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Abstract 

Glyphosate-based herbicides (GBHs) are widely used in agriculture and may affect non-target organisms. Drosophila 

melanogaster is a well-established model organism for studying chemical-induced behavioural alterations. The present study 

evaluated the effect of GBH exposure on locomotor behaviour of Drosophila melanogaster. 

Adult flies were exposed to different concentrations of GBH (5%, 10%, and 20%) through GBH treated culture medium for 7 

days. Locomotor activity was assessed using a manual grid-based assay by recording the number of grid squares crossed 

during the observation period. The results showed a concentration-dependent decline in locomotor activity following GBH 

exposure. The 5% treated group showed a slight reduction in movement, whereas significant impairment was observed at 

higher concentrations, with the maximum reduction recorded in the 20% treated group. One-way ANOVA revealed significant 

differences among the experimental groups. 

The findings suggest that exposure to GBH adversely affects locomotor behaviour and motor performance in Drosophila 

melanogaster. This study highlights the usefulness of Drosophila as a model for assessing behavioural toxicity associated with 

pesticide exposure. 
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Introduction 

Glyphosate is one of the most widely used broad-spectrum 

herbicides in modern agriculture due to its effective weed-

control properties (Duke and Powles, 2008) [3]. The 

extensive application of GBH formulations has increased 

the possibility of their exposure to non-target organisms 

through environmental contamination (Van Bruggen et al., 

2018) [11]. Glyphosate primarily acts by inhibiting the 

shikimate pathway enzyme 5-enolpyruvylshikimate-3-

phosphate synthase (EPSPS), which is absent in animals; 

however, several studies have reported that glyphosate-

based formulations may produce toxic effects through 

oxidative stress, cellular damage, and disruption of 

physiological processes (Mesnage et al., 2015; Van Bruggen 

et al., 2018) [5, 11]. 

The nervous system is considered a sensitive target for 

environmental contaminants because neuronal function 

depends on proper regulation of neurotransmission, cellular 

metabolism, and oxidative balance. Previous studies have 

suggested that GBH may affect neuronal function by 

inducing oxidative stress and altering neurotransmitter-

related pathways (Cattani et al., 2014) [1]. These findings 

highlight the need to investigate the possible 

neurobehavioral effects associated with glyphosate 

exposure. 

Among these behavioural endpoints, locomotor activity is 

considered a sensitive indicator of neurotoxic effects in 

Drosophila. Locomotor activity is a commonly used 

behavioural parameter in Drosophila melanogaster for 

evaluating changes in motor performance and nervous 

system function, as movement involves coordinated activity 

of neuronal circuits and muscular systems (Martin, 2004) [4]. 

Drosophila melanogaster is a widely used model organism 

in neurobiology and toxicology due to its short life cycle, 

genetic advantages, and conserved molecular pathways 

involved in nervous system function (Pandey and Nichols, 

2011) [6]. Behavioural assays in Drosophila provide a 

reliable approach for assessing chemical-induced alterations 

in neurological performance. 

Previous studies have demonstrated that exposure to 

environmental toxicants can alter locomotor behaviour and 

motor performance in Drosophila. GBH exposure has also 

been reported to produce toxic effects in Drosophila 

melanogaster, including concentration-dependent mortality 

responses (Talyn et al., 2019) [10]. However, the effects of 

GBH on locomotor behaviour remain comparatively less 

explored. Therefore, the present study was conducted to 

evaluate the effect of GBH exposure on locomotor 

behaviour of Drosophila melanogaster and to assess 

concentration-dependent changes associated with 

neurobehavioral performance. 
 

Materials and methods 

1. Experimental Organism and Maintenance 

The fruit fly, Drosophila melanogaster, was selected as an 

experimental model organism for the present study to 

evaluate GBH-induced alterations in locomotor behaviour. 

Drosophila melanogaster is extensively used in 

toxicological and neurobiological investigations due to its 

short life cycle, ease of maintenance, high reproductive 

capacity, and conservation of several molecular pathways 

associated with human biological functions (Pandey and 

Nichols, 2011) [6]. 

The Drosophila melanogaster culture was maintained under 

controlled laboratory conditions. The flies were reared at 25 
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± 1°C temperature, 60–70% relative humidity, and a 12:12 h 

light–dark cycle. Adult flies were maintained in sterilized 

culture bottles containing freshly prepared culture medium. 

Newly emerged adult flies of similar age were selected for 

experimental exposure to minimize age-related variation. 

2. Preparation of Drosophila melanogaster Culture 

Medium 

A standard cornmeal-based medium was prepared for 

maintenance and rearing of Drosophila melanogaster. The 

composition of the culture medium is presented in Table 1.

 
Table 1: Composition of culture medium used for maintenance of Drosophila melanogaster 

 

Ingredient Quantity Function 

Maize flour 8.3 g Nutritional source and larval growth support 

Sucrose 2.5 g Energy source 

Dextrose 0.5 g Readily available carbohydrate source 

Yeast 1.5 g Source of proteins, vitamins and amino acids 

Agar-agar 1.8 g Solidifying agent 

Distilled water 100 mL Solvent 

Orthophosphoric acid 0.68 mL pH regulation and contamination control 

Propanoic acid 4.0 mL Prevention of fungal contamination 

 
All dry ingredients were mixed thoroughly with distilled 
water and heated until a uniform semi-solid consistency was 
obtained. After cooling, orthophosphoric acid and propanoic 
acid were added, and the prepared medium was transferred 
into sterile culture bottles. The medium was used for routine 
maintenance of fly cultures and preparation of experimental 
exposure groups. Standardized nutritional conditions are 
essential for obtaining reproducible growth and behavioural 
responses in Drosophila experiments (Piper et al., 2014) [7]. 
 

3. Glyphosate-Based Herbicide and Dose Preparation 

A commercial glyphosate-based herbicide formulation, 

Menaka 71 (71% glyphosate) manufactured by Crystal Crop 

Protection Pvt. Ltd., was used for experimental exposure. 

Commercial formulations were selected because 

environmental organisms are generally exposed to 

formulated herbicide products rather than pure glyphosate. 

The stock solution was prepared by accurately weighing 

1.000 g of GBH and dissolving it in 100 mL distilled water. 

The solution was mixed thoroughly to obtain a uniform 

preparation. 

The treatment levels used in the present study were selected 

based on previously reported sub-lethal exposure studies 

demonstrating behavioural alterations while maintaining 

adequate survival of Drosophila melanogaster (Talyn et al., 

2019) [10]. The prepared stock solution was subsequently 

used for the preparation of experimental treatment media. 

For preparation of treatment media, 5 mL, 10 mL, and 20 

mL of stock solution were separately added to 100 mL of 

freshly prepared Drosophila culture medium, representing 

increasing levels of herbicide exposure. Medium without 

herbicide addition was maintained as the control group. The 

details of experimental groups are presented in Table 2. 

 
Table 2: Preparation of Dose 

 

Experimental group Volume of stock solution added (per 100 mL medium) Exposure level 

Control 0 mL Herbicide-free medium 

Treatment I 5 mL Low exposure 

Treatment II 10 mL Moderate exposure 

Treatment III 20 mL High exposure 

 

 
 

All prepared treatment media were mixed thoroughly to 

ensure uniform distribution of the herbicide before 

introducing flies. 
 

4. Experimental Design and Herbicide Exposure 

Newly emerged adult Drosophila melanogaster flies were 

randomly divided into control and treatment groups. Flies 

were transferred into culture bottles containing either 

untreated medium or GBH medium. Each experimental 

group was maintained under identical laboratory conditions. 

The flies were exposed to three different GBH treatment 

levels for 7 days. Following the exposure period, locomotor 

activity was assessed to determine the effect of herbicide 

exposure on motor performance. 
 

5. Locomotor Activity Assay 

Locomotor activity was assessed to evaluate the effect of 

GBH exposure on spontaneous movement and motor 

coordination of Drosophila melanogaster. The assay was 

performed using a manual grid-based method following 

previously described behavioural assessment approaches in 

Drosophila (Martin, 2004) [4]. 
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After completion of the 7-day exposure period, adult flies 

from control and GBH-treated groups were used for 

locomotor assessment. A clean Petri dish was placed over a 

white background marked with a grid pattern consisting of 1 

cm × 1 cm squares. Individual flies were gently transferred 

into the Petri dish without the use of chemical anaesthesia to 

avoid possible alterations in normal behavioural activity.  

A representative image of the locomotor activity assay setup 

is shown in Figure 1. The assay was performed by observing 

individual flies on a grid-marked Petri dish, where 

locomotor performance was assessed based on the number 

of grid squares crossed during a fixed observation period. 

The schematic representation illustrates the principle of 

grid-based movement measurement used for evaluating 

locomotor activity. 

 

 
 

Fig 1: Representative image of manual grid-based locomotor activity assay in Drosophila melanogaster. (A) Original photograph showing 

adult flies on a grid-marked Petri dish used for locomotor assessment. (B) Schematic representation of the locomotor assay showing grid-

based measurement of movement activity. 

 

Following acclimatization, the movement of flies was 

recorded for a fixed observation period. The number of grid 

squares crossed by each fly was manually counted. 

Locomotor activity was calculated as the number of grid 

crossings per unit time using the following formula: 

 

Locomotor Activity =
Number of grid squares crossed

Observation time (minutes)
 

 
 

The mean locomotor activity was calculated for each 

experimental group. A reduction in locomotor activity in 

GBH-treated groups compared with control flies was 

considered indicative of impaired movement behaviour and 

altered motor performance. 

6. Statistical Analysis 

The experimental data were expressed as mean ± standard 

error of mean (SEM). Statistical analysis was performed 

using one-way analysis of variance (ANOVA) followed by 

a Tukey’s HSD post hoc test. Differences among groups 

were considered statistically significant at p < 0.05. 

 

Results 

1. Effect of Glyphosate-Based Herbicide on Locomotor 

Activity of Drosophila melanogaster 

The effect of GBH exposure on locomotor behaviour of 

Drosophila melanogaster was evaluated using a manual 

grid-based locomotor assay. The locomotor activity of 

control and GBH-treated groups is presented in Fig 2. 

 

 
 

Fig 2: Effect of different concentrations of glyphosate-based herbicide on locomotor activity of Drosophila melanogaster. 



  

56 

The control group exhibited the highest locomotor activity, 

indicating normal spontaneous movement and motor 

coordination. In contrast, flies exposed to GBH showed a 

progressive reduction in locomotor performance with 

increasing herbicide concentration. 

The 5% GBH-treated group showed a slight decrease in 

locomotor activity compared with the control group; 

however, the reduction was not statistically significant. A 

further decline in movement was observed in the 10% 

treated group, indicating increased impairment of locomotor 

behaviour. The 20% GBH-treated group exhibited the 

lowest locomotor activity among all experimental groups, 

demonstrating maximum impairment of spontaneous 

movement. 

The overall distribution pattern of locomotor activity 

showed a concentration-dependent decline in movement 

ability following GBH exposure. These findings indicate 

that increasing glyphosate exposure negatively affects 

locomotor behaviour and may result in altered 

neuromuscular performance in Drosophila melanogaster. 

 

2. Statistical Analysis of Locomotor Activity 

The statistical significance of differences in locomotor 

activity among control and GBH-treated groups was 

analysed using one-way analysis of variance (ANOVA). 

The analysis revealed a highly significant effect of GBH 

exposure on locomotor activity (p < 0.001), indicating 

significant variation among the experimental groups. 

 
Table 3: One-way ANOVA analysis of locomotor activity in 

control and GBH-treated groups 
 

Source of 

Variation 

Sum of 

Squares 
df 

Mean 

Square 

F-

value 

p-

value 

Between Groups 181.917 3 60.639 20.424 <0.001 

Within Groups 166.267 56 2.969 – – 

Total 348.183 59 – – – 

 

The statistical analysis demonstrated a significant difference 

in locomotor activity among the experimental groups. The 

observed reduction in movement activity with increasing 

GBH concentration indicates a concentration-dependent 

impairment of locomotor behaviour in Drosophila 

melanogaster. 
 

Discussion 

Locomotor activity is a sensitive behavioural parameter 

used to evaluate motor coordination and neurological 

alterations in Drosophila melanogaster. In the present study, 

GBH exposure resulted in a concentration-dependent 

reduction in locomotor activity. Control flies showed 

maximum movement performance, whereas GBH-treated 

groups exhibited reduced locomotor activity, with the 

highest impairment observed at the 20% concentration. 

The observed decline in locomotion suggests that prolonged 

exposure to GBH may interfere with normal neuromuscular 

function. Similar findings have been reported in Drosophila, 

where GBH exposure induced physiological stress 

responses and altered antioxidant defence mechanisms (de 

Aguiar et al., 2016) [2]. These cellular disturbances may 

contribute to impaired motor performance and behavioural 

alterations. 

The significant reduction in locomotor activity at higher 

concentrations indicates a dose-dependent toxic response. 

Previous studies have also reported adverse effects of 

glyphosate formulations on Drosophila physiology and 

organismal fitness (Strilbytska et al., 2022) [9]. Thus, the 

present findings suggest that GBH exposure negatively 

affects locomotor behaviour and highlights the potential 

neurobehavioral toxicity of GBH. 

 

Conclusions 

The present study demonstrates that exposure to GBH 

causes a concentration-dependent decline in locomotor 

activity of Drosophila melanogaster. While low-level 

exposure produced comparatively minor changes, higher 

herbicide concentrations resulted in significant impairment 

of movement performance. These findings indicate that 

glyphosate-based herbicide exposure can adversely affect 

behavioural responses and motor coordination in 

Drosophila. The study further supports the usefulness of 

Drosophila melanogaster as an effective model organism 

for evaluating pesticide-induced behavioural toxicity and 

provides insight into the potential effects of GBH on non-

target organisms. 
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