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Abstract. Toxicity assesment of chemical compounds that can end up into the environment is
extremely important as chemicals have the ability to enter in biological organisms via different pathways
and therefore reshape organisms' development. In vitro tests are successfully used to test chemical
compounds, but do not provide an overall insight into the toxic potential they may have once reach a
whole organism. Study models validated by repeated research, such as Drosophila melanogaster, are
used to performin vivo tests. One of the most significant parameters for testing the toxicity of compounds
on the fruit fly is viability. An effective method to study viability in relation to various exogenous
substances is by altering the diet of the test organisms. The main aim of the study is to better understand
the impact that some chemicals have on animal organisms and to observe the response of fruit fly to
different classes of compounds as seen from the viability perspective. Thus, in order to investigate the
effects of chemicals we have altered the culture media by adding either natural compounds (different
types of water, phytoestrogens) or synthetic compounds (nanoparticles, pesticides). Our findings suggest
that the different types of water do not affect the viability of fuit flies and this has also been proven for
nanoparticles. Regarding pesticides and phytoestrogens, there is a decrease in viability percentages in a
dose-dependent manner.
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INTRODUCTION

The importance of studying chemical exposure of organisms

The quantity of anthropogenic chemicals is increasingly in ecosystems, exposing both
humans and other organisms to potentially toxic or destructive factors. It is imperative to
develop methods for monitoring the exposure of organisms to chemicals in order to predict a
potential environmental hazard and to circumwvent the toxic effects that these substances may
have on organisms. Although significant scientific progress has been made in recent years in
understanding how chemicals (singly or in mixtures) act on organisms, there is room for
optimization and improvement of monitoring and prevention strategies, all with the aim of
ensuring a qualitatively superior living environment (DrRAKVIK et al., 2020). Anthropogenic
chemicals can enter animal organisms by various routes, such as food or water intake,
inhalation or direct contact, and can cause profound disturbance. It is well known that
chemicals have endocrine disrupting effects, which have a massive negative impact on the
reproductive function of animals. Chemicals that produce endocrine dysregulation are called
endocrine disruptors (MARLATT et al., 2022). In humans, there are many substances that can
function as hormone disruptors, including nanoparticles, pesticides and phytoestrogens
(CaserTA el al., 2008; CHARBONNIER et al., 2024).

The need to find model organisms for toxicity assesment emerge from the ethical
issues raised by human testing. The use of non-mammalian organisms may be an alternative
and efficient option. Commonly used model organisms are organisms with a simple life cycle
and which in terms of environmental requirements are not very sophisticated. Among the most
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common model organisms are Daphnia magna, Danio rerio, Caenorhabditis elegans and
Drosophila melanogaster (TkAaczyk et al., 2021, Prokic et al., 2021, TORTELLA et al., 2020).

Drosophila melanogaster as a model organism

Due to the fact that in vitro studies may be incomplete and may not give a
comprehensive view of the potential effects that certain compounds may have at the moment
when they enter a living organism, invertebrate animals, such as the fruit fly, are used to
highlight the toxic potential of these compounds. Drosophila melanogaster is characterized
very well genetically, has a relatively short life cycle, is not financially costly and has fairly
limited and accessible nutritional requirements. Despite being an invertebrate organism, the
fruit fly, has been a key tool in understanding the molecular genetics behind pathological
conditions such as Alzheimer's, Parkinson's and cancer (PARvATHI et al., 2016). From its first
use in the laboratory to the present day, Drosophila melanogaster is a benchmark in basic
research. Fruit flies were first used in the early 1900s by Thomas Hunt Morgan, who was
awarded the Nobel Prize in 1933 for his discoveries on the role chromosomes play in heredity
(MaRkow, 1988). More recently, in 2017, Jeffrey C. Hall, Michael Rosbash and Michael W.
Young were awarded for their discoveries on the mechanisms involved in circadian rhythm,
researchalso carried out using fruit flies (DAs, 2017). Thus, for almost 100 years, Drosophila
melanogaster, has been contributing to fundamental knowledge in extremely diverse fields,
representing a pragmatic decision that does not raise cost/utility questions, while being an easy
organism to maintain and manipulate (ToLwINski, 2017).

During its development Drosophila melanogaster passes through different stages, but
in a relatively short time. Embryonic development starts with fertilization and lasts about a
day, at the end of which the embryo becomes a larva. The larva goes through three stages,
which are different in size. At the end of the third stage, pupation occurs. Inside the pupa the
process of metamorphosis takes place, characterized by profound structural remodelling. After
about nine days the adult is formed. Anatomically, the adult consists of a head, thorax and
abdomen (ALBERTS et al., 2002). Drosophila melanogaster is characterized by a profound
sexual dimorphism that goes beyond anatomical features, including some aspects that are
physiological (BELMONTE et al., 2020).

The protocol by which this test can be performed can be modified due to the
versatility of this model organism, thus according to RAND et al. (2023), several parameters can
be taken into account, according to the developmental stage of the organism to be investigated.
These parameters are related to behaviors or the morphobiological development of the
individuals. In larvae, the most common parameters that could be considered are: viability, life
cycle extension, locomotor dysfunctions, light attraction/avoidance, metamorphosis rate. In
adults the most common test parameters are: viability, longevity, motor function (expressed by
climbing and fighting), light attraction/avoidance. Chemicals can be administered to larvae by
diet and injection and to adults by diet and air suspension of chemicals.

Types of chemicals

1. Phytoestrogens

In the last decades, research on the beneficial or adverse effects of phytoestrogens
present in the human diet has intensified due to their estrogenic or estrogenic-inhibiting
potential in humans and animals (STEcK et al., 2020). Phytoestrogens have multiple benefits
for human health, including a reduced risk of osteoporosis, cardiovascular disease, brain
disorders and decreased menopausal symptoms. However, they can act as endocrine disruptors
and may also induce adverse health effects (Koubourio et al., 2020). Phytoestrogens in the
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human diet function bidirectionally, for example, on one hand, the composition of the gut
microbiota can influence phytoestrogen metabolism, and on the other hand, phytoestrogens and
phytoestrogen metabolites can modulate and remodel the gut microbial composition (SEYED et
al., 2020). Phytoestrogens are non-steroidal polyphenols with a structure that is very similar to
endogenous estradiol and are able to bind to both estrogen receptors alpha and beta (PATERNI
et al., 2014). Estrogen receptors alpha and beta have different functions. Estrogen alpha
receptors act in cell proliferation, while beta receptors are responsible for cell apoptosis
(RIETJENS etal., 2013).

Phytoestrogens are synthesized in plants as secondary metabolites under stress, UV-
irradiation conditions and in response to pathogen attack, so the amounts of phytoestrogens
produced by a plant increase significantly under extreme growing conditions (BourRGAUD et
al.,, 2001). They hawe antibacterial, antifungal, antiviral and antioxidant properties in plants
(VUORELAA et al.,, 2004). The most common phytoestrogens types are: isoflavones,
prenylflavonoids, coumestans, lignans, stilbenes.

2. Pesticides

Chlorantraniliprole (commercially sold as Coragen) is a synthetic insecticide from a
class of pesticides called anthranilic diamides. It controls both adults and caterpillars (larvae)
of moths and butterflies. It also controls some beetles and "true" insects such as aphids and lice
(Gervals et al., 2022). Chlorantraniliprol binds to a specific receptor in muscle called the
ryanodine receptor. Anthranilic diamides, the insecticidal class of chlorantraniliprole, target
insect muscle, stimulating the release of intracellular calcium, which leads to depletion of
calcium stored in the sarcoplasmic reticulum, promoting muscle paralysis, cessation of feeding,
lethargy and death (CasTro et al., 2021).

Captan has been one of the most widely used broad-spectrum fungicides. Particularly
for a wide variety of fruits, captan has been commonly used as an effective preservative,
demonstrating remarkable efficacy in maintaining fruits' bright and healthy external
appearance during storage. However, the misuse of captan has been an emerging problem and
consequently has posed a serious challenge to human health (CHeN et al., 2020). The action
mechanism of captan in fungal death involves inhibition of fungal respiration and metabolic
processes by reacting with sulfhydryl groups to generate nonspecific sulfhydryl reagents
(Zrou et al., 2019).

3. Nanoparticles

Nanoparticles can be categorized into: carbon-based nanoparticles, inorganic
compound (metal)-based nanoparticles, organic compound-based nanoparticles and composite-
based nanoparticles (JEEvaNANDAM et al., 2018). Among inorganic compound-based
nanoparticles, boron-based nanoparticles are very commonly used in various fields. The main
types of boron-based nanoparticles are: boron carbide, boron nitride, boron-based nanoparticles
linked with metal ions, boron-based nanoparticles linked with organic compounds (KozIeN et
al,, 2021, TATIVA et al.,, 2020, SANTHOSH, 2019, EFReEMENKO et al., 2012). There is no
universal answer in terms of finding a central mechanism leading to the occurrence of toxicity
under the influence of nanoparticles, but the formation of reactive oxygen species seems to be a
key element in the dewelopment of such phenomena (SAIFl et al., 2018). Boron-based
nanoparticles can enter the food chain through various pathways, one of the most common
being agriculture. Regarding the use of this type of nanoparticles in agriculture, the
applications are multiple: increasing fruit quality, protection against pathogens, improving the
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content of minerals and pigments in plants (ABD EL-WAHED et al., 2023, GENAIDY et al., 2020,
EL BATAL et al., 2019).

4. Water

Another important factor to consider regarding the interaction of the environment with
organisms is water. Although it is not an exogenous chemical, because of the changes it can
undergo, water can become a potential disruptor for organisms, as few organisms can survive
under physiological conditions in an alkaline water environment, for example. Increased
salinity and alkalinity are characteristics of an alkaline water environment. Environmental
changes of these factors cause stress to organisms by affecting their physiological homeostasis
(Song et al., 2021). Carbonate in alkaline water is an important buffer system for maintaining
an optimal pH. It has been shown that pH fluctuates in aquatic environments with low
alkalinity. In low alkalinity conditions, effects that are not favorable for fishes survival occur
and thus their metabolism will be modulated as to maintain homeostasis, this leading to
impaired nitrogen removal, which can have a negative effect on fishes and on the entire
ecosystem (LoGozzi et al., 2020).

In this study we have investigated the effects of some chemical compounds introduced
into the diet of fruit flies (adults and larvae). The tested compounds are either natural (water,
phytoestrogens) or synthetic (pesticides, nanoparticles). The main aim of the study is to better
understand the impact that the tested compounds have on animal organisms and to obserwve the
response of D. melanogaster to different classes of chemicals.

MATERIAL AND METHODS

For this assay, we used 420 individuals of Drosophila melanogaster (2n=8), wild
type, Oregon, at the adult stage and 240 individuals of the same species at the larval stage. All
the subjects were randomly selected from the faculty's own collection. Both, males and
females, were transferred into tubes. For easier transfer, the individuals were anesthetized with
a small amount of ether for a few seconds. Of all individuals, some tubes were left intentionally
untreated to provide a control sample.

Larvae were removed from the tubes in 5% sucrose solution. Larvae were randomly
extracted at various stages of development and subsequently positioned on the surface of the
medium. The individuals were divided in such a way that for each test tube there were 10 test
individuals.

The medium into which the individuals were transferred consisted of: semolina, yeast,
sugar, distilled water and propionic acid to which we added the test chemicals. The resulting
medium was left overnight to solidify. The viability of adults was monitored after 24 and 48
hours, respectively. In the case of larvae, the number of adult individuals that emerged after 10
and 14 days of testing, respectively, was noted, this parameter being generically referred to as
the metamorphosis rate. Assuming that the developmental cycle in Drosophila melanogaster
takes approximately 10 days (FERNANDEz-MORENO et al., 2007), all individuals that did not
metamorphose within the above proposed time frame were considered non-viable.

Several experiments in which the following chemicals were tested individually on
adults of Drosohpilamelanogaster were therefore performed: phytoestrogens extracted from
Angelica sinensis (from commercially available capsules), isoflavones extracted from Glycine
max (from commercially available capsules), captan (sold commercially as Merpan),
chlorantraniliprole (sold commercially as Coragen), alkaline water, tap water, boron-based
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nanoparticles. Tests on larval stage subjects were performed only for the following
compounds: captan, chlorantraniliprole, alkaline water, tap water, boron-based nanoparticles.

RESULTS AND DISCUSSIONS

In the case of adult individuals we have calculated the viability rate as the number of
living individuals out of the total number of individuals after 24 hours and 48 hours,
respectively. The viability of adults after 48 hours is graphically shown in figure 1, with C1
concentration being the lower used concentration and C2 being the higher used concentration
for each chemical. In the case of synthetic compounds (captan, chlorantraniliprole and
nanoparticles), chlorantraniliprole showed zero viability after 48 hours, which is expected since
itis an insecticide. Howewer, after 24 hours, at low concentrations, the same compound had no
profound effect on viability, with individuals managing to survive. As for captan and boron-
based nanoparticles, both after 24 hours and after 48 hours the recorded viability was
maximum. For natural estrogens, a profound change in viability (less than 50% after 48 hours)
was observed in a dose-dependent manner. In the case of isoflavones, a higher viability is
observed in samples treated with a higher concentration of isoflavones. This can be explained
by the fact that isoflavones have the ability to modulate the metabolism of fruit flies but also by
the fact that isoflavones may have a significant protective role on the epithelial barrier and
general health of D. melanogaster (LUERSEN et al., 2023, PiecHoLDT et al., 2016). As for
water, both alkaline and tap water did not imprint a negative effect, the viability being maximal
in both cases.
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Figure 1. Adults' viability after 48 hours

For the larvae, we have calculated the metamorphosis rate as the percentage of viable
pupae transforming into adults after 10 and 14 days, respectively. The metamorphosis rate of
larvae after 14 days is graphically shown in figure 2, with C1 concentration being the lower
used concentration and C2 being the higher used concentration for each chemical. In the case
of chlorantraniliprole the final metamorphosis rate was 0, which confirms the insecticidal
effects of the compound. In the case of captan the metamorphosis rate was below 50%
suggesting a potential toxic effect of this compound. The literature suggests that when using in

16


http://doi.org/10.59463/RJAS.2025.2.02

Research Journal of Agricultural Science, 57 (2), 2025; ISSN: 2668-926 X
http://doi.org/10.59463/RIAS.2025.2.02

vivo study models captan does not show toxic effects, however in in vitro cultures it may show
cytotoxic effects (OsaBA et al., 2002), this may partly explain why in adults no change in
viability was recorded but in larvae, which are more dependent on the culture medium and are
more sensitive, this chemical compound may still have negative effects. Regarding water, an
increase in metamorphosis rate was observed in alkaline water. It has been shown in previous
experiments that environmental pH can affect the growth and development of D. melanogaster
larvae (Hobeg, 2001).

i i

E
=
o IR 43 A 45%% Shi
= 4 -
=ik R
= 5
= )
=
=R LI
-, 1 it
1
" i, 4 ., " i
L C o i Q
o - E B & o
3 - ! £ 5
I 7 F
] x5 1 r
3 g p F
i .. i
I - -
o d 7
F b
i

Figure 2. Larvae metamorphosis rate after 14 days

CONCLUSIONS

The experiments canand should be replicated using the same model or extrapolated to
other study models to provide a complete perspective on the potential effects of particular
chemicals. Vibility testing in adults and metamorphosis rate in larvae are very relevant and
precise parameters to consider when performing in vivo tests. Our results reaffirm the
suitability of this assay for testing a very wide range of compounds, whether natural of
synthetic.
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