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ABSTRACT

Objective: Laboratory research on management strategies such as biological and chemical control usually demands rearing
high numbers of high-quality insects. For this reason, there is a need for detailed information about which antimicrobial
agents should be added to their diets in order to obtain high quality insects.

Materials and Methods: Niclosamide, which is an anthelmintic derivative of salisilanilid, was added in amounts of 100,
200, 400 and 800 mg/L into artificial diets of Drosophila melanogaster (Meigen). The effects on survival rate, developmental
time and adult longevity of the insects were examined. Furthermore, the effect of this anthelmintic antibiotic on important
oxidative stress indicators; lipid peroxidation product, malondialdehyde (MDA) and protein oxidation products; protein
carbonyl (PCO) contents and a detoxification enzyme, glutathione S-transferase (GST) activity in 3rd instar larvae, pupae and
adult stage of the insect were also investigated.

Results: Compared with those insects on the control diet, the tested concentrations of niclosamide significantly decreased
survival rate in all developmental stages of the insect. The control diet produced 94.0 + 1.0 % of 3 stage larvae whereas
in the highest concentration (800 mg/L) this ratio decreased to 14.00 % + 1.73. While 42.08 + 0.50 % of the adults survived
in the control diet, longevity decreased to 2.30 + 0.15 days in the highest concentration. All concentrations of niclosamide
resulted in increased MDA contents in the last larval stage of D. melanogaster and concentrations of 100, 200 and 800 mg/L
niclosamide increased pupal MDA content in comparison to the control group. At low concentrations of niclosamide, PCO
decreased in the last stage of larvae. The diet with 400 mg/L niclosamide concentration significiantly increased GST activity
in pupal stage.

Conclusion: The results of this work indicated that the negative effects of niclosamide on biological characteristics of D.
melanogaster are due to an increase in the oxidative stress and crippled detoxification capacity of the insect.
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INTRODUCTION results were obtained in these studies. In previous
studies, antibiotics were used to prevent microbial

Agricultural pesticides that reduce the growth and yield contamination, to stimulate food intake, and to

of plants of nutritional significance are widely used
today. Although these pesticides are effective methods
for controlling insect populations in agricultural fields
the improper use of these pesticides can cause several
pest species to develop resistance against them (1).

Recent studies have led to the use of clinically important
antimicrobial antibiotics as pesticides and significant

determine their effects on pests by administering them
into the culture medium where pests were propagated
(2-8). The most recent studies have demonstrated that
these antibiotics cause oxidative effects on pests in
various biochemical assays. Blylikguizel and Kalender
(9-11) reported that changes in the activities of alanine
aminotransferase and aspartate aminotransferase
enzymes are indicators of the severity of antibiotic
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toxicity in pests. In many studies, it has been shown that a low
concentration of antibiotics can be used to protect the synthetic
diets from contamination and also that high concentrations of
antibiotics can be used in insect management (8-15).

Furthermore, it is also known that certain insects, including
Galleria mellonella  (Linnaeus), Drosophila melanogaster
(Meigen) are used as a models to test the action of clinical
antiparasitic, antibacterial and antifungal drugs (16). Several
species in the Drosophila genus became model organisms used
in genetic and biochemical studies due to their easy culture
in a laboratory environment, short life cycle, and the ability to
produce a large number of offspring in one generation (17).
Thus, it is a suitable experimental animal to test the biological
effects of certain commonly used chemicals (18-20).

Niclosamide is among the active ingredients of drugs used in
the treatment of infections induced by cestodes in humans
and animals (21,22). Niclosamides act by inhibiting oxidative
phosphorylation in parasite mitochondria. Furthermore, they
can inhibit the anaerobic metabolism in several helminthic
parasites. Anthelmintic drugs interfere with neuromuscular
transmission by disrupting the main energy metabolism
pathways in parasites. By affecting glucose absorption or
transportation, they disrupt the glycogen metabolism,
preventing glycolysis. They inhibit nucleic acid synthesis
and eventually reproduction. Niclosamide is not significantly
absorbed in the gastrointestinal tract and excreted in the
stool. The absorbed part is converted to an active metabolite,
aminoniclosamide (23).

Various xenobiotics stimulate production of free radicals (24)
which lead to oxidative damage in all cellular compounds
(carbohydrate, lipid, protein, DNA, RNA), especially to
membrane phospholipids. As a result, the membranes become
depolarized, the activity of the detoxifying enzymes increases,
and the permeability of the cell membrane and the electrical
chargebalance changes (25). Antioxidants are vital biomolecules
that can dissolve in water or oil, providing defense against free
radicals and oxidative stress that are harmful to the body (26).
Antioxidant enzymes are capable of minimizing the damage
caused by free radicals, or eliminating it. These enzymes are
catalase (CAT), glutathione-S-transferases (GST), peroxidase,
and superoxide dismutase (SOD). GSTs are detoxifying enzymes
found in vertebrates, plants, insects, yeasts, and aerobic bacteria
(27). The phase Il biotransformation enzyme GST catalyzes the
conjugation of glutathione to a wide variety of xenobiotics with
an electrophilic site, yielding more water-soluble xenobiotics
and facilitating their excretion. Therefore, we decided to
examine if niclosamide can alter lipid peroxidation, measured
as malondialdehyde (MDA) concentration, as well as the activity
of the detoxification enzyme GST.

In the present study, D. melanogaster was used as a model
organism. The effects of niclosamide (a salicylanilide group
anthelminthic substance) on the biological properties of D.
melanagaster, lipid peroxidation and protein oxidation levels
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in the 3“stage larval, pupal and adult stages of the insect and
detoxification enzyme GST activity and the biochemical and
physiological bases of the correlation between the oxidative
stress and the mechanism of action of certain concentrations
of niclosamide on biological properties of the insect were
investigated.

MATERIALS AND METHODS

Drosophila melanogaster Culture and Experimental Medium
W' strain adult D. melanogaster (Diptera: Drosophilidae)
individuals were procured from the University of Masaryk, Czech
Republic, and brought to our laboratory. Stock culture was
produced in the Zonguldak Bilent Ecevit University, Molecular
Biology and Genetics Department, Biochemistry and Physiology
research laboratory in glass bottles with artificial diets. The egg-
laying of adult individuals, larval stage, pupal stage and adult
stage were sustained on this artificial diet including potatoes
and sucrose (28,29) and the adult individuals were sustained
with a new culture. The stock culture and experimental setup
were conducted in a laboratory environment with a relative
humidity of 60-70%, 12 hours of light, 12 hours of darkness and
25+ 2 °C.The diet used to sustain the culture was also used as a
control diet in culture tests conducted to examine the effect of
niclosamide on D. melanogaster.

Niclosamide Use in the Experiments

Niclosamide (2,5-Dichloro-4"-nitrosalicylanilide white yellow
powder, 98%) was obtained from Sigma-Aldrich (St. Louis, Mo.,
USA). Pre-nutritional tests were conducted with niclosamide to
determine the range of test concentrations. The concentration
range where D. melanogaster could complete the development
stages until the adult stage was determined. In addition to
the control group, 100, 200, 400 and 800 mg niclosamide
doses were added to 1000 mL diet in tests conducted with a
niclosamide supplement. Niclosamide was added when the
temperature of the food prepared for the experiment reaches
room temperature. Niclosamide was mixed with the diet until
it was homogenously mixed. In control experiments, only diets
without niclosamide were used.

Niclosamide Tests on Survival Rate and Developmental
Time of D. melanogaster

In tests conducted to determine the survival rate and
developmental time of D. melanogaster, an artificial culture
medium was prepared and the tested concentrations of
niclosamide were added to the culture media. Cultures were
distributed in equal amounts into 15 ml glass bottles. Twenty-
five 1%t stage larvae were placed in each control media without
niclosamide and the media containing 100, 200, 400 and 800
mg/L niclosamide using a soft-tipped brush and then covered
with a cotton wad. The rates of the larvae that reached to the 3™
stage, pupa and adult stages from the 1t stage were calculated.
The time it took the larvae to reach the 3" stage, pupa and adult
stages was determined in days. All experiments were conducted
in 4 replicates at 25 = 2 °C and 60-70% relative humidity, 12
hours light, 12 hours dark in the laboratory.
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Niclosamide Tests on the Adult Longevity of D. melanogaster
A 5 ml control group culture media without niclosamide and
100, 200, 400 and 800 mg/L niclosamide administered groups
were added in twenty five 15 ml glass bottles. Using a soft-
tipped brush, the first stage larvae were placed in the culture
media. The 1% stage larvae were cultured until the adult stage
in this way. Until the adult stage, individuals were transferred
daily to bottles containing 5 ml evenly distributed culture
media. The adults in the control group and the study groups
with different niclosamide concentrations were checked every
day at a certain time. The adult longevity of each adult was
determined until the last individual expired. This process was
conducted under the environmental conditions where the
stock insects were cultured.

Biochemical Analysis

Twenty-five larvae, pupa and adults were collected from the D.
melanogaster eggs released into the culture mediain the control
and each of the above-mentioned niclosamide concentration
groups. The process was repeated four times. MDA and protein
carbonyl (PCO) amounts and GST activity were determined
for the collected larvae, pupae and adults. The individuals
harvested at each developmental stage were extracted in a
homogenization buffer using an ultrasonic homogenizer (10
sec, 30 W) (Bandelin Sonoplus, HD2070, Berlin, Germany) and
conducted at +4 °C for 15 seconds. The obtained homogenate
was centrifuged at 16000 x g for 20 min for the GST assay. In
the MDA quantity assays, the samples were passed through an
ultrasonic homogenizer and the homogenate was centrifuged
at 2000 x g for 15 min at 4 ° C. For the determination of PCO, the
supernatant was obtained by centrifuging the homogenized
samples at 1000 x g for 10 min at +4 °C. In this stage of the
study, MDA, PCO levels and GST activity were determined for
the larvae, pupa and adult individuals cultured in 100, 200, 400
and 800 mg/L niclosamide concentrations.

Measurement of MDA Level

An ultrasonic homogenizer was used for the disintegration of
the D. melanogaster samples (15 sec, 30 W) (Bandelin Sonoplus,
HD2070, Berlin, Germany). The MDA level, which is the final
product of lipid peroxidation with TBA, was calculated by
reading the absorbance at 532 nm. Plastic 1.5 cm cuvettes were
used in MDA analysis. The MDA level was expressed as nmol/mg
protein (30) using 1.56 x 105 M'cm™ coefficient.

Measurement of PCO Level

Protein carbonyl determination was conducted based on the
methoddevelopedbyLevineetal.(31) with certain modifications
(32) where with carbonyl groups in the protein formed a stable
2,4-dinitrophenyl hydrosol (DNP) with 2,4-dinitrophenyl
hydrazine (DNPH) in strong acidic environment (2 M HCl) and
the absorbance of the products was measured at 370 nm.

Measurement of GST Activity

The method developed by Habig et al. (33) was used to measure
the GST (EC 2.5.1.18) activity. Enzyme activity was measured as
the amount of thioether generated at 1T minute per 1 mg total

protein in the supernatant at 340 nm (g, : 0.0096 uM.cm™). The

specific activity of the enzyme is pmol/mg protein/min.

Measurement of Total Protein Content

Total protein amounts of the samples were used to calculate
MDA levels and GST activity. The absorbances of the samples
were measured at 600 nm. Different concentrations of BSA
(Bovine serum albumin) solutions were prepared for the protein
assay and a standard graph was obtained. Total protein content
was calculated using the above-mentioned standard graph (34).
Total protein assay was conducted to calculate the PCO level
that occurred as a result of protein oxidation. The absorbance
of the samples was measured spectrophotometrically at 280
nm. BSA standard solutions were prepared with 6 M guanidine
hydrochloride. The total protein amount was calculated by
plotting a standard graph (35).

Statistical Analysis

One-way analysis of variance (ANOVA) was used to analyze
the data on the developmental time, adult longevity, MDA,
PCO levels, GST activities (36), the “LSD Test” (37) was used to
determine the significance of the difference between the means,
and the “x2 (Chi square) test” was used to analyze the survival
rate (36). The significance of the mean values was determined at
a0.05 significance level. Correlation analysis was also performed
between the tested concentrations and our data (37).

RESULTS

The Effects of Niclosamide on Survival Rate and
Developmental Time of D. melanogaster Larvae

The survival rate of D. melanogaster indicated that all tested
niclosamide concentrations significantly reduced the survival
rate of 3" stage larvae, pupae and adults when compared to
the niclosamide-free control diet (Figures 1-3). We found a
significant negative correlation between the niclosamide
concentration and survival rate of 3" stage larvae (R*= 0.97,P <

0.05), pupae (R*=10.97, P < 0.05) and adults (R*= 0.97, P < 0.05).
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Figure 1. The effects of niclosamide on the survival rate of D.
melanogaster 3 larval stage. Each columns represents the
mean of four treatment groups, 25 insects in this developmental
stages were used for each groups. The columns containing the
same letter are not different from each other, P< 0.05 (X? test).
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In the control culture, 94.00 + 1.00% of the larvae reached the
third stage and this rate decreased to 14.00 £ 1.73% at the
highest niclosamide concentration of 800 mg/L. Similarly, the
survival rates decreased to 81.00 £ 1.65, 65.00 £ 2.17 and 50.00
+ 1.00 at 100, 200 and 400 mg/L niclosamide concentrations,
respectively (Figure 1).

The rate of reaching the pupal stage in the control culture was
94.00 + 1.00, while the rate of reaching the pupal stage decreased
81.00 £ 1.65,63.00 + 3.57,50.00 + 1.00, 14.00 + 1.73 in niclosamide
concentrations (100, 200, 400, 800 mg/L), respectively (Figure 2).
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Figure 2. The effects of niclosamide on the survival rate of D.
melanogaster pupa. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (X test).

Similar to the larval and pupal stage survival rates, the survival
rate of the adult individuals decreased significantly when
compared to the control culture. The survival rate significantly
decreased at 800 mg/L niclosamide concentration, the highest
concentration tested, to 11.00 £ 0.86, while in control culture,
the survival rate was 94.00 + 1.00 (Figure 3).
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Figure 3. The effects of niclosamide on the survival rate of D.
melanogaster adult. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (X? test).
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First three niclosamide concentrations (100, 200, 400 mg/L) did
not have a statistically significant effect on the developmental
time of D. melanogaster to reach the last larval stage, pupal and
adult stages (Figures 4-6).

Developmental time of third
instar larvae (Day)

Control 100 200 400

Niclosamide concentrations (mg/L)

800

Figure 4. The effects of niclosamide on the developmental time
of D. melanogaster 3" larval stage. Each columns represents the
mean of four treatment groups, 25 insects in this developmental
stages were used for each groups. The columns containing the
same letter are not different from each other, P< 0.05 (LSD test).

Developmental time of pupae
(Day)

100
Niclosamide concentrations (mg/L)

Control 200 400 800

Figure 5. The effects of niclosamide on the developmental time
of D. melanogaster pupa. Each columns represents the mean of
four treatment groups, 25 insects in this developmental stages
were used for each groups. The columns containing the same
letter are not different from each other, P< 0.05 (LSD test).

When the control culture was compared with the culture that
contained the highest niclosamide concentration (800 mg/L),
it was found that the highest tested niclosamide concentration
prolonged the time required to reach the 3 larval to the pupal
stages by 1 day and the time required to reach the adult stage
was determined as 3 days. In the present study, we obtained
a positive correlation between the tested concentrations and
developmental time of larval (R* = 0.88, P < 0.05), pupal (R? =
0.93,P <0.05),adult (R*= 0.76 P <0.05) stage.The developmental
effects of niclosamide on 3" larval, pupal and adult individuals
are presented in Figures 4-6.
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Developmental time of adult
(Day)

Control 100 200 400 800
Niclosamide concentrations (mg/L)

Figure 6. The effects of niclosamide on the developmental time
of D. melanogaster adult. Each columns represents the mean of
four treatment groups, 25 insects in this developmental stages
were used for each groups. The columns containing the same
letter are not different from each other, P< 0.05 (LSD test).

The Effects of Niclosamide on D. melanogaster Adult Longevity
The effect of niclosamide on the adult longevity of adult D.
melanogaster individuals is presented in Figure 7. The mean
adult longevity was 42.08 + 0.50 days in the control group, while
it was 22.89 +0.52 days in 100 mg/L anthelmintic concentration,
16.35 + 0.33 days in 200 mg/L concentration, 8.41 + 0.51 days
in 400 mg/L concentration, and 2.30 + 0.15 days in 800 mg/L
concentration. It was determined that the adult longevity
decreased as the niclosamide concentration in the culture
increased. These result was showed that a negative correlation
was found between the tested niclosamide concentration and
adult longevity of D. melanogaster (R* = 0.096, P < 0.05)
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Figure 7. The effects of niclosamide on the adult longevity of D.
melanogaster adult. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).

The Effects of Niclosamide on MDA, PCO, and GST Activity
in Different Development Stages of D. melanogaster

The MDA levels in the 3 stage D. melanogaster larvae fed
with artificial diets that included the tested niclosamide
concentrations decreased when compared to the control

(nmol/mg protein)

MDA content of third instar larvae

Control 100 200 400 800
Niclosamide concentrations (mg/L)

Figure 8. The effects of niclosamide on MDA levels in D.
melanogaster 3 larval stage. Each columns represents the
mean of four treatment groups, 25 insects in this developmental
stages were used for each groups. The columns containing the
same letter are not different from each other, P< 0.05 (LSD test).

group. In the control group, the MDA level was 0.99 + 0.15
nmol/mg protein, while the MDA levels in all tested niclosamide
concentrations (100, 200, 400, 800 mg/L) were 0.43 = 0.10, 0.37
+ 0.04, 0.47 + 0.14, 0.56 £+ 0.07 nmol/mg protein, respectively
(Figure 8). The MDA levels in the pupal stage insect cultured
with different niclosamide concentrations decreased in 100, 200
and 800 mg/L concentrations when compared to the control
group. The control group MDA level was 1.50 + 0.42 nmol/mg
protein, while the MDA levels at all tested concentrations (100,
200, 800 mg/L) were 0.58 +0.14,0.59 £ 0.09,1.67 £ 0.06 and 0.71
+ 0.04 nmol/mg protein, respectively (Figure 9). Although we
observed increasing MDA contents in adult stage insects, there
was no statistically significant effect (Figure 10).

It was determined that the PCO content was 341.13 £ 92.5
nmol/mg protein in the niclosamide-free control group 3
stage larvae. The PCO levels in the third stage D. melanogaster
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Figure 9. The effects of niclosamide on MDA levels in D.
melanogaster pupa. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).
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Figure 10. The effects of niclosamide on the MDA levels in D.
melanogaster adult. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).

larvae in the groups cultured with artificial diets containing
100, 200 and 400 mg/L niclosamide concentrations were 97.68

500
450
400

350 -
300
250

200 -
150
100
50
0

PCO content of third instar
larvae (nmol/mg protein)

100 200 400
Niclosamide concentrations (mg/L)

800

Control

Figure 11. The effects of niclosamide on PCO levels in D.
melanogaster 3 stage larvae. Each columns represents the
mean of four treatment groups, 25 insects in this developmental
stages were used for each groups. The columns containing the

same letter are not different from each other, P< 0.05 (LSD test).

+23.0,76.89 + 4.2, 118.87 £ 1.6 nmol/mg protein, respectively,
and this decrease was statistically significant (Figure 11).

Compared with the control group, there was no statistically
effect in all the niclosamide groups, but our data showed that
there was a significant effect between the 400mg/L and 800

mg/L niclosamide concentrations (Figure 12). In the control

group, it was found that the PCO level in adult D. melanogaster
individuals was 158.63 + 34.1 nmol/mg protein. Although the
PCO level was 95.35 + 12.4 nmol/mg protein in the highest
tested niclosamide concentration of 800 mg/L, the difference

was not statistically significant when compared to the control

group. However, there was a significant effect difference
between the highest niclosamide concentration and 200 mg/L

niclosamide concentration (Figure 13).
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Figure 12. The effects of niclosamide on PCO levels in D.
melanogaster pupa. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).
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Figure 13. The effects of niclosamide on PCO levels in D.
melanogaster adult. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).
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Figure 14. The effects of niclosamide on GST activity in D.
melanogaster 3 stage larvae. Each columns represents the
mean of four treatment groups, 25 insects in this developmental
stages were used for each groups. The columns containing the
same letter are not different from each other, P< 0.05 (LSD test).
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Figure 15. The effects of niclosamide on GST activity in D.
melanogaster pupa. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).
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Figure 16. The effects of niclosamide on GST activity in D.
melanogaster adult. Each columns represents the mean of four
treatment groups, 25 insects in this developmental stages were
used for each groups. The columns containing the same letter
are not different from each other, P< 0.05 (LSD test).

The effects of niclosamide on the GST activity in D. melonogaster
larvae, pupae and adults were investigated in the present study
conducted with the anthelmintic substance niclosamide, and it
was observed that GST activity decreased at higher concentrations
of niclosamide when compared to the control group results
(Figures 14-16). Analysis of the impact of niclosamide on the GST
activity in D. melanogaster pupa demonstrated that control group
GST activity was 45.82 + 9.8 umol/mg protein/min and GST activity
significantly increased to 171.99 + 23.0 umol/mg protein/min at 400
mg/L niclosamide concentration. It was observed that GST activity
increased three-fold when the GST activity in the group with the
highest niclosamide concentration (800 mg/L) was compared
to that of the control group. The GST activity determined in the
control group was 54.31 £ 15.0 umol/mg protein/min (Figure 15).
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DISCUSSION

In the present study, the D. melanogaster model was used
to research the effects of niclosamide, a salycilanide group
anthelmintic substance, on vital parameters and antioxidant
and oxidant levels of the insect. We investigated the effect
of the niclosamide supplement to the semi-synthetic diet
on the survival and development rates until adult stage
and adult longevity of the newly hatched larvae of the
model organism D. melanogaster. In the next stage, lipid
peroxidation, protein oxidation and the antioxidant enzyme
GST activity in different development stages of the insect
(larval, pupal and adult stage) were investigated.

It was determined that all niclosamide concentrations
significantly reduced the survival rate until the 3" larval, pupal
and adult stages. In a study conducted by Sak and Uckan (38) on
the effects of cypermethrin on pupation and mortality rates of
Galleria mellonella, and similar to our findings, it was determined
that as the cypermethrin dose increased, larval development
and pupation time were delayed, and, pupation ratio decreased.
In certain studies, it was observed that administration of boron-
derivative chemicals such as boric acid and sodium tetraborate
to various diets as pesticides delayed the development at
high concentrations, decreased egg production and hatching,
increased mortality in larval and pupal stages and adult
longevity (39-43). In our study, the highest concentration
delayed the development stage of the larvae, pupae, and adult
stages of D. melanogaster and was also statistically significant.
In the present study, a statistically significant decrease was
observed in adult longevity with the increase in niclosamide
concentration. It was determined that catalase (CAT) activity
increased in Zaprionus paravittiger (Godbole & Vaidya) fed with
a diet that included antioxidant sodium hypophosphite, and
there was a positive correlation between adult longevity and
CAT activity (44). Similarly, the adult longevity of Z. paravittiger,
fed with low concentrations of butylated hydroxyl anisole as
an antioxidant, increased, its development was delayed, and
egg production was decreased (45). The findings of the present
study demonstrated that the adult longevity significantly
decreased in the highest concentration of niclosamide when
compared to the control culture, and the antioxidant enzyme
GST activity increased significantly at the same concentration
in the adult stage.

The highest niclosamide concentration (800 mg/L) led to a
significant delay in all development stages, while other tested
niclosamide concentrations did not have a significant impact on
the developmental time. In a previous study by Biiytikguizel and
Kayaoglu (46), the in vivo insecticidal effect of niclosamide was
investigated on G. mellonella larvae and it was determined that
niclosamide significantly reduced the survival rates of 7% stage
larvae, pupae and adults, and similar to the present findings,
the highest niclosamide concentration (1.0%) significantly
prolonged the adult developmental time. The highest
niclosamide concentration delayed larval development by 5
days, pupal development by 4 days and adult stage by 6 days. In
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a similar study, excessive production of the peptides (peptide-
S-methionine sulfoxide reductase) that contain methionine, an
amino acid that plays a role in the treatment of oxidative damage,
in D. melanogaster increased the maximum adult longevity,
excessive production of glutamate-cysteine-ligase increased the
adult longevity by 24%, excessive production of apolipoprotein D
was effective in the resistance against hydrogen peroxide (H,0,)
and prolonged the adult longevity of D. melanogaster by 26% (47).
In a study conducted by Cruz et al. (48), boric acid that was added
to the Apis mellifera (L.) culture at the rates of 2.5 and 7.5 (mg/g
diet) increased the mortality rate in worker larvae compared to
the control group and 2.5 mg boric acid administration killed
100% of the larvae on the 5""and 6™ days, while the mortality rate
with the 7.5 mg dose was 100% on the 4 day.

It is known that several biomolecules play a role in the
regulation of various enzyme activities and preservation of the
cell membrane integrity. Thus, the diet intake during the larval
time has a significant impact on the development of the insect
(49). The present study determined that niclosamide had a
negative impact on the survival and development parameters
of the insect and significant changes were observed in MDA,
PCO levels and GST activity in all development stages. A similar
effect was observed with the significantly increased MDA levels
in the midgut of G. mellonella larvae that were cultured with
streptomycin (11). It was determined that MDA and hence,
GST activities significantly decreased in 100, 200, 400 and 800
mg/L niclosamide supplementation to the insect larvae culture
when compared to the control group. It was observed that
niclosamide did not alter the structure of the culture medium
where the insect was cultured, and even had a positive effect on
the existing artificial diet components. Microbial contamination
is the most common problem in insect species artificially
cultured with artificial diets in a laboratory environment (10).
Thus, various antimicrobial agents have been used in culture
studies to prevent contaminations due to artificial culture media
and to culture high quality adult individuals (12-14). Based
on the present study findings, it is suggested that the tested
niclosamide concentrations had a positive impact on the MDA,
PCO levels and GST activities in the larval stage when the diet
quality was increased by increasing the diet quality, and that
a decrease in MDA levels during larval and pupal stages could
be due to an adaptation developed by the insect. It can also be
suggested that the reduction in PCO and MDA levels could be
due to the proper functioning of the insect antioxidant defense
system enzymes. Furthermore, it is known that the same insect
species could require different physiological conditions and
diets in different development stages (37). Thus, the changes in
the effects of the tested niclosamide in the diet mixture on the
life parameters and biochemical analyzes conducted in different
stages were expected results.

It is known that xenobiotics lead to an increase in MDA and
PCO levels due to the oxidative stress in tissues (50-53). It
was determined that a 400 mg/L niclosamide concentration
in the pupal stage and 200 mg/L concentration in the adult
stage of D. melanogaster significantly increased PCO levels,
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one of the important oxidative stress markers. These findings
demonstrated that the effects of niclosamide on the biological
properties of insects were related to oxidative stress, and it
also showed that these effects varied based on niclosamide
concentration and the developmental stage of the insects. It
was determined that GST activity significantly increased with
400 mg/L niclosamide concentration in pupal stage and with
the highest concentration of 800 mg/L in the adult stage. It
was observed that this increase was parallel to the increase
in the PCO levels. The findings suggested that niclosamide
could affect life parameters and other biochemical functions
in insects through a second activity mechanism, namely the
oxidative stress it causes, in addition to its primary activity. A
similar effect was reported by Agianian et al. (54). They reported
that two major forms of GST were found in D. melanogaster;
GST-Delta (GST-1) and GST 2, and a third form of GST was found
in Drosophila simulans (Sturtevant) (GST-Epsilon). Hunaiti et al.
(55) found that the GST-Delta and the third form increased
resistance to insecticides in Drosophila, while GST 2 was found
in the flight muscles of the insect. In another study, it was
demonstrated that 620 ppm and higher (1250 and 2500 ppm)
concentrations of boric acid decreased the survival rate of G.
mellonella, shortened the developmental time and extended
the adult life span, and the same concentrations increased
the MDA levels in the hemolymph and fat tissues of newborn
individuals and significantly altered the antioxidant enzymes
superoxide dismutase (SOD), CAT, GST and glutathione
peroxidase (GPx) activities in final stage larvae and new pupae
(43). A previous study investigated the effect of endosulfan
on GST activity in different stages of Helicoverpa armigera
(Hibner), and it was found that the activity was the lowest in
insect eggs, pupae and adults, and it was suggested that this
decrease was the resistance of the insect against the chemical
exposure (56).

Several studies on certain insect species demonstrated that
xenobiotics led to oxidative stress in various insect tissues
and alterations were observed in antioxidative defense
mechanisms against this stress (32, 57-60). The increase in
GST activity in the pupal and adult stages of D. melanogaster
in high niclosamide concentrations (400-800 mg/L) could be
due to the prooxidant effect of niclosamide supplement in
the culture. In a study conducted on the effects of different
concentrations of diazinon, an organophosphate insecticide,
on SOD and CAT enzyme activities in Pimpla turionellae
(Linnaeus), it was reported that SOD activity significantly
increased when compared to the control group, and as a result,
CAT activity increased as well (61). The effects of pyriproxyfen,
a juvenile hormone analog, on SOD and CAT activities in G.
mellonella larvae was investigated and 0.0001, 0.0005, 0.001
and 0.005 mg/ml pyriproxyfen doses increased the SOD
and CAT antioxidant enzyme activities after 24, 48 and 72
hours of application (62). Another study demonstrated that
organophosphate insecticide fenitrothion induced changes
in fatty tissue weight and SOD and CAT antioxidant enzyme
activities in cotton moth Spodoptera exigua L. and flour pest
Tenebrio molitor L. (63) Cadmium administration increased
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MDA levels, a lipid peroxidation product, in Oncopeltus
fasciatus (Dallas), a heteropteran species, and reduced the
activities of certain antioxidant enzymes (CAT, GR, GST) (64).

CONCLUSION

We believe that this study contributes to science in three
ways. Firstly, there is no information regarding the effect of
niclosamide on insects when added to the Drosophila diet
under laboratory conditions. Secondly, our data showed that the
low concentrations of niclosamide may be applied to prevent
diet contamination in mass production of insects in laboratory
conditions. Thirdly, the high concentrations of this chemical can
negatively affect survival, developmentand certain physiological
parameters of the insect. In this context, with the results
obtained from this study the significance of D. melanogaster,
which is an important model organism, in toxicology studies
is revealed. Due to the above mentioned reasons, it can be
concluded that this is a pioneering study in its evaluate as an
alternative chemical substance that may be used in against to
harmful insects. While various studies were conducted with
antibiotics with different mechanisms of action and chemical
structures on various insect groups, further detailed studies on a
wider group of insects should also be conducted.
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