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Neuroprotective effects of ferulic acid and thymoquinone 

against deltamethrin-induced neurotoxicity in Drosophila 

melanogaster 
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ackground: Recent research indicates a link between exposure to pyrethroid pesticides and negative 

neurodevelopmental outcomes such as neurodegenerative disorders, low intelligence quotient (IQ), and 

attention disorders. Thus this study aims (1) to investigate the effect of exposing Drosophila 

melanogaster adult male flies to 0.59 µM deltamethrin (DLM) for 24 h on their survival, climbing behavior, and 

acetylcholinesterase (AChE) activity, as well as the gene expression levels of ple, ddc, dat, aanat1, dop1r1, 

dop2r, and dopecr genes, and (2) to assess the protective effect of 250 µM Ferulic acid (FA), 25 µM 

Thymoquinone (TQ), and their combinations on the survival, climbing behavior, and AChE activity of D. 

melanogaster adult male flies exposed to 0.59 µM DLM for 72 h. 

Methods: In the first experiment, adult male wild-type flies were exposed to DLM incorporated into a 10% 

sucrose solution for 24 h, whereas, in the second experiment, they were exposed to DLM and the individual 

neuroprotective agents, or their mixture for 72 h.  

Results: Flies exposed to DLM exhibited higher mortality rates and shorter climbing distances in the negative 

geotaxis assay compared to control flies. Additionally, exposure to DLM upregulated the genes ddc, dat, dop1r1, 

dop2r, and dopecr significantly. Moreover, exposure to DLM for 72 h resulted in higher mortality rates and 

severe locomotor defects. However, the neuroprotective agents were effective in mitigating these toxic effects. 

While DLM inhibited AChE activity, concurrent exposure to FA ameliorated the inhibition. 

Conclusion: This study demonstrates the efficacy of natural compounds in reducing DLM-induced toxicity in 

D. melanogaster and highlights the potential use of this model in studying and developing therapeutic 

strategies for movement disorders. 
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Introduction 

Deltamethrin (DLM) is a synthetic type II pyrethroid 

with broad-spectrum insecticide properties. Besides 

protecting crops and golf courses, it is also used to 

control animal ticks and vector-borne diseases. Due to 

its high efficiency, DLM has become one of the most 

widely used pesticides for household pest control. Thus, 

numerous individuals are being exposed to DLM, which 

can lead to serious health problems [1  , 2]. Based on 

epidemiological and animal studies, long-term exposure 

to low doses of DLM was associated with behavioral and 

molecular abnormalities that may lead to 

neurodegenerative disorders, developmental deficits, 

and learning impairments [3 , 4]. Similar to other 

pyrethroids, DLM primarily acts by prolonging voltage-

gated sodium channel opening, triggering repetitive 

firing of neurons followed by depolarizing blockage of 

neurons, resulting in subsequent insect death. A variety 

of other functions can also be exerted by DLM on 

biological membranes, including voltage-gated calcium 

channels, chloride channels, and GABAA receptors [5 , 

6]. It has been shown that DLM induces oxidative stress, 

which contributes to pathological cell death in 

numerous neurodegenerative diseases, such as 

Alzheimer's disease and Parkinson's disease (PD) [7 , 8 , 

9]. It is likely that the general population is readily 

exposed to DLM and other chemicals, either through 

direct or indirect exposure to pesticide-treated food. 

Understanding how these pesticides are damaging the 

nervous system is critical to know the mechanisms by 

which they do so. 

Phytochemicals are plant-based chemicals that 

exhibit significant health-promoting properties. Due to 

their antioxidant properties, phytochemicals have 

received considerable attention in recent years for their 

role in protecting cells against environmental toxins [10 

, 11]. In several clinical trials, phytochemicals have 

shown promising results as neuroprotective agents 

targeting the treatment of neurodegenerative disorders 

[12 , 13]. Ferulic acid (FA), a naturally occurring phenolic 

compound that belongs to the hydroxycinnamic acid 

family, is found mainly in plants. It is a well-studied 

natural molecule with powerful neuroprotective effects 

[14]. The antioxidant property of FA is well known due 

to its free radical scavenging effect. In a recent study, FA 

attenuated neuroinflammation and improved 

behavioral deficits in the 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) mouse model of PD [15]. 

Through antioxidant and anti-inflammatory properties, 

FA has also been shown to have a promising 

neuroprotective effect against rotenone-induced 

neurodegeneration in rats as a model for PD [16]. Aside 

from its antioxidant and anti-inflammatory properties, 

FA also regulates various neuro-signaling pathways 

through interactions with multiple receptors or 

enzymes. Additionally, it regulates a variety of pro-

inflammatory cytokines expression as well as pro-

apoptotic signals, which may explain its 

neurotherapeutic action [17]. Furthermore, 

thymoquinone (TQ) is one of the major bioactive 

components of Nigella sativa essential oil commonly 

found in the Middle East, and Africa.  Numerous studies 

have demonstrated that TQ has a variety of potent 

pharmacological effects, including antioxidant, and 

anti-inflammatory [18]. Moreover, TQ has been shown 

to reduce the levels of intracellular reactive oxygen 

species (ROS) in neuronal cells, and to downregulate 

pro-inflammatory cytokines [19 , 20]. A potential 

protective effect of TQ on dopaminergic neurons was 

reported against 1-methyl-4-phenylpyridinium ions and 

rotenone cytotoxicity in cell culture experiments, 

highlighting its antioxidant role in cells protection [21]. 

In rotenone-animal models of PD, TQ suppressed 

Parkinson's symptoms, including dyskinesia [22]. 

Furthermore, TQ was shown to ameliorate the toxicity 

induced by 1-methyl-4-phenylpyridinium or rotenone 

in primary cultured dopaminergic neurons [23 , 24]. 

Combination therapy or multi-component therapy 

involves combining two or more therapeutic agents to 

enhance their biochemical activity by exploiting 

additive effects, or better yet, greater-than-additive 

effects, between the two agents. A clear understanding 

of the interactions within and between natural product 

mixture components is essential for achieving specific 

biological effects that can provide valuable resources for 

drug development [25]. 

Drosophila melanogaster (fruit fly) is a versatile model 

organism that has been used extensively for biological 

research to study diverse disciplines ranging from 

fundamental genetics to tissue and organ development 

[26 , 27]. Together, the Drosophila model system with 

the feasible genetic and molecular tools, made the fruit 

flies serve as a valuable in vivo model to study the effects 

of environmental toxicants and to screen potential 

therapeutic drugs [11 , 28 , 29, 30 , 31 , 32].  

Since antioxidants have been shown to effectively 

alleviate DLM-induced toxicity in previous 

interventions [5], along with FA and TQ, they have also 

been widely reported to possess neuroprotective 

properties due to their antioxidant effects. Therefore, 

the objectives of this study are twofold: (1) to investigate 

the effect of exposing D. melanogaster adult male flies 

to 0.59 µM DLM for 24 h on their survival, climbing 

behavior, and AChE activity, as well as the gene 

expression levels of tyrosine hydroxylase (ple), DOPA 

decarboxylase (ddc), DA transporter (dat), D1-like 

receptor 1 (dop1r1), D2-like receptor (dop2r), 

DA/ecdysteroid receptor (dopecr), and DA 

arylalkylamine N-acetyltransferase (aanat1) and (2) to 

assess the protective effect of 250 µM FA, 25 µM TQ, and 
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their combinations on the survival, climbing behavior, 

and AChE activity of D. melanogaster adult male flies 

exposed to 0.59 µM DLM for 72 h. However, gene 

expression analysis was not performed in the second 

objective due to time and resource constraints. 

Methods 

Chemicals 

The following chemicals were acquired from Sigma 

Aldrich (St. Louis, MO, USA): deltamethrin 

(PESTANAL®), trans-ferulic acid, thymoquinone, and 

acetylthiocholine iodide, as well as 5′,5′-dithiobis(2-

nitrobenzoic acid) (DTNB). In addition, dimethyl 

sulfoxide (DMSO) with a purity of 99.9% was obtained 

from Heiltropfen, Germany. 

Fly strain and rearing 

Throughout all of our experiments, we used wild-type D. 
melanogaster fruit flies (Oregon R strain). For a more in-

depth explanation of the rearing conditions, we refer to 

our prior research [33]. In summary, the flies were reared  

on instant Drosophila medium while being subjected to 

controlled environmental conditions, including a 

temperature of 23±1°C and a 12:12 h light-dark cycle. 

Exposure to DLM for 24 h 

In a previous publication [33], we described and used a 

feeding device to expose flies to chlorpyrifos, which was 

dissolved in a 10% sucrose solution. In short, male flies 

that were synchronized in age (4-6 days old) were briefly 

anesthetized with cold and transferred into each feeding 

device. All experiments were conducted in triplicate, 

and each experiment was replicated three times (n = 3) 

with new vials to prevent any contamination. Therefore, 

each experiment contained three feeding devices for the 

insecticide treatment (0.59 µM DLM) and three devices 

for the control (sucrose solution containing DMSO). The 

concentration of DMSO in the control group was 

equivalent to that of the DLM treatment group and did 

not result in any significant mortality or disruption in 

the flies' movement (data not shown). 

Exposure to DLM and neuroprotective agents for 72 h 

In this experiment, the flies were exposed to eight 

treatments incorporated into 10% sucrose solution 

using a feeding device for 72 h:  (1) control (DMSO); (2) 

0.59 μM DLM; (3) 250 μM FA; (4) 25 μM TQ; (5) FA+TQ; 

(6) DLM+FA; (7) DLM+TQ; and (8) DLM+FA+TQ. The 

DLM, FA, and TQ  were first dissolved in DMSO and then 

diluted to the specific concentration using the sucrose 

solution. Each feeding device was charged with fresh 

chemicals every 24 h. 

Assessment of fly survival 

Survival rates of flies were recorded 24-72 h after 

introducing the flies to feeding devices. Dead flies were 

identified by lack of coordinated movement. Surviving 

flies were used for subsequent tests. 

Negative geotaxis assay  

The test used a climbing device made of two plastic vials 

held together with tape, and a digital camera was used 

to record fly behavior. Flies were collected with an 

aspirator and allowed to acclimate for 30 min before 

being tapped down to the bottom of the vial and timed 

for 8 s of climbing. The experiment was repeated five 

times for technical replicates and three times for 

biological replicates. Six climbing devices were used 

simultaneously, and the distances climbed by each fly 

were measured using PAST software [33]. 

RT-qPCR 

We adhered to the same procedure utilized in our 

previous study [33]. To elaborate, we extracted RNA 

from the flies and then used 50 ng of total RNA in 

triplicate with the Luna® Universal One-Step RT-qPCR 

Kit (New England Biolabs Inc., Ipswich, USA) for RT-

qPCR. The reaction was conducted in a QuantStudio 5 

Real-Time PCR system (Applied Biosystems) following 

the manufacturer's instructions. We evaluated the 

relative transcript level of ple, ddc, dat, aanat1, dop1r1, 

dop2r, and dopecr genes through the 2(-ΔΔCt) method, 

where glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) served as the reference gene for normalization 

[34]. 

Determination of AChE activity 

The method of Ellman et al. [38] was utilized to evaluate 

the activity of acetylcholinesterase. To start, fly samples 

were homogenized at a ratio of 1:100 (flies(mg)/volume 

µL PBS (pH 7.4) + protease inhibitor cocktail) and then 

centrifuged at 5000 rpm for 5 min at 4°C. The resulting 

supernatant was then used as the source of the enzyme. 

The reaction mixture consisted of 80 µL of phosphate-

buffered saline (PBS) (pH 7.4), 50 µL of 0.32 mM DTNB, 

20 µL of the sample (supernatant), and 50 µL of 10 mM 

acetylthiocholine. The optical densities (ODs) were read 

for 10 minutes at a 405 nm wavelength using a Platos-

R-496-AMP AMEDA microplate reader (Labordiagnostik 

GmbH, Graz, Austria). Acetylcholinesterase activity was 

calculated using the following formulas [39]: 

% inhibition = (Control-Treatment/Control)*100                  (Eq. 1)                                 

Remaining activity = 100 - % inhibition.                                  (Eq. 2) 

 

Statistical analysis 

We performed all statistical analyses using GraphPad 

Prism 9 for Windows (GraphPad Software, San Diego, 

CA, United States). To identify differences between the 

treatment groups and the control group, a two-tailed 

Student's t-test was employed. A one-way ANOVA was 

used to analyze the AChE % activity, followed by the 

Bonferroni post hoc test. Gene expression data was 
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analyzed using a two-way ANOVA followed by the 

Bonferroni post hoc test. Any differences with a p-value 

of less than 0.05 were considered statistically 

significant. The data was presented as mean ± standard 

error of the mean (SEM). 

Results 

Effect of DLM on fly survival 

Male adult flies exposed to 0.59 µM of DLM for 24 h 

exhibited a significant  decline in the percentage of 

surviving flies (82.2%) in comparison to the control 

group (100%) (P = 0.0047) (Figure 1). 

 

 
Figure 1: Effect of exposure to 0.59 µM Deltamethrin (DLM) on 
the survival of adult male Drosophila melanogaster flies after 24 h. 
The bars in the graph represent the mean ± SEM of the average 
survival percentage of the flies. Data analysis was conducted using 
a two-tailed Student's t-test, with significant differences indicated 
by **P ≤ 0.005. 

Effect of DLM on locomotor performance 

Wild-type flies exposed to DLM for 24 h displayed a big 

defect in reaching the top of the climbing apparatus as 

compared to the control flies. The average distance 

climbed by the untreated flies was 11.01 cm compared to 

2.70 cm in DLM-treated flies during 8 s (P = 0.0025) 

(Figure 2). 

 
Figure 2: Effect of exposure to 0.59 µM Deltamethrin (DLM) on 
climbing behavior of adult male Drosophila melanogaster flies 
after 24 h. Average climbed distance was measured in cm during 
8 s. The bars in the graph represent the mean ± SEM of the average 
survival percentage of the flies. Data analysis was conducted using 
a two-tailed Student's t-test, with significant differences indicated 
by **P ≤ 0.005. 

Effect of DLM on AChE activity 

A significant difference was detected in AChE activity 

after 24 h of exposure to DLM, the enzyme activity 

exhibited a 9.56 % (P = 0.0476) decrease compared to the 

control (Figure 3). 

 
Figure 3: The percentage of acetylcholinesterase activity (%)  
measured in adult male Drosophila melanogaster flies exposed to 
0.59 µM Deltamethrin (DLM) for 24 h. The data was analyzed by a 
two-tailed Student's t-test, and the results are expressed as a 
percentage of the control (mean ± SEM). Significant differences 
between the DLM group and the control were indicated by *P < 
0.05. 

Effect of DLM on gene expression profile of 

dopaminergic system 

Exposure to DLM caused a significant upregulation 

effect on dop1r1 85.20% (P = 0.0002), dat 75.85% (P = 

0.0082), ddc 51.66% (P = 0.0353) (Figure 4), dop2r 

67.06% (P = 0.0039), and dopecr 64.16% (P = 0.0058) 

(Figure 5). Although no statistically significant 

differences were found among the other genes, DLM 

produced upregulation in all of them with 26.90% ple 

and 28.74% aanat1 (Figure 4). 

 
Figure 4: The gene expression levels of ple, ddc, dat, and aanat1 
genes were measured in adult male Drosophila melanogaster flies 
exposed to 0.59 µM Deltamethrin (DLM) for 24 h using RT-qPCR. 
The results were expressed as the mean of fold change ± SEM 
relative to control flies. Data analysis was conducted using two-
way ANOVA followed by Bonferroni's multiple comparisons test. 
Significant differences were indicated by *P < 0.05, and **P ≤ 05. 

Effect of neuroprotective agents on survival of DLM-

treated flies 

Flies exposed to 0.59 µM DLM for 72 h had a significant 

decrease in survival 56.67% compared to the control 
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100% (P < 0.0001) (Figure 6). Co-exposure of flies to 0.59 

µM DLM, 250 µM FA, 25 µM TQ, and their combination 

(FA + TQ), significantly improved the survival 

percentage by 19.1% (P < 0.0001), 22.9 % (P < 0.0001), 

and 17.7% (P = 0.0002), respectively (Figure 6). Neither 

FA, TQ, nor their combined administration had a 

significant effect on the survival of the flies, with 

97.19%, 99.44, and 100.00%, respectively (Figure 6). 
 

 
Figure 5:  The gene expression levels of dop1r1, dop2r, and dopecr 
genes measured in adult male Drosophila melanogaster flies 
exposed to 0.59 µM Deltamethrin (DLM) for 24 h using RT-qPCR. 
The results were expressed as the mean of fold change ± SEM 
relative to control flies. Data analysis was conducted using two-
way ANOVA followed by Bonferroni's multiple comparisons test. 
Significant differences were indicated by **P ≤ 0.005, and ***P ≤ 
0.0005. 

 
Figure 6: Effects of Deltamethrin (DLM) at 0.59 µM, Ferulic Acid 
(FA) at 250 µM, Thymoquinone (TQ) at 25 µM, and their mixture 
on the survival of male Drosophila melanogaster flies were 
investigated after 72 h of exposure. The bars in the graph 
represent the mean ± SEM of the average survival percentage of 
flies. Data were analyzed using one-way ANOVA followed by 
Bonferroni's multiple comparisons test, and significant 
differences were indicated by ***P < 0.001 and ****P < 0.0001.  

Locomotor performance of flies exposed to DLM and 

neuroprotective agents 

Exposing the flies to 0.59 µM DLM for 72 h displayed a 

big defect in reaching the top of the climbing apparatus 

as compared to control flies indicating locomotor 

dysfunction. The average distance climbed by the 

control group was 12.73 cm compared to 1.22 cm in DLM 

treated group during 8 s (P < 0.0001) (Figure 7). Co-

exposure of flies to 250 µM FA, 25 µM TQ, and their 

combination prevented locomotor impairment induced 

by the DLM (Figure 7). Flies exposed to DLM+ FA, DLM+ 

TQ, and DLM+ Mix climbed higher distances 3.48 (P = 

0.0343), 3.27 (P = 0.0304), and 2.70 cm (P = 0.2977), 

respectively than flies exposed to DLM alone (Figure 7). 

The FA, TQ, and their combined administration did not 

have a significant effect on the locomotor performance 

of flies with 12.35, 12.69, and 12.07 cm climbing 

distances, respectively (Figure 7). 

 
Figure 7: Effect of exposure to 0.59 µM Deltamethrin (DLM), 250 
µM Ferulic Acid (FA), 25 µM Thymoquinone (TQ), and their 
combinations for 72 h on the climbing behavior of Drosophila 
melanogaster  evaluated by measuring the average distance (cm) 
climbed by the flies in 8 s. The bars represent the mean ± SEM of 
the average distance climbed by the flies. Statistical analysis was 
performed using one-way ANOVA followed by Bonferroni's 
multiple comparisons test. A nonsignificant result (P > 0.05) is 
indicated as ns, while significant differences are denoted as *P < 
0.05 and ****P < 0.0001. 

Effect of neuroprotective agents on the AChE activity in 

flies exposed to DLM 

The AChE activity was inhibited with a 48.30% reduction 

in the flies exposed to DLM for 72 h (P = 0.032) (Figure 

8). Co-exposure to the neuroprotective agents did not 

completely restore the enzyme activity compared to the 

control. However, FA alleviated the inhibition to 

26.22%. Whereas, TQ did not show any improvement in 

the AChE activity, yet, the combined effect of FA and TQ 

alleviated the inhibition to 25.04%. The neuroprotective 

agents did not show any adverse effect on the AChE 

enzyme when administered alone.  
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Figure 8: The percentage of acetylcholinesterase activity (%) in 
Drosophila melanogaster adult male flies exposed to 0.59 µM 
Deltamethrin (DLM), 250 µM Ferulic Acid (FA), 25 µM 
Thymoquinone (TQ), and their combinations for 72 h. The results 
are expressed as a percentage of the control (mean ± SEM). Data 
were analyzed by one-way ANOVA followed by Bonferroni's 
multiple comparisons test. Significant differences were observed 
with *P < 0.05.   

Discussion 

The harmful effects of insecticides on organisms, 

particularly commonly used ones, are a pressing 

concern, as exposure to these chemicals in the 

environment can damage biological systems. The 

present study evaluated the effects of DLM, a major 

pyrethroid insecticide, on the expression of 

dopaminergic genes, AChE activity, and impairment of 

behavior in D. melanogaster. Additionally, it 

investigated the possible ameliorative mechanism of FA 

and TQ as natural compounds. Our data revealed that 

DLM caused damage to the exposed flies, and FA and TQ 

mitigated some of the harmful effects. 

Deltamethrin is the most powerful synthetic 

pyrethroid that is easily available to the general 

consumer market. Exposure to DLM and other 

pyrethroids has become widespread mainly because they 

were used as substitutes for organophosphorus 

insecticides [8 , 40]. Pyrethroids have quick access to 

tissues, including the central nervous system (CNS), due 

to their lipophilic nature. Thus, it is possible that even 

small doses can produce significant biological and 

pathophysiological effects. In recent years, pyrethroid 

exposure has been linked to neurophysiological and 

neurobehavioral disorders in humans [41]. The 

generation of free radicals by DLM leads to behavioral 

changes mediated by the altered action of 

neurotransmitters [42]. In recent years, plant-based 

foods and their active components have attracted 

scientific attention for their health-promoting 

properties. The free radical scavenging activity of 

natural products appears to play an important role in 

their antioxidant activity; thus, the role of natural 

compounds had recently received considerable 

attention as a dietary antioxidant. In different 

experimental studies, FA and TQ were reported to have 

neuroprotective effects [16 , 22]. Hence, the findings of 

the current study shed light on some aspects of the 

neurotoxicity of DLM.  

We initially studied the effects of DLM on the 

locomotor, dopaminergic, and cholinergic systems of D. 
melanogaster. A 24-hour exposure to DLM significantly 

reduced fly survival rate and climbing abilities of 

surviving flies. Similar observations were reported in 

rats exposed to DLM that exhibited decreased locomotor 

activity [43 , 44]. Additionally, a significant reduction in 

AChE activity was observed. Deltamethrin caused 

alteration in the expression of dopamine (DA) -related 

genes. We observed significant upregulation of DA 

receptor genes with the highest upregulation observed 

in dop1r1 followed by dop2r, dopecr, dat and the ddc. 

Even though the other genes did not exhibit significant 

changes, there was a slight upregulation following the 

same trend of the affected genes. It is likely that DLM 

induced oxidative stress, which in turn, induced rapid 

upregulation of all genes. Another explanation is that 

DLM depleted the DA content in D. melanogaster and 

activated the negative feedback mechanism in which 

genes responsible for DA biosynthesis (ple, and ddc) 

were upregulated to compensate for the loss of DA and 

DA- receptors (dop1r1, dop2r, and dopecr) were 

upregulated as a response of increased dat expression. 

In fact, dat upregulation is documented as a sign of 

pyrethroid exposure and toxicity. Additionally, the gene 

responsible for DA metabolism (aanat1) was 

upregulated consolidating the DA loss hypothesis. One 

experiment showed that in dat overexpressing mice, the 

levels of D1 and D2 receptors were significantly 

increased, suggesting that changes in DA-receptor 

found in DLM-exposed mice are the result of 

upregulation in response to an increase in the number 

of DAT and, subsequently, a decrease in extracellular 

levels of DA [45]. Consistent with our findings, a study 

reported that developmental DLM exposure increased 

striatal D1 levels in male mice [45]. On the contrary, 

larval fish exposed to DLM developmentally showed 

decreased expression of dr1d1, increased levels of 

tyrosine hydroxylase (TH), and decreased drd2a 

transcripts. A significant increase in larval swim activity 

was observed after DLM application to zebrafish [46]. 

Several studies reported a reduction in mRNA of TH in 

cell lines [47] and other vertebrate model organisms [46 

, 47 48]. Our results differ from those of the previously 

mentioned studies and the differences might be 

attributed to the differential responses of developing 

and adult organisms to toxins, as well as the differences 
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among various animal species and the duration of 

exposure. In both studies, DLM modulates TH 

expression, thereby altering DA biosynthesis. It was 

shown that exposure to the lowest concentration of DLM 

resulted in increased TH expression immediately after 

exposure. On the other hand, repeated exposure to DLM 

has been shown to decrease TH mRNA and protein 

expression in adult male rats [47]. Although the D1 and 

D2 auto-receptors have opposite effects on cAMP signal 

transduction, they act synergistically to modulate 

locomotor activity [49]. A change in D1 receptor signal 

transduction often leads to corresponding changes in D2 

receptor-mediated responses; D1 regulates the 

sensitivity of D2 [50]. Therefore, it is plausible that a 

sustained increase in dop1r1 transcripts could promote 

a subsequent upregulation of dop2r at the 

transcriptional level, which we observed in our results. 

A 72 h exposure to the same DLM concertation led to 

twice as much mortality as a 24 h exposure. 

Additionally, loss of coordinated movements and severe 

climbing defects were observed.  

Exposing the D. melanogaster to DLM caused about a 

50% reduction in AChE activity after 72 h compared to 

the control group, but it was not statistically significant 

using the Bonferroni method. This finding was not 

surprising because the Bonferroni method considers all 

the comparisons (28 comparisons in this study) and this 

may result, in some cases, in having insufficient 

statistical power. Nonetheless, it should be mentioned 

that when we used the Dunnett method, which 

compared all the treatments to the control only, we 

detected significant differences between the DLM and 

the control. Long-term exposure resulted in higher 

mortality and more damage to the nervous system as 

evidenced by severely impaired locomotor performance 

and AChE activity. According to previous studies, DLM-

exposed rats had significantly lower AChE activity than 

the control group [8, 51]. The inhibitory effect of DLM 

on AChE activity in rats was previously explained by its 

ability to reduce the ACh binding space on AChE's 

aromatic, hydrophobic surface, probably due to its 

lipophilicity [9]. The excessive inhibition of AChE can 

cause nervous system malfunction, leading to 

neurodegenerative disorders [8]. Researchers have 

suggested that voltage-gated calcium channels, chloride 

channels, and GABA receptors might modulate 

neurotransmitter release, particularly ACh, DA, and 

serotonin, in the acute and chronic manifestations of 

pyrethroid-induced neurotoxicity [52]. In rats, DLM 

exposure significantly decreased the content of DA in 

the striatum [48].  

In this study, co-exposure to DLM and FA led to 

normalization of AChE levels, although the change was 

not significant possibly due to the concentration used. 

Future studies should optimize concentrations to 

maximize benefits and minimize side effects. On the 

other hand, TQ at 25 µM did not improve the enzyme 

activity. Despite this, it protected against DLM-induced 

mortality and climbing deficits in our study. Yet, its 

protective effect might be due to another mechanism of 

action that affects the AChE activity. Combining FA and 

TQ did not further improve the enzyme activity 

indicating that the neuroprotective effect was due to the 

individual effect of FA alone. There were no significant 

differences between the control and DLM co-

administered with FA and the combined FA+TQ. This 

means that FA was able to restore some of the enzyme 

activity. Since TQ did not interfere with FA 

neuroprotective effects on AChE, it is clear that it is not 

likely to interfere with FA mechanisms of protection. 

There was no change in any of the parameters evaluated 

when flies were exposed to pure neuroprotective agents 

without DLM, indicating that the concentrations 

selected in the current study were safe. The results of 

some studies indicate that FA treatment protects DA 

neurons from rotenone-induced toxicity [16]. One more 

study showed that FA was able to reverse the toxic effect 

of cadmium-induced brain damage on cholinesterase 

activities in rats [53]. An earlier study found that TQ was 

able to rescue levels of AChE inhibited by malathion, 

which is an organophosphate insecticide (OP) [54]. Our 

study; however, did not demonstrate a reverse effect of 

TQ on the inhibitory effect of DLM on AChE. Probably 

we used a dose that was insufficient to reverse the 

inhibition. Another reason could be related to the 

different mechanisms of action between DLM and OPs. 

Our study found that DLM damages the nervous 

system of D. melanogaster, leading to locomotor 

dysfunction and increased mortality rates. Expression of 

DA-related genes was also affected by DLM exposure. 

However, co-administration of neuroprotective agents 

FA and TQ reversed the effects of DLM. FA and TQ 

improved survival and negative geotaxis performance, 

likely due to their antioxidant and neuroprotective 

properties. No additional benefits were observed from 

combining FA and TQ. Further studies are recommended 

to better understand the link between DA content and 

behavioral deficits, as well as the neuroprotective effect 

of FA and TQ on dopaminergic pathways. 

In conclusion, the findings of the present study have 

shown that DLM at 0.59 µM was able to cause severe 

damage in adult D. melanogaster, including increased 

mortality, locomotor deficits, inhibition of AChE, and 

disturbance of dopaminergic gene expression. A 

disturbance was observed in two main systems involved 

in movement coordination. This study illustrates some 

of the mechanisms through which DLM can cause 

neurotoxicity. Here we reported for the first time the 

neuroprotective action of FA and TQ against the DLM-

induced neurotoxicity in D. melanogaster. The FA 



 

Advancements in Life Sciences  |  www.als-journal.com  |  March 2023  | Volume 10  |  Issue 2                     296 
 

Neuroprotective effects of ferulic acid and thymoquinone against  deltamethrin-induced neurotoxicity in 

Drosophila melanogaster 
You’re reading 

als 

alleviated the inhibition of AChE that was caused by 

DLM, which attributes a neuroprotective potential to 

this natural compound. Consequently, FA and TQ may 

offer a promising source of potential therapeutic agents 

for the treatment of DLM intoxications. 
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