
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evaluated by Comet analysis. The potential use of this plant's
protective effects against heavy metal toxicities, as
determined at the end of the study, was evaluated for its role
in the development of new treatment methods against metal
toxicity.

MATERIALS AND METHODS

Collection of the plant and preparation of the ethanol
extract

The S. hortensis plant was collected from a garden in
Kizilinler village of Eskisehir province during the flowering
season in July-August 2022 (Figure 1A). After obtaining a
herbarium number (AKU-9325), the collected plants were
dried in the shade. After drying, the plants were ground into a
powder (Figure 1B), and the ethanol extract was obtained
using the maceration method. For this purpose, 25 g of dried
plant material was combined with 100 ml of solvent. The
mixture was kept in the dark with frequent stirring. After 24
hours, the resulting macerate was filtered through filter
paper. Subsequently, the solvent was removed using a rotary
evaporator to obtain a greenish-black ethanol extract (3.5%;
Figure 1C). The obtained extract was stored in 15-ml Falcon
tubes at -20°C until the analysis stage.

hortensis.

Content and preparation of Drosophila melanogaster
food

The food mixture was prepared using a combination of
corn flour (104 g), sugar (94 g), agar (6 g), beer yeast (9 g),
distilled water (1020 ml), and an acid mixture (6 ml)
consisting of orthophosphoric acid (7.83 ml), propionic acid
(8.36 ml), and distilled water (1081 ml) [26, 27]. For the
preparation of the food, 500 ml of distilled water was mixed
with corn flour, sugar, and beer yeast and thoroughly
blended. In the remaining 520 ml of distilled water, agar was
added and boiled until it was completely dissolved.



Meanwhile, the mixture of flour, sugar, yeast, and water was
heated. The melted agar was poured onto the boiling mixture
in three stages and continuously stirred. After it became
homogeneous, the acid mixture was added and stirred to
prevent the growth of fungi and bacteria. However, a
sufficient amount of acid mixture was added to avoid
excessive yeast, which could inhibit the development of flies.
The prepared medium supports the rapid growth of yeast and
provides a good source of nutrients for the flies. Therefore,
care was taken not to add too much yeast (as it could reduce
the oxygen level in the environment by using the necessary
02 for the flies). The prepared warm food mixture was
poured into sterilized culture bottles in approximately 10 ml
portions and closed with cotton. It was stored in a clean and
cool place until flies were added after cooling [28].

Experimental setup

For each group, 10 male and 10 female adult D.
melanogaster individuals were cultured in transparent culture
bottles containing 10 mL of growth medium with lead acetate
(Pb(CH3C02)2+3H20; Sigma-Aldrich, St. Louis, MO, USA)
and S. hortensis extract for 15 days. Five experimental
groups of D. melanogaster were created for the study,
including a control group, 1% ethanol group (to see the effect
of the solvent), 0.5 mg/mL S. hortensis ethanolic extract
group (obtained from preliminary studies), and 100 uM lead
group [29, 30], and the experiment was repeated three times.
In preliminary experiments to determine the dose of S.
hortensis plant extract, extract doses of 0.5, 1, 2.5, and 5
mg/mL were applied to D. melanogaster cultures, and the
dose of 0.5 mg/mL, which did not show any negative effects,
was used in the experimental stage.

DNA damage analysis

Comet analysis was performed by preparing separate
slides for each group of adult D. melanogaster to determine
DNA damage. For this analysis, low-melting point agarose
(LMA) with a concentration of 0.5% was melted and kept at
40°C to prevent it from solidifying. Normal-melting point
agarose (NMA) with a concentration of 1% was prepared,
and slides were coated with it. Fly samples (5 individuals)
were homogenized in 100 pL of Hanks's Balanced Salt
(HBSS) solution, added to 100 pL of 0.5% LMA, and mixed.
Then, the mixture was added to the slide coated with NMA
and incubated at 4°C for 5 min. The prepared samples were
treated with lysis solution (100 mM EDTA, 2.5 M NaCl, and
10 mM Tris base, adjusted to pH 10, and supplemented with
freshly prepared 1% Triton X-100 and 10% DMSOQO) for 1 h
at 4°C. The samples were then treated with electrophoresis
buffer (prepared with 200 mM EDTA and 10 N NaOH to
pH>13.0) at 4°C for 15 min. Alkaline electrophoresis (24 V
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and 300 mA) was applied for 40 min. The samples were then
neutralized with Tris buffer solution (0.4 M; pH 7.5) for 5
min. After these procedures, the samples were stained with
Red Safe (10 pL/mL) and examined under a fluorescence
microscope (Zeiss, Germany) [31]. When examining the
sample images, the damage score of 100 randomly selected
cells was recorded from 0 to 4 (0—no damage, 4—very
damaged), and the results were expressed in arbitrary units
(AU) [32].

Statistical analysis methods

At the end of the study, reproductive performance
(number of adults and pupae) of D. melanogaster were
expressed numerically and as percentages. DNA damage
analysis between groups was performed using GraphPad
Prism Version 8 software. Group differences were evaluated
using one-way analysis of variance (ANOVA), and
significance between groups was evaluated using Dunnett's
multiple comparison test. In addition, an independent
(unpaired) t-test was used for comparison between groups
treated with lead and S. hortensis extract combined with lead.
Data were presented as mean = standard error, and
statistically significant was considered p<0.05.

RESULTS AND DISCUSSIONS

The effects of lead and S. hortensis extract, alone and in
combination, on female and male adult and pupal numbers in
D. melanogaster are shown in Table 1. The Comet assay
image of DNA damage determined by Comet analysis is
shown in Figure 2, and the findings are presented in Figures
3 and 4. In the study, the lead reduced reproductive
performance and pupal development in D. melanogaster. On
the other hand, it was determined that when S. hortensis
extract was applied together with lead, reproductive
performance and pupal development in D. melanogaster
increased quantitatively compared to the group treated with
lead alone. Furthermore, it was observed that reproductive
performance and pupal development in the groups treated
with S. hortensis extract and ethanol remained close to the
control group and did not have a negative effect. When DNA
damage in female and male D. melanogaster was compared
to the control group, it was found to be higher in the lead-
treated group (2.40+0.22 AU and 2.85+0.26 AU) (p<0.0001).
In contrast, when S. hortensis extract was administered
together with lead, DNA damage was determined to be
1.75+£0.14 AU in females (p<0.0001) and 1.70+£0.21 AU in
males (p<0.0005). This showed that S. hortensis extract
reduced lead-induced DNA damage and exhibited
antigenotoxic effects. Additionally, it was determined that
DNA damage was similar to the control group in groups
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treated with S. hortensis extract alone (1.10+£0.17 AU and
0.95+0.25) and ethanol (0.85+£0.13 AU and 0.70£0.12 AU) in

female and male D. melanogaster, respectively (p>0.05).

Table 1. Effect of S. hortensis extract on reproductive performance in D. melanogaster exposed to lead.

Adult Pupa

Groups Female % | Male % Total Development %

Control 24 100 34 100 58 70 100
S. hortensis extract 23 95.8 32 94.1 55 68 97.1
Lead 15 62.5 17 50 32 54 77.1
S. hortensis extract + Lead 20 83.3 22 64.7 42 61 87.1
Ethanol 22 91.6 31 91.1 53 67 95.7
- Class 1 Class 2 Class 3

Figure 2. Classification of DNA damage observed in the Comet test
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Figure 3. Effect of S. hortensis extract on DNA damage in
female D. melanogaster exposed to lead. a,b: Values with
different letters are statistically significant (p<0.05). *The
difference between the groups exposed to lead alone and lead
with S. hortensis extract is statistically significant
(p=0.0186).

Exposure to lead is considered an important risk factor,
especially during the developmental period, as it alters
biochemical and physiological processes [33]. Along with
medical treatment, complementary and alternative therapies
are increasingly being used against toxic substances, and
studies related to the use of plants for this purpose are
emerging [34].

Similarly, Drosophila is used as a model because of its
short production times, which enable the determination of the
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Figure 4. Effect of S. hortensis extract on DNA damage in
male D. melanogaster exposed to lead. a,b,c: Values with
different letters are statistically significant (p<0.05). **The
difference between the groups exposed to lead alone and lead
with S. hortensis extract is statistically significant
(p=0.0018).

effects of toxic substances at different biological stages,
including the larva, pupa, and adult forms [35]. This model
helps to understand the effect of toxic substances on humans
due to the presence of similar developmental pathways and
stress responses [36].

Some studies have shown that lead creates genotoxicity
through oxidative stress-mediated damage to the synthesis
pathway in D. melanogaster, as well as indirect or direct
damage to DNA by affecting the antioxidant system [37, 38].



In one study, the in vivo genotoxic activity of 2, 4, and 8 mM
lead chloride (PbCI2) and lead nitrate (Pb(NO3)2) was
investigated in D. melanogaster using the Wing-spot test and
Comet test for two different genetic endpoints. The results of
the wing spot test showed that neither lead chloride nor lead
nitrate caused significant increases in mutant spot frequency.
However, the in vivo comet test in hemocytes highlighted
that lead nitrate caused significant increases in DNA damage
through a direct dose-response model, suggesting a genotoxic
risk associated with lead exposure [39]. In a study by [40], D.
melanogaster exposed to lead (2 mM) exhibited various
health defects, including developmental retardation,
decreased survival rate, impaired movement ability, and
reduced egg production. Additionally, lead's immunotoxic
effect on D. melanogaster, including a decrease in the
number of hemocytes, including crystal cells, led to a
decrease in phenoloxidase activity and an increase in
susceptibility to B. subtilis [41]. Similar to the negative
effects of lead observed in this study, reproductive
performance was found to be reduced and DNA damage
increased in D. melanogaster exposed to lead. Also, many
studies report that females show higher resistance than males
in cases of oxidant status and DNA damage [42, 43].
Similarly, the study found that gender was also effective in
this toxicity, with females being more resistant than males.
When extracts obtained from the aerial parts of S.
hortensis were examined, it was reported that the methanolic
extract obtained by maceration contained higher amounts of
rosmarinic acid (24.9 mg/g), caffeic acid (1.3 mg/g),
naringenin (1.1 mg/g), ferulic acid (220 pg/g), and apigenin
(165 pg/g). Other flavonoids (luteolin) and glycosides
(apigetrin and vitexin), as well as flavonol (quercetin),
flavonol glycosides (isoquercitrin, astragalin, quercitrin), and
coumarin derivatives (aesculin and aesculetin) were also
detected [44]. In a study that investigated the content status
of S. hortensis after the application of different extraction
procedures (Soxhlet extraction, maceration, ultrasound-
assisted extraction, microwave-assisted extraction, and
subcritical water extraction), it was reported that the total
phenolic content was between 119 and 151 mg/g, the total
flavonoid content was between 5 and 28 mg/g, the condensed
tannin content was between 41 and 73 mg/g, the gallotannin
content was between 12 and 35 mg/g, and the total
anthocyanin content was between 103 and 144 mg/g [45]. In
many studies that investigated the pharmacological activity
of S. hortensis, which has a large number of important
compounds, it was reported to exhibit antioxidant [46],
antimicrobial [47], and anticancer [44] activities. In addition,
in many studies, many substances known for their antioxidant
and cell-protective effects (such as anthocyanins,
epigallocatechin-3-gallate, curcumin) were reported to
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improve lead-induced oxidative stress and prevent toxicity
[48, 49, 50, 51]. Similarly, in this study, it was observed that
the ethanolic extract of S. hortensis, which contains many
substances  with  antioxidant activity, exhibited an
antigenotoxic effect by providing a protective effect on
reproductive performance and DNA damage in lead-treated
D. melanogaster.

CONCLUSION

In conclusion, it was determined in this study that
reproductive performance decreased, and DNA damage
increased in D. melanogasters given lead, whereas the
application of ethanolic extract of S. hortensis plant reduced
these negativities caused by lead. However, the absence of
detailed antioxidant effects and pathway investigations
represents a limitation. Lead and many heavy metals pose a
risk both environmentally and in terms of human health.
These results also necessitate the implementation of
phytoremediation or bio-support strategies in contaminated
areas. Considering the findings of the study, it is anticipated
that determining the other pharmacological properties of S.
hortensis and similar plants may play a role in developing
new treatment methods against metal toxicity.

DECLARATION

Acknowledgement

Special thanks to the Assoc. Prof. Dr. Fahriye Zembheri-
Navruz at Bartin University, Faculty of Science, Department
of Molecular Biology and Genetics, for supporting this
project.

Authorship Contributions
Concept, Writing, Data Collection, and Interpretation:
Gulin Donmez.

Funding
The present research received no grant from any funding
agency.

Ethics approval and consent to participate
Ethics approval was not obtained for this study as it was
the species we use is an invertebrate creature.

Consent for publication
Not applicable.

Competing interests
The authors declared that there is no conflict of interest.


https://jabsonline.org/index.php/jabs

Donmez et al., 2025

REFERENCES

[1]

[2]

(3]

(4]

[5]

(6]

(7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Goktas, O., Gidik, B. (2019): Tibbi ve aromatik bitkilerin kullamm
alanlar1. Bayburt Universitesi Fen Bilimleri Dergisi, 2(1), 145-151.

Satil, F., Dirmenci, T., Tiimen, G., Turan, Y. (2008): Commercial and
ethnic uses of Satureja (Sivri Kekik) species in Turkey. Ekoloji, 17, 67,
1-7.

Baytop, T. (1999). Tiirkiye’de Bitkilerle Tedavi, Nobel Tip Kitapevleri
Yayin, 2. Baska, 480s, Istanbul.

Arslan, D., & Katar, Y. (2011). Ankara ekolojik kosullarinda sater
(Satureja  hortensis L) bitkisinde ugucu yag ve bilesenlerinin
ontogenetik varyabilitesinin belirlenmesi. Tekirdag Ziraat Fakiiltesi
Dergisi, 8(2), 29-36.

Giilliice, M., Sokmen, M., Daferera, D., Agar, G., Ozkan, H., Kartal,
N.,..... & Sahin, F. (2003). In vitro antibacterial, antifungal, and
antioxidant activities of the essential oil and methanol extracts of
herbal parts and callus cultures of Satureja hortensis L. Journal of
agricultural and food chemistry, 51(14), 3958-3965.

Kurkcuoglu, M., Tumen, G., & Baser, K. H. C. (2001). Essential oil
constituents of Satureja boissieri from Turkey. Chemistry of Natural
Compounds, 37(4), 329-331.

Momtaz, S., & Abdollahi, M. (2010). An update on pharmacology of
Satureja species; from antioxidant, antimicrobial, antidiabetes and anti-
hyperlipidemic to reproductive stimulation.

Kotan, R., Dadasoglu, F., Karagoz, K., Cakir, A., Ozer, H., Kordali, S.,
... & Dikbas, N. (2013). Antibacterial activity of the essential oil and
extracts of Satureja hortensis against plant pathogenic bacteria and
their potential use as seed disinfectants. Scientia horticulturae, 153, 34-
41.

Cetkovié, G. S., Canadanovié-Brunet, J. M., Djilas, S. M., Tumbas, V.
T., Markov, S. L., & Cvetkovi¢, D. D. (2007). Antioxidant potential,
lipid peroxidation inhibition and antimicrobial activities of Satureja
montana L. subsp. Kkitaibelii extracts. International Journal of
Molecular Sciences, 8(10), 1013-1027.

Amanlou, M., Dadkhah, F., Salehnia, A., Farsam, H., & Dehpour, A.
R. (2005). An anti-inflammatory and anti-nociceptive effects of
hydroalcoholic extract of Satureja khuzistanica Jamzad extract. J
Pharm Pharm Sci, 8(1), 102-106.

Mchedlishvili, D., Kuchukashvili, Z., Tabatadze, T., & Davitaia, G.
(2005). Influence of flavonoids isolated from Satureja hortensis L. on
hypercholesterolemic rabbits. Indian journal of pharmacology, 37(4),
259.

Kumar, A., Kumar, A., MMS, C. P., Chaturvedi, A. K., Shabnam, A.
A., Subrahmanyam, G., ... & Yadav, K. K. (2020). Lead toxicity:
health hazards, influence on food chain, and sustainable remediation
approaches. International journal of environmental research and public
health, 17(7), 2179.

Mani, M. S., Kabekkodu, S. P., Joshi, M. B., & Dsouza, H. S. (2019).
Ecogenetics of lead toxicity and its influence on risk assessment.
Human & Experimental Toxicology, 38(9), 1031-1059.

Singh, N., Kumar, A., Gupta, V. K., & Sharma, B. (2018). Biochemical
and molecular bases of lead-induced toxicity in mammalian systems
and possible mitigations. Chemical Research in Toxicology, 31(10),
1009-1021.

Thier, R., Bonacker, D., Stoiber, T., Bohm, K. J., Wang, M., Unger, E.,
... & Degen, G. (2003). Interaction of metal salts with cytoskeletal
motor protein systems. Toxicology letters, 140, 75-81.

Bonacker, D., Stoiber, T., Béhm, K. J., Prots, I., Wang, M., Unger, E.,
... & Degen, G. H. (2005). Genotoxicity of inorganic lead salts and
disturbance of microtubule function. Environmental and Molecular
Mutagenesis, 45(4), 346-353.

Pasha Shaik, A., Sankar, S., Reddy, S. C., Das, P. G., & Jamil, K.
(2006). Lead-induced genotoxicity in lymphocytes from peripheral
blood samples of humans: in vitro studies. Drug and chemical
toxicology, 29(1), 111-124.

86

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

Pandey, U. B., & 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.

Miguel-Aliaga, 1., Jasper, H., & Lemaitre, B. (2018). Anatomy and
physiology of the digestive tract of Drosophila melanogaster. Genetics,
210(2), 357-396.

Soares, J. J., Rodrigues, D. T., Gongalves, M. B., Lemos, M. C.,
Gallarreta, M. S., Bianchini, M. C., ... & Denardin, E. L. (2017).
Paraquat exposure-induced Parkinson’s disease-like symptoms and
oxidative stress in Drosophila melanogaster: Neuroprotective effect of
Bougainvillea glabra Choisy. Biomedicine & Pharmacotherapy, 95,
245-251.

Foriel, S., Willems, P., Smeitink, J., Schenck, A., & Beyrath, J. (2015).
Mitochondrial diseases: Drosophila melanogaster as a model to
evaluate potential therapeutics. The International Journal of
Biochemistry & Cell Biology, 63, 60-65.

Kreipke, R. E., Kwon, Y. V., Shcherbata, H. R., & Ruohola-Baker, H.
(2017). Drosophila melanogaster as a model of muscle degeneration
disorders. Current topics in developmental biology, 121, 83-109.

Mukhopadhyay, I., Chowdhuri, D. K., Bajpayee, M., & Dhawan, A.
(2004). Evaluation of in vivo genotoxicity of cypermethrin in
Drosophila melanogaster using the alkaline Comet assay. Mutagenesis,
19(2), 85-90.

Pletcher, S. D., Macdonald, S. J., Marguerie, R., Certa, U., Stearns, S.
C., Goldstein, D. B., & Partridge, L. (2002). Genome-wide transcript
profiles in aging and calorically restricted Drosophila melanogaster.
Current Biology, 12(9), 712-723.

Arica, S. C., Demirci, S., Ozyilmaz, A., Oz, S., & Arslantas, E. (2017).
Bazi makroalglerin Drosophila melanogaster’in hayatta kalis1 {izerine
etkileri.

Sun Y, Yolitz J, Wang C, Spangler E, Zhan M, & Zou S. (2013).
Aging studies in Drosophila melanogaster. In Biological Aging (pp.
77-93). Humana Press, Totowa, NJ.

Anupama KP, Shilpa O, Anet A, Siddanna TK, & Gurushankara HP.
(2019). Convolvulus pluricaulis (Shankhapushpi) ameliorates human
microtubule-associated protein tau (h(MAPt) induced neurotoxicity in
Alzheimer's disease Drosophila model. Journal of Chemical
Neuroanatomy. 95-115-122.

Quesada-Calderén S, Bacigalupe LD, Toro-Vélez AF, Madera-Parra
CA, Pefa-Varon MR, & Cardenas-Henao H. (2017). The
multigenerational effects of water contamination and endocrine
disrupting chemicals on the fitness of Drosophila melanogaster.
Ecology and evolution, 7(16), 6519-6526.

Morley, E. J., Hirsch, H. V., Hollocher, K., & Lnenicka, G. A. (2003).
Effects of chronic lead exposure on the neuromuscular junction in
Drosophila larvae. Neurotoxicology, 24(1), 35-41.

Graham, J. H., Roe, K. E., & West, T. B. (1993). Effects of lead and
benzene on the developmental stability of Drosophila melanogaster.
Ecotoxicology, 2(3), 185-195.

Dhawan, A., Bajpayee, M. M., Pandey, A. K., & Parmar, D. (2003).
Protocol for the single cell gel electrophoresis/comet assay for rapid
genotoxicity assessment. Sigma, 1077(1), 1-10.

Olive PL, & Banath JP. (2006). The comet assay: a method to measure
DNA damage in individual cells. Nature Protocols | VOL.1 NO.1: 23-
29.

Virgolini, M. B., & Aschner, M. (2021). Molecular mechanisms of
lead neurotoxicity. In Advances in neurotoxicology (Vol. 5, pp. 159-
213). Academic Press.

Dogan, O., & Avei, A. (2018). Bitkilerle tedavi ve ilag etkilesimleri.
Turkiye Klinikleri Journal of Public Health-Special Topic, 4(1), 49-54.

Peterson, E. K., & Long, H. E. (2018). Experimental protocol for using
Drosophila as an invertebrate model system for toxicity testing in the
laboratory. JOVE (Journal of Visualized Experiments), (137), e57450.

Mackay, T. F., & Anholt, R. R. (2006). Of flies and man: Drosophila
as a model for human complex traits. Annu. Rev. Genomics Hum.
Genet., 7, 339-367.



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Olakkaran, S., Antony, A., Purayil, A. K., Kumbar, S. T., &
Puttaswamygowda, G. H. (2018). Lead modulated Heme synthesis
inducing oxidative stress mediated Genotoxicity in Drosophila
melanogaster. Science of the Total Environment, 634, 628-639.

Shilpa, O., Anupama, K. P., Antony, A., & Gurushankara, H. P.
(2021). Lead (Pb) induced oxidative stress as a mechanism to cause
neurotoxicity in Drosophila melanogaster. Toxicology, 462, 152959.

Carmona, E. R., Creus, A., & Marcos, R. (2011). Genotoxicity testing
of two lead-compounds in somatic cells of Drosophila melanogaster.
Mutation  Research/Genetic ~ Toxicology and  Environmental
Mutagenesis, 724(1-2), 35-40.

Liu, Z. H., Shang, J., Yan, L., Wei, T., Xiang, L., Wang, H. L., ... &
Xiao, G. (2020). Oxidative stress caused by lead (Pb) induces iron
deficiency in Drosophila melanogaster. Chemosphere, 243, 125428.

Nanda, K. P., Kumari, C., Dubey, M., & Firdaus, H. (2019). Chronic
lead (Pb) exposure results in diminished hemocyte count and increased
susceptibility to bacterial infection in Drosophila melanogaster.
Chemosphere, 236, 124349.

Niveditha, S., Deepashree, S., Ramesh, S. R., & Shivanandappa, T.
(2017). Sex differences in oxidative stress resistance in relation to
longevity in Drosophila melanogaster. Journal of Comparative
Physiology B, 187, 899-909.

Esquivel, A. R., Douglas, J. C., Loughran, R. M., Rezendes, T. E.,
Reed, K. R., Cains, T. H., ... & Paddock, B. E. (2020). Assessing the
influence of curcumin in sex-specific oxidative stress, survival and
behavior in Drosophila melanogaster. Journal of Experimental
Biology, 223(22), jeb223867.

Boroja, T., Katani¢, J., Rosi¢, G., Selakovi¢, D., Joksimovi¢, J., Misi¢,
D., ... & Mihailovi¢, V. (2018). Summer savory (Satureja hortensis L.)
extract: Phytochemical profile and modulation of cisplatin-induced

[45]

[46]

[47]

(48]

[49]

(50]

(51]

J. Appl. Biol. Sci., 19(2): 81-87, 2025; jabsonline.org

liver, renal and testicular toxicity. Food and Chemical Toxicology, 118,
252-263.

Maskovié¢, P., Velickovié, V., Miti¢, M., BPurovi¢, S., Zekovié, Z.,
Radojkovi¢, M., ... & Vuji¢, J. (2017). Summer savory extracts
prepared by novel extraction methods resulted in enhanced biological
activity. Industrial Crops and Products, 109, 875-881.

Chen, Q., Gan, Z., Zhao, J., Wang, Y., Zhang, S., Li, J., & Ni, Y.
(2014). In vitro comparison of antioxidant capacity of cumin
(Cuminum cyminum L.) oils and their main components. LWT-Food
Science and technology, 55(2), 632-637.

Sahin, F., Karaman, 1, Giilliice, M., Ogiitcii, H., Sengiil, M., Adigiizel,
A., ... & Kotan, R. (2003). Evaluation of antimicrobial activities of
Satureja hortensis L. Journal of ethnopharmacology, 87(1), 61-65.

Abdel-Moneim, A. M., El-Toweissy, M. Y., Ali, A. M., Awad Allah,
A. A. M., Darwish, H. S., & Sadek, I. A. (2015). Curcumin ameliorates
lead (Pb2+)-induced hemato-biochemical alterations and renal
oxidative damage in a rat model. Biological trace element research,
168(1), 206-220

Fierascu, I., Dinu-Pirvu, C. E., Fierascu, R. C., Velescu, B. S., Anuta,
V., Ortan, A., & Jinga, V. (2018). Phytochemical profile and biological
activities of Satureja hortensis L.: A review of the last decade.
Molecules, 23(10), 2458.).

Hassan, E., Kahilo, K., Kamal, T., Hassan, M., & Elgawish, M. S.
(2019). The protective effect of epigallocatechin-3-gallate on testicular
oxidative stress in lead-induced toxicity mediated by Cypl9
gene/estradiol level. Toxicology, 422, 76-83.

Li, F., Liu, Z. H., Tian, X., Liu, T., Wang, H. L., & Xiao, G. (2020).
Black soybean seed coat extract protects Drosophila melanogaster
against Pb toxicity by promoting iron absorption. Journal of Functional
Foods, 75, 104201.

Publisher’s note: Anatolia Academy of Sciences Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation,

distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence,
visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

87


https://jabsonline.org/index.php/jabs
https://creativecommons.org/licenses/by/4.0/

