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Abstract: In the study, Cadmium (Cd), which is a environmentally polluting toxic
heavy metal, was added to the diet of model organism Drosophila melanogaster
Meigen through water and food, and it was tried to determine the effect on life-
development and sex ratio by using dry commercial Turkish coffee (TK). The
female and male individuals fed with the Cd acetate (0-30 ppm) and TK (2%) used
also had a long life span. It was determined that the decreasing survival rate with Cd
acetate may increase with the addition of TK to the food, the duration of puberty
may be shortened with TK, and the sex ratio in favor of men even though there is no
difference in nutrition. In addition, it was determined that the use of Cd acetate
shortens the life span of adult individuals, while feeding with TK does not affect this
negative effect much.
Keywords: Drosophila melanogaster, sex ratio, developmental period, Cadmium
acetate, Turkish coffee, longevity.

Introduction

Many substances that cause pollution in nature cannot be destroyed due to the developing
industry and the waste materials released accordingly. This situation brings pollution with it and
affects all living things negatively. Environment, soil, water and air pollution caused by heavy metals
are seen as a very important problem. These contaminating metals affect all organisms directly or
indirectly through the food chain / respiration. Cd is the symbol of Cadmium, which is a dangerous
and toxic heavy metal, and it is a white colored element. The atomic number is 48, the atomic weight
is 112.4, and its valence is + 2. The biological half-life is on average 29 years (Asri et al., 2007; Cosan
et al., 2017). The effect of cadmium acetate [Cd (CH3COQ) 2.2H20] on living things has not been
fully proven, and research is ongoing (Giiner & Kavlak, 2017). The organs first affected by cadmium
and its components are kidneys and liver. Cd accumulating in tissues; high blood pressure, anemia,
bone loss, and even lung cancer can cause important illnesses (Demir et al., 2002, Asar et al., 2004). In
addition, it has been reported to cause toxicity in the urinary, cardiovascular, gastrointestinal and
central nervous systems (Asri et al., 2007; Cosan et al., 2017). The possible effect of cd acetate
especially on the reproductive system is the main purpose of this study. Because Cd acetate taken
indirectly with water and nutrients; It causes the reproduction, survival and development of the species
in nature and the change of the sex. This situation causes species to be endangered or populations
change and another process begins.

The toxic effects of chemical compounds used in industry should be thoroughly tested in rodents,
rabbits or monkeys such as rats or mice. However, it is not possible to test every chemical compound.
Therefore, alternative screening methods, which are cheap and fast, are used in which the possible
effects of a chemical compound in mammals can be accurately defined. For this purpose, some in vivo
and in vitro test systems with non-mammalian animal species are used in the studies. Drosophila
melanogaster Meigen, one of these test systems; It is one of the organisms used in modeling metabolic
disorders, neurodegenerative diseases and cancer (Bilen & Bonini, 2005; Gonzalez, 2013; Owusu-
Ansah & Perrimon, 2014; Hirabayashi, 2016). However it is used, in toxicity studies (Pappus &
Mishra, 2018; Amorim et al., 2019; Rand et al., 2019) and environmental impact studies (Van Straalen
and Roelofs, 2005; Wiman et al., 2016; Ko et al. (2017). Based on the information obtained from
model insects, inferences are made for mammalian models (Brumby and Richardson, 2005; Hariharan
and Bilder, 2006; Miles et al., 2011; Gonzalez, 2013; Hirabayashi, 2016).
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Coffee is the most consumed beverage in the world and has attracted the attention of researchers
due to its carcinogenic, genotoxic and antioxidant effects (Duarte et al., 1999; Abraham & Stopper,
2004; Araque et al., 2007; Arab, 2010; Trinh et al., 2010; Wang et al. 2016; Ko et al., 2017; Nagpal &
Abraham, 2019). It is known that beverages such as wine, coffee and tea can reduce Cd accumulation
in tissues (Winiarska-Mieczan, 2013). However, the effect of Turkish coffee (TK) against heavy
metals such as Cd acetate taken with our daily diet has not been tested in terms of model organisms.
Nowadays, researches on the use of natural ingredients in treatment have gained importance.
Therefore, in our study; It is aimed to investigate the effect of TK, which has a high flavonoid content
and antioxidant effect on heavy metal chelating, on some biological properties of D. melanogaster
against foodborne Cd toxicity.

Materials and Methods

Wild-type (W!'''®) adult flies of D. melanogaster have been cultured in Necmettin Erbakan
University Research Laboratories (Turkey). D. melanogaster was kept in a standard nutrient medium
containing mashed potatoes, agar, sucrose, dry yeast, ascorbic acid, and nipagin at 60-70% humidity,
constant temperature of 25 + 2° C and dark by Niive cooled, ES 120.

Cd acetate was obtained from Dr. Mehmet Okan ERDAL (Meram Vocational School, Necmettin
Erbakan University, Konya, Turkey). Cd acetate (0-30 ppm) was dissolved in distile water was added
to standard insect nutrient, TK (added to 2% of the nutrient) were purchased commercially in October
2019, and the experiment was set up with pre-feeding experiments and previous studies (Cheng, 1980;
Abraham & Graf, 1996; Nagpal & Abraham, 2019). The first stage larvae obtained from the culture
were transferred to this experimental nutritents (Figure 1) by means of a fine tip brush. All
experiments were carried out on four replicates and 100 larvae were used in each replicate.

Figure 1. Experimental design with stock culture (create in BioRender.com)

Newly hatched larvae were feed with extracts until adult stage, and biological traits (survivorship,
development, sex ratio, longevity) of 3™ instar larvae, puparium, female and male were investigated.
In calculating the life expectancy of individuals, the rate of survival was calculated by determining the
non-mature individuals. In mature individuals, they were fed the same food during their survival.
Adults in the control and administration groups were checked and died at the specified time each day
and recorded. The living individuals were transferred to new containers containing food (from the
beginning).

The effects of Cd acetat and TK on insect survival and development were evaluated considering
the percentage of individuals reaching the 3™ larval stage, pup and adult stage and the average time
(days) to reach this stage. Experimental data were expressed as means + S.E. The data were subjected
to statistical analysis (SPSS Inc., Chicago, IL, USA) by one-way analysis of variance (ANOVA) was
followed by lest significant difference (LSD) test to determine significant differences between means.
Mann Whitney U test was used to determine the changes occurring between male and female adult
stages. Data on survivorship were compared by Chi-square test (Snedecor and Cochran, 1967). A
values of p<0.05 was considered significant.
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Results

Commercial TK, which was determined to cause contamination, was sterilized in powder form and

added to the food. According to Table 1, by using Cd acetate and TK in nutrition;

e Feeding the insect with 30 ppm Cd acetate in the larval stage shows lethal effect (Lcso); It was
determined that the rate of larval survival increased from 50% to 60% with TK added to the food.
In Pupal survival rates, TK; While it was not effective in those who fed low doses of Cd acetate,
it was found that the insects fed with high doses of Cd acetate caused a statistically significant
increase in survival rates (from 34% to 50%). In adult individuals; It has been determined that TK
affects the survival rate, but even the low amount of Cd acetate allows half of 100 individuals to
survive. It has been observed that the decrease in adult life repair observed in individuals fed with
nutrients supplemented with Cd acetate increased with the addition of TK to the fattening
medium. While the larval development time in Drosophila can be between 3-4 days, it has been
determined that TK increases this period by 7 days and Cd acetate by 9 days. No statistically
significant difference was observed in the larvae fed with the increased dose of Cd acetate,
although shortening the larval development time with the two substances (Cd acetate + TK) used
together. 4-5 days of pupal development can be extended with Cd acetate approximately 4 times,
and adding TK to the food can decrease this period up to 5 days (from 16 days to 11 days).
Although the use of cd acetate causes the insect to complete its maturation time in about 19 days,
this time can be shortened by 4 days with the use of TK. Although it is statistically low in female
and male ratios; firstly it can be said to be equal or in favor of men

e [t has been identified with the use of Cd acetate, the life span of individuals is reduced by
approximately half; male individuals live longer and adding TK to the nutrient medium does not
affect this negative situation much (Figure 1, LSD Test). When the groups are evaluated among
themselves; There is a statistically significant difference in the life span of females and males in
the group where 10 ppm Cd acetate and TK are added to the food medium (Table 2, p <0.05,
Mann whitney U Test).

Table 1. Effect of Turkish coffee and Cadmium acetate in insects on survival, development and sex
ratio on insect

Survival to the Time to the 3™ Survival to Time to Survival to Time to Sex ratio (%)
3rd larval pupal pupal adult adult
ppm larval stage (%) stage (days) stage (%) stage (day) stage (%) stage (day) Female
(M* + SE)t (M* + SE)t (M* + SE)t (M* + SE)t (M* £ SE)t (M* + SE)t /Male
(M* + SE)+
0.0* 98.0+0.1a 3.8+0.2a 97.5+0.1a 4.8+0.2a 96.0 +0.2a 7.3+0.1a 25/75+0.1a
2%TK 90.1 £0.1a 11.1+0.1b 88.0+0.1b 12.0£0.1b 70.0 £0.1b 155+0.1b  55/45+0.1d
10 Cd 65.0+0.1b 13.0+£0.2¢ 62.0+0.1¢c 14.1+£0.2¢ 50.0+0.1¢ 174+ 02¢c  40/60+0.5bc
acetate
30Cd 50.0+0.2¢ 13.2+0.2¢ 34.0+0.2d 16.0 £0.2d 22.0+0.2d 19.3+0.2d 45/55+0.5¢
acetate
10 Cd 62.5+0.2b 10.0 +0.3b 60.0 £ 0.2¢ 11.1 +£0.3b 56.0 +0.2¢ 15.8+0.3b 35/65+0.2b
acetate
+2% TK
30Cd 60.2 +£0.2b 13.0+0.3¢ 59.0+0.2¢ 15.0+0.3¢ 48.0+0.2¢ 19.0+£0.3d 48/52+0.2¢
acetate
+2% TK

*Mean of four repetitions | Values containing the same lower case in the same column are not
different from each other, p> 0,05 (%2 test, LSD Test); *Control, TK: Turkish Coffee, Cd acetate:
Cadmium acetate M: mean, Standart Error: SE
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Table 2. Effect of nutrition groups created with Turkish coffee and Cadmium acetate on Drosophila
melanogaster life span

Max. Max.
Female life span (day) Male life span (day)
ppm  Life span/Female (M* £ SE)¥ Life span/Male (M* £ SE)¥
(N=100) (N=100)

0.0? 62.5 60.0 £ 0.2A 65.0 62.0+0.2A

TK 2% 66.0 65.0 £ 0.8A 63.0 65.0+0.8A

10 Cd acetate 422 40.0+ 1.2A 48.1 452+ 1.2B

30 Cd acetate 39.5 39.0+ 1.2A 38.5 40.0 £ 1.2A
10 Cd acetate

+TK 2% 43.4 39.0 £ 0.5A 43.0 41.0+0.5B
30 Cd acetate

+ TK 2% 41.7 39.5+£0.5A 40.7 40.5+0.5A

T Values containing the same capital letter in the same line are not different from each other, p< 0.05
(%* test, Mann whitney U Test)
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Figure 1. Effect of nutrition groups created with Turkish Coffee and Cadmium acetate on Drosophila
melanogaster life span (p< 0.05; LSD Test)

Discussion

In the literature; there are studies in which the biological parameters are tested on Drosophila in a
dirty and clean environment created using a single dose of a heavy metal (Posthuma and Van Straalen
1993; Shirley & Sibly, 1999). In these studies, individuals with and without resistance to the
environment are tested. Food chain or respiratory substances affect all organisms. Environmental
impact determination can be easily done in insects, but invertebrates (especially the Diptera group)
that exhibit heavy metal resistance can provide metal homeostasis by forming a resistance protein
(metallotionein) to heavy metals during development (Morgan et al., 2007). Metallotionein, which is
important in heavy metal resistance, is found in Drosophila as it can be found in many creatures
(Maroni & Watson 1985; Sterenborg & Roelofs, 2003; Nguyen et al., 2014). In our study, the culture
of living was prepared with non-Cd water in order to eliminate resistance in living and a clean
environment was created in terms of Cd acetet and generations were grown in this clean environment.

While D. melanogaster larvae have 98% survival rate under constant and normal conditions, this
rate can decrease up to 80% during adulthood. Development period can different between 7-8 days in
total, from larvae to adolescents (Giines et al., 2017). Foods and their contents can change the rate of
living (Giines, 2016). For example, it is known that the resistant Drosophila individuals in the area
contaminated with Cd chlorite (80 pg) increase the survival rate by 62% and the development time by
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40% from 13 days (Shirley & Sibly, 1999). In the study, the rate of survival in the groups formed with
10 ppm Cd acetate (larva-adult) decreased 1.5-1.9, respectively. In order to reduce the toxicity, it was
found that while the rate of 2% TK added to the food remained the same in the larva, it decreased by
1.7 in adulthood. There is tannic acid in the diet used in TK. Tanic acid is also found in beverages
such as tea and fruit. Tanic acid is involved in protecting from heavy metals and reduces Cd
accumulation in tissues (Graf & Wiirgler, 1986; Winiarska-Mieczan, 2013; Cosan et al., 2017; Calis et
al., 2019). This information supports our work. In the study, it was determined that feeding the insect
with TK slightly decreased the rate of living in pup and adolescent. In insects with 30 ppm Cd acetate
and TK added to the medium; It was observed that TK decreased the 1.9% decrease in the larval stage
and the 1.6 decrease in the rate of living. In the process of adulthood; It was determined that the
survival rate of insects fed with Cd acetate decreased by 4.3 compared to the control group. It was
determined that adding TK to the food of these insects caused the relative improvement by reducing
the survival rate by half. Thus, it has been observed that TK has a positive effect on survival rate. For
survival flies, a dose-related decline is responded (Nguyen et al., 2014). In experiments with Cd
nitrate, it has been stated that the substance given from the larval stage is not effective, and the rate of
maturation decreases depending on the concentration after adulthood (Gelegen & Yesilada, 2000).
While lethal effect was 900 ppm Cd nitrate in the same study, the same effect was observed in our
study with 30 ppm Cd acetate. In our study, it was determined that adding Cd acetate to the food did
not reduce the effect of Cd acetate, although the development period of the insect was extended from 7
days to 19 days with the use of Cd acetate. In fact, it was observed that the development, which
extended to 13 days in the larval period, completed 13 days despite the high amount of Cd acetate and
TK. In previous studies, it has been reported that 0.15% ug / ml coffee added to the food shortens the
development period of the insect (Trinh et al., 2010). It is known that, in terms of Cd content, the rate
of living of flies at 80 ppm can decrease significantly (Callaghan & Denny, 2002; Nguyen et al.,
2014). In fact, flies for Cd chloride have been reported to have a maximum tolerance of 10 uM
(Christie et al., 1985; Debec et al., 1985). In our study, it was determined that the flies tolerated a
maximum of 30 ppm Cd acetate. As in other studies (Maroni & Watson 1985; Balamurugan et al.,
2007), liveliness is reduced and development time is extended due to Cd acetate exposure.

Although Cd nitrate does not differ between sex ratios in flies (Yesilada & Gelegen, 2000),
feeding can affect the sex ratios. While some foods increase the ratio of females (Giines et al., 2019),
sometimes an increase in the ratio of males can be observed (Arica et al., 2017). Even coffee added to
food is known to be more effective in males (Nagpal & Abraham, 2019). Because the sex ratio in
insects is important for determining the population density (Yesim & Giilel, 2006). Factors such as the
amount and type of nutrients affect the survival-breeding-egg release status of the species. This causes
an increase in the population. This situation may endanger the continuation of the species. Study;
Although adding Cd acetate and TK to the medium of insects does not ensure that the gender ratios are
equal, it has been found to affect the male part in favor.

The lifetime that differs between species may not be the same even on different sexes of the same
species. It may even differ between different nutritional and environmental conditions and populations
of the same genotype (Kizilet & Uysal, 2012). Nutritional factors such as diet, regimen or intake of
specific nutrients have been shown to alter animal life (Le Bourg 2001; Page et al., 2010; Altun et al.,
2011). Flies can live 60-78 days under constant conditions (Yesilada & Gelegen, 2000; Uysal &
Semendoken, 2011). However, heavy metals such as Cd nitrate shorten the adult lifetime of flies
(Balamurugan et al., 2007). In our study; add Cd acetate in nutrition, it has been observed that the life
span of individuals is shortened by approximately half, males live longer and feeding with TK has no
effect. Coffee is a substance that contains phytochemicals with effective activity against compounds
such as ethyl methanesulfonate and has a known protective effect (Prakash et al., 2014). Coffee taken
up to 2% of the food has been reported to have a positive effect and reduce genotoxicity and
mutagenicity (Abraham & Graf, 1996; Nagpal & Abraham, 2019). It can be said that this situation
supports our study. In another study, it was stated that males individuals live longer than females
similar to this situation (Yesim & Giilel, 2006). In another study with coffee; It has been reported that
coffee has no effect on lifetime (approximately 60 days) without discrimination between females and
males, but decaffeinated coffee reduces the life span (Trinh et al., 2010). Especially the mutations seen
in males individuals have been reported to decrease significantly with coffee (Nagpal & Abraham,
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2019). This situation can be shown as evidence for long-lasting male individuals to get rid of the effect
more quickly, as in our study.

Conclusion

In this study; It has been determined that using TK against exposure to CD acetate has some effect on
the survival rate of the insect, but not on the life span. In the following studies, it is suggested to study
the relationship between female reproduction and aging, biochemical parameters and metal
detoxification.

Acknowledgements: There is no firm to support work. This study was presented as an oral presentation at 3rd
International Hippocrates Congress on Medical and Health Sciences, 6 - 7 March 2020, Ankara, Turkey
and published as an abstract in the abstracts book.

References

Abraham SK, Graf U, (1996) Protection by coffee against somatic genotoxicity in Drosophila: role of
bioactivation capacity. Food & Chem. Toxi., 34(1), 1-14.

Abraham SK, Stopper H, (2004) Anti-genotoxicity of coffee against N-methyl-N-nitro-N-
nitrosoguanidine in mouse lymphoma cells. Mutation Res., 561, 23-33

Altun D, Uysal H, Askin H, and Ayar A, (2011) Determination of the effects of genistein on the
longevity of Drosophila melanogaster Meigen (Diptera; Drosophilidae). Bull. Environ.l Contam.
& Toxi., 86(1), 120-123.

Amorim EM, de Santana SL, da Silva AS, de Aquino NC, Silveira ER, Ximenes RM, Rohde C, (2020)
Genotoxic assessment of the dry decoction of Myracrodruon urundeuva Allemao (Anacardiaceae)
leaves in somatic cells of Drosophila melanogaster by the Comet and SMART assays. Environ
Mol Mutagen. 61(3):329-337

Arab L, (2010) Epidemiologic evidence on coffee and cancer. Nutrition & Cancer, 62, 271-283.

Araque P, Casanova H, Ortiz C, Henao B, Pelaez C, (2007) Insecticidal activity of caffeine aqueous
solutions and caffeine oleate emulsions against Drosophila melanogaster and Hypothenemus
hampei. J. Agri. & Food Chem., 55(17), 6918-6922.

Arica SC, Demirci S, Ozyilmaz A, Oz S, and Arslantas E, (2017) The effects of some macroalgae on
viability of Drosophila melanogaster. Su Uriin. Der., 34(4), 451-454.

Asar M, Kayisli UA, Izgut-Uysal VN, Akkoyunlu G. (2004) Immunohistochemical and ultrastructural
changes in the renal cortex of cadmium-treated rats. Bio. Trace Element Res., 97, 249-263.

Asri FO, Sénmez S, Citak S, (2007) Kadmiyumun Cevre ve Insan Sagligi Uzerine Etkileri. Derim,
24(1), 32-39.

Balamurugan K, Egli D, Hua H, Rajaram R, Seisenbacher G, Georgiev O and Schaffner W (2007),
Copper homeostasis in Drosophila by complex interplay of import, storage and behavioral
avoidance. Europ. Molec. Bio.Org., 26(4), 1035-1044

Bilen J, Bonini NM, (2005) Drosophila as a model for human neurodegenerative disease. Ann. Rev.
Genetics, 39, 153-171.

Brumby AM, Richardson HE, (2005) Using Drosophila melanogaster to map human cancer pathways.
Nature Rev. Cancer, 5(8), 626-639.

Callaghan A, Denny N, (2002) Evidence for an interaction between p-glycoprotein and cadmium
toxicity in cadmium-resistant and-susceptible strains of Drosophila melanogaster. Ecotox. &
Environ. Saf., 52(3), 211-213.

Cheng L, (1980) Incorporation of cadmium into Drosophila. Environmental Pollution Series A, Eco.
& Biol., 21(2), 85-88.

Christie NT, Williams MW and Jacobson KB, (1985) Genetic and physiological parameters associated
with cadmium toxicity in Drosophila melanogaster. Biochemical Genetics, 23(7-8), 571-583.
Cosan DT, Aylin DAL, Soyocak A, Colak E, Cigek A, Hiillyam K, (2017) Kadmiyum toksisitesi
olusturulan siganlarda tannik asitin, agir metal giderimi ve bazi biyokimyasal degerler {izerine

etkisinin arastirilmasi. Kocatepe Tip Der., 18(4), 146-153.

Calis 1U, Soyocak A, Dal A, Kurt H, Colak E and Turgut Cosan D, (2019) Antioxidative effects of
tannic acid, cacao oil and st. John’s wort oil on the oxidative stress induced by cadmium in
packed human erythrocytes. Biol. Div. & Conser., 12(3), 1-6.



J. Int. Environmental Application and Science, Vol. 15(1): 1-8 (2020)

Debec A, Mokdad R, Wegnez M, (1985) Metallothioneins and resistance to cadmium poisoning in
Drosophila cells. Biochem. & Bioph. Res. Comm., 127(1), 143-152.

Demir N, Akkoyunlu G, Agar A, Yargicoglu P, Tanriover G, Demir R, (2002) Effect of cadmium on
sciatic nerve in diabetic rats: An ultrastructural study. Int. J. Neurosci., 112, 779-796.

Duarte MP, Laires A, Gaspar J, Ledo D, Oliveira JS, Rueff J, (1999) Genotoxicity of instant coffee:
Possible involvement of phenolic compounds. Mutation Res., 442(1),43-51.

Gelegen L, and Yesilada E, (2000) The effect of cadmium nitrate on some developmental properties of
Drosophila Melanogaster. Turkish Journal of Biology, 24(3), 585-592.

Gonzalez C, (2013) Drosophila melanogaster: a model and a tool to investigate malignancy and
identify new therapeutics. Nature Rev. Cancer, 13(3), 172-183.

Graf U, Wiirgler FE, (1986) Investigation of coffee in Drosophila genotoxicity tests. Food & Chem.
Toxic., 24(8), 835-842.

Giiner O, Kavlak O, (2017). Kadmiyumun erkek iireme sistemi iizerine etkisi. Andr. Biil., 19(3), 86-
91.

Giines E, (2016) Besinler ve beslenme ¢aligmalarinda Drosophila. KSU Doga Bilimleri Dergisi, 19(3),
236-243.

Giines E, Erdal MO, Gemi L, (2017) The effect of nanofiber on the biological traits of Drosophila
Melanogaster. Sakarya Un. Fen Bil. Enst. Der., 21(6), 1608-1612

Gilnes E, Sert D and Ercetin K, (2019) Bal mumu ve propolis gibi kaplama iiriinlerinin bocekteki
etkisinin belirlenmesi. Igdir Un. Fen Bil.Enst. Der., 9(4), 2133-2139.

Hariharan IK and Bilder D, (2006) Regulation of imaginal disc growth by tumor-suppressor genes in
Drosophila. Ann. Rev. Genetics, 40, 335-361.

Hirabayashi S, (2016) The interplay between obesity and cancer: A fly view. Disease Models &
Mech., 9(9), 917-926.

Kizilet H, Uysal H, (2012) Ergin Drosophila’nin émiir uzunlugunda kronik zeralenon alimina bagl
olarak toksisitenin uyarilmas1 Atatiirk Un. Ziraat Fak. Der.,43(1), 1-5.

Ko BS, Ahn SH, Noh DO, Hong KB, Han SH, Suh HJ, (2017) Effect of explosion-puffed coffee on
locomotor activity and behavioral patterns in Drosophila melanogaster. Food Res. Int., 100, 252-
260.

Le Bourg E, (2001) Oxidative stress, aging and longevity in Drosophila melanogaster. Fed. European
Biochem. Soc. Letter, 498 (1), 183—186.

Maroni G Watson D, (1985) Uptake and binding of cadmium, copper and zinc by Drosophila
melanogaster larvae. Insect Biochemistry, 15(1), 55-63.

Miles WO, Dyson NJ, Walker JA, (2011) Modeling tumor invasion and metastasis in Drosophila.
Disease Models & Mechanisms, 4(6), 753-761.

Morgan AJ, Kille P, Stiirzenbaum SR, (2007) Microevolution and ecotoxicology of metals in
invertebrates. Environ. Sci. & Tech., 41(4), 1085-1096.

Nagpal I, Abraham SK, (2019) Coffee mitigates cyclophosphamide-induced genotoxic damage in
Drosophila melanogaster germ cells. Drug And Chemical Toxicology, 42(5), 502-508.

Nguyen AH, Altomare LE and McElwain MC, (2014) Decreased accumulation of cadmium in
Drosophila selected for resistance suggests a mechanism independent of metallothionein. Bio.
Trace Element Res., 160(2), 245-249.

Owusu-Ansah E, Perrimon N, (2014) Modeling metabolic homeostasis and nutrient sensing in
Drosophila: implications for aging and metabolic diseases. Disease Models & Mechanisms, 1(3),
343-350.

Page MM, Robb EL, Salway KD Stuart JA, (2010) Mitochondrial redox metabolism: aging, longevity
and dietary effects. Mechanisms of Ageing & Develop., 131(1), 242-252.

Pappus SA, Mishra M, (2018) A Drosophila model to decipher the toxicity of nanoparticles taken
through oral routes. In: Cellular and Molecular Toxicology of Nanoparticles, pp. 311-322.
Springer, Cham.

Posthuma L, Van Straalen NM, (1993) Heavy-metal adaptation in terrestrial invertebrates: a review of
occurrence, genetics, physiology and ecological consequences. Comparative Biochem. & Physi.
Part C: Pharma, Toxic. & Endocr., 106(1), 11-38.



J. Int. Environmental Application and Science, Vol. 15(1): 1-8 (2020)

Prakash G, Hosetti BB, Dhananjaya BL, (2014) Protective effect of caffeine on Ethyl
methanesulfonate-induced wing primordial cells of Drosophila melanogaster. Toxic. Int., 21(1),
96.

Rand MD, Prince LM, Vorojeikina D, (2019) Drosophotoxicology: elucidating kinetic and dynamic
pathways of methylmercury toxicity in a Drosophila model. Front. Gen., 10, 666

Shirley MD, Sibly RM, (1999) Genetic basis of a between environment trade off involving resistance
to cadmium in Drosophila melanogaster. Evolution, 53(3), 826-836.

Snedecor GW, Cochran WG, (1967) Statistical methods. lowa State University Press, Ames, lowa, 4.

Sterenborg I, Roelofs D, (2003) Field-selected cadmium tolerance in the springtail Orchesella cincta is
correlated with increased metallothionein mRNA expression. Insect Biochem. & Mole. Bio.,
33(7), 741-747.

Trinh K, Andrews L, Krause J, Hanak T, Lee D, Gelb M, Pallanck L, (2010) Decaffeinated coffee and
nicotine-free tobacco provide neuroprotection in Drosophila models of Parkinson's disease
through an NRF2-dependent mechanism. J. Neuros., 30(16), 5525-5532.

Uysal H and Semerddken S, (2011) Sentetik gida boyalarmin drosophila melanogaster’in oregon r
soyunda larval toksisite ve ergin émiir uzunlugu iizerine etkilerinin belirlenmesi. Kafkas Un., Fen
Bil. Enst. Der., 4(1), 71-87.

Van Straalen NM, Roelofs D, (2005) Cadmium tolerance in a soil arthropod. Entomologische
Berichten, 65(4), 105-111.

Wang A, Wang S1, Zhu C, Huang H, Wu L, Wan X, Yang X, Zhang H, Miao R, He L, Sang X, Zhao
H (2016) Coffee and cancer risk: a meta-analysis of prospective observational studies. Sci. Rep.,
6,33711.

Wiman NG, Dalton DT, Anfora G, et al. (2016). Drosophila suzukii population response to
environment and management strategies. J. Pest Sci., 89(3), 653-665.

Winiarska-Mieczan A, (2013) Protective effect of tannic acid on the brain of adult rats exposed to
cadmium and lead. Environ. Toxi. & Pharm., 36(1), 9-18.

Yesilada E and Gelegen L, (2000) Drosophila melanogaster’in omiir uzunlugu iizerine kadmiyum
nitratin etkisi. Turkish J Bio., 24, 593-599.

Yesim K and Giilel A, (2006) Fotoperiyot ve besin ¢esidinin Drosophila melanogaster Meigen, 1830
(Diptera). Anadolu Tarim Bilim. Der., 21(2), 204-212.



	*Mean of four repetitions † Values containing the same lower case in the same column are not different from each other, p> 0,05 ((2 test, LSD Test); aControl, TK: Turkish Coffee, Cd acetate: Cadmium acetate M: mean, Standart Error: SE
	† Values containing the same capital letter in the same line are not different from each other, p< 0.05 ((2 test, Mann whitney U Test)
	Figure 1. Effect of nutrition groups created with Turkish Coffee and Cadmium acetate on Drosophila  melanogaster life span (p< 0.05; LSD Test)
	Abraham SK, Graf U, (1996) Protection by coffee against somatic genotoxicity in Drosophila: role of bioactivation capacity. Food & Chem. Toxi., 34(1), 1-14.
	Amorim ÉM, de Santana SL, da Silva AS, de Aquino NC, Silveira ER, Ximenes RM, Rohde C, (2020) Genotoxic assessment of the dry decoction of Myracrodruon urundeuva Allemão (Anacardiaceae) leaves in somatic cells of Drosophila melanogaster by the Comet a...

