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SUMMARY: 
The protocol presents a high-throughput, cost-effective method for assessing neurotoxicity in the fruit fly through the quantification of locomotor dysfunction as an alternative to traditional mammalian models. It aims to evaluate the neurotoxic effects of pharmaceutical compounds, environmental agents, or genetic modifications using a sensitive, reproducible, and ethically favorable model.

ABSTRACT: 
This protocol presents a high-throughput, cost-effective method for assessing neurotoxicity in the fruit fly (Drosophila melanogaster) by quantifying locomotor dysfunction. Traditional mammalian models, while effective, are resource-intensive and ethically constrained, highlighting the need for alternative in vivo models. The present approach integrates the classic climbing assay with real-time monitoring platform to capture motor impairments in individual flies. This combined system enhances sensitivity, automation, and reproducibility, providing a scalable strategy for neurotoxicological screening. Critical procedural steps include standardized rearing conditions, careful anesthesia and handling to minimize fly mortality or behavioral alterations, and proper calibration of the system. Microcapillary-based feeding enables the optional integration of ingestion quantification, complementing the locomotor analysis and allowing the evaluation of compound intake when required. The method supports real-time and long-term behavioral monitoring, reduces observer bias, and enables daily progress evaluation without interrupting the experiment. Light preference testing can be incorporated using direct measurements. The platform provides significant advantages in behavioral resolution, throughput, and data consistency. Although it lacks real-time fluorescence capabilities found in some alternative systems, it remains highly effective for large-scale behavioral screening. This protocol is particularly valuable for laboratories aiming to assess the neurotoxic effects of pharmaceutical compounds, environmental agents, or genetic modifications using a sensitive, reproducible, and ethically favorable in vivo model.

INTRODUCTION: 
The assessment of neurotoxicity is critical for evaluating the potential adverse effects of environmental and pharmaceutical compounds on the developing nervous system¹. Traditional neurotoxicity testing relies on mammalian models, such as rodents, which are expensive, time-consuming, and ethically constrained². Consequently, alternative models that enable rapid, high-throughput screening of neurotoxicants are necessary³. Studies highlight that the fruit fly has emerged as a powerful model organism for studying neurotoxicity due to its well-characterized genetics, conserved neurodevelopmental pathways, and a short life cycle 4,5. Among behavioral endpoints, motor dysfunction serves as a sensitive and quantifiable biomarker of neurodevelopmental impairment, allowing for the early detection of neurotoxic effects that may correlate with human neurological disorders6. 

Locomotor assays in flies provide a quantifiable measure of neurotoxicity and enable dose-response assessments, making them relevant for human neurotoxicity risk reduction7. The negative geotaxis assay (climbing) is a widely used approach in which flies instinctively climb after being tapped to the bottom of a vial, which reflects their level of motor development, coordination, and balance8,9. While this method is simple, cost-effective, and useful for assessing severe locomotor abnormalities and overt disturbances, it only provides a one-dimensional evaluation of movement and may lack sensitivity in detecting subtle motor impairments, refined alterations, and long-term behavioral monitoring of symptoms induced by neurotoxicants8. To address these limitations, more advanced motion-tracking technologies, such as the Ethoscope system, have been developed10. This automated recording system is a high-throughput video-tracking device specifically designed to analyze flies’ behavior with high precision and reproducibility11. Unlike conventional locomotor assays, this system provides continuous, real-time monitoring of movement, capturing subtle behavioral abnormalities that traditional climbing assays may overlook11–13. The technology features automated video-tracking using an infrared-illuminated camera system that continuously records fly movements at high resolution, eliminating observer bias and improving experimental reproducibility13. Additionally, it detects micromovements, differentiating walking, resting, and fine movements such as grooming, feeding, or twitching, providing a more detailed analysis of motor behavior13. Long-term behavioral monitoring is possible, allowing for continuous tracking over extended periods, making it ideal for assessing progressive neurotoxic effects10. The scalability and high-throughput capacity of the video recording system enable parallel tracking of multiple flies, facilitating the screening of multiple neurotoxic compounds and genetic conditions simultaneously10. Furthermore, the system integrates open-source software, allowing researchers to customize analysis pipelines based on experimental needs, including sleep-wake cycles, circadian rhythms, and detailed locomotor metrics10,14. Recent advancements, such as the integration of Ethoscopy, a Python-based framework, have enhanced data analysis, improving accessibility and reproducibility in behavioral studies14. This framework allows researchers to perform more complex locomotion analyses while reducing barriers for non-expert users. The ethoscope-lab, a Jupyter-based environment, further facilitates seamless data processing, promoting collaborative research and ensuring experimental reproducibility14. 

By leveraging the high-throughput video-tracking platform alongside traditional climbing assays, this study provides a comprehensive and sensitive assessment of motor dysfunction following developmental neurotoxicant exposure. The ability to analyze fine-scale locomotor defects makes it a powerful tool for screening compounds that disrupt neural development and motor coordination. The use of fruit flies for neurotoxicity screening offers several advantages, including cost-effectiveness and high-throughput capability, compared to vertebrate models, where large-scale screenings are often limited due to cost constraints15. The fly model allows rapid genetic manipulations to mimic disease states and identify molecular pathways affected by neurotoxins16. While simpler than mammalian nervous systems, flies retain key conserved pathways involved in neural development and motor control17. High-resolution tracking methods such as the real-time video recorder system enhance data accuracy and reproducibility, allowing for early-stage detection of motor deficits caused by toxicant exposure11.

The integration of tracking technology and traditional climbing assays allowed for continuous, high-resolution behavioral monitoring, providing a robust and scalable method to detect subtle locomotor impairments induced by neurotoxicant exposure. The combination of genetic tools, a short life cycle, and advanced behavioral analysis positions the fruit fly as a powerful alternative to vertebrate models for neurotoxicity screening, ultimately contributing to safer drug development and improved environmental risk assessments.

PROTOCOL: 
As an example, this protocol was used to evaluate the neurotoxic potential of the Physalis physalis venom fraction. The control group received only the physiological buffer and sucrose solution without the test compound. All the experiments were performed on the W118 strain. Ethical clearance is not required for experiments with Drosophila, as they are not covered by animal care regulations. 

1. Reagents and sample preparation

1.1 Prepare a biological buffer such as PBS (10 mM, pH 7.0) or HEPES (10 mM, pH 7.0), depending on the requirements of the specific assay, and a 10 M stock solution of sucrose. Calculate the sample volume based on the number of replicates and the duration of the experiment. 

1.2	Dilute the sample to the desired concentration using a biological buffer, supplemented with sucrose solution up to a final concentration of 1 M. If the sample is transparent, you can add appropriate food dye (e.g., 0.1 mg/mL blue or red dye) to assess feeding behavior visually. In the present study, the venom fraction of Physalia physalis was diluted using PBS to a final concentration of 10 μg/μL and further supplemented with sucrose solution and food dye.

1.3	Prepare a negative control solution containing only the buffer and supplement the solution with sucrose to a final concentration of 1 M, and food dye. In the present study, PBS supplemented with sucrose and food dye was used as a negative control solution. 

1.4	For the fruit fly media, follow the protocol provided in18. 

2. Biological material maintenance

2.1	Transfer healthy, sexually mature adult flies into a bottle containing freshly prepared food medium. To proceed, tap the flies to the bottom of the bottle, open it, and transfer them by bottle inversion into a new bottle containing fly medium. Place the bottle in an incubator set to 25 °C with a 12 h light/dark cycle and 50% humidity. Allow the flies to lay eggs overnight (approximately 16–22 h) to collect sufficient synchronized eggs.​

2.2	After the egg-laying, use a new bottle containing 70% ethanol to discard the adult flies. This prevents additional egg-laying and ensures synchronization in age, which is crucial to obtain a cohort of adults with minimal age variation.​

2.3	To support uniform development, maintain the bottles under the same controlled conditions (25 °C, 12 h light/dark cycle, 50% humidity). Adults begin to emerge around day 9 or 10. Monitoring the developmental progress can help anticipate the timing of adult emergence.​

2.4	Maintain the collected flies under the same controlled conditions until they reach the desired age for the assay. Use them within 24–48 h post-emergence. This controlled aging process ensures minimizing variability and enhancing the reliability of experimental results.

3. Negative geotaxis assay

NOTE: A schematic representation of the negative geotaxis assay is presented in Supplementary Figure 1.

3.1	On the day of the experiment, gently transfer the flies to an empty bottle. 

3.2	Flies need to be briefly anesthetized on ice prior to the transfer to minimize movement and handling stress. For this purpose, place the bottle containing the flies inside a box of ice, covering the whole bottle. 

3.3	After 1 min, gently tap the bottle to verify that all flies are anesthetized. Maintain them on ice for 1 min more to ensure complete anesthesia without inducing stress or affecting their climbing ability. ​

NOTE: Be aware that certain anesthetics, such as CO₂, can affect subsequent behaviors, including impaired climbing behavior, and affect the results of the negative geotaxis assay.

3.4	While the flies are anesthetized, prepare a smaller container filled with ice and place a Petri dish or a flat, clean surface on top of the ice to create a chilled platform. This setup helps maintain anesthesia during sorting and minimizes fly movement upon recovery.

3.5	Assess anesthesia by confirming the complete immobilization of the flies after 2 min on ice. Once fully anesthetized, gently transfer flies by inverting the tube over a chilled Petri dish and gently tapping them to release them. The cold surface will help to keep the flies immobilized during handling.

3.6	Using a fine paintbrush and under a stereomicroscope (at 10x and 20x magnification, if available), gently separate male and female flies based on distinguishing characteristics, such as size and pigmentation patterns. Males are generally smaller with broad black bands, while females are larger with lighter, elongated abdomens. Perform this step as fast as possible to minimize the effect of anesthesia on flies.

NOTE: If sex differentiation is unnecessary for the experiment, omit the segregation step. Minimize exposure time and handle the flies gently to reduce stress and potential behavioral alterations.

3.7	Carefully transfer the sorted flies into empty vials with appropriate assignation. Allow them to recover from anesthesia for approximately 30 min in a controlled environment (25 °C, 12 h/12 h light/dark cycle, 50% humidity) before proceeding with the assay.

3.8	For microcapillary feed preparation, use a pipette to manually load 10 μL of the test solution into each microcapillary tube. Ensure the volume is consistent across all samples to standardize feeding conditions.

3.9	Using a pipette, add 3–5 µL of mineral oil to the open end of the microcapillary. This prevents the sample from evaporating and leaking during the experiment.

3.10	Insert the pre-filled microcapillaries through holes in the cotton vial plugs, ensuring they are securely placed. If necessary, use previously cut tips to fit the cotton tightly without obstructing airflow.

3.11	Place the vials containing the flies into an incubator set to 25 °C with a 12 h/12 h light/dark cycle. Leave them for the duration of the experiment and manually replace the microcapillaries with freshly prepared food daily to ensure consistent exposure. The exposure period depends on the toxicity and nature of the sample and typically extends between 2 and 7 days.

3.12	At 12 h intervals, transfer the flies to a clean, empty vial to assess locomotor activity.

3.13	Measure and mark a line 7 cm from the bottom of the vial using a permanent marker. This height will serve as the climbing target.

3.14	Position a camera or phone in a stable location to record the climbing behavior. Ensure adequate lighting and a transparent background for analysis. Confirm that the experimental setup is compatible with the camera’s field of view.

3.15	Tap the vial gently to bring the flies to the bottom, then immediately begin recording. Avoid excessive force that could injure or disorient the flies.

3.16	Review the recordings and measure the time it takes for each fly to reach the marked 7 cm line. Set a maximum time limit (e.g., 30 s); assign this time to any fly that fails to reach the line.

3.17	Pay close attention to any abnormal behaviors, such as uncoordinated movement, delayed initiation of climbing, or irregular climbing patterns. These signs may indicate the neurotoxic effects of the tested compound.

NOTE: For detailed instructions on feed preparation, please refer to the Capillary Feeder (CAFE) Assay protocol19. This method provides precise guidelines for preparing liquid food sources for fruit flies, ensuring accurate quantification of food intake and minimizing variability in feeding experiments.

4. Real-time monitoring assays

NOTE: For the setup, including the schematic representation of the tracking system components and the calibration protocol, please follow earlier publications11,12. A general overview of the experiments is presented in Supplementary Figure 2. 

4.1	Real-time locomotion assay (Tracking assay)

4.1.1	Repeat steps 3.8–3.9 to prepare the feeding microcapillaries with the sample and mineral oil seal.

4.1.2	Prepare individual locomotion chambers using clear plastic straws, each approximately 6 cm long. These straws serve as cost-effective and transparent enclosures suitable for recordings. The tubes should be compatible with the sleep arena11, which accommodates 20 tubes for high-throughput behavioral studies.

4.1.3	Seal one end of each straw with a transparent film, ensuring an airtight closure. Near the sealed end, create a small hole to accommodate the insertion of the feeding microcapillary. Ensure the hole is large enough to securely hold the microcapillary without causing leaks or movement during the assay.

4.1.4	Repeat steps 3.1–3.6 to anesthetize, optionally segregate, and gently place one anesthetized fly into each tube using a fine paintbrush. Seal the open end of each tube with transparent film or a cotton plug, ensuring airflow and fly containment.

4.1.5	Place the assembled tubes into the arena, ensuring each microcapillary remains accessible outside for daily replacement. Insert a pre-filled microcapillary into each tube. Allow flies to recover and acclimate for approximately 30 min before starting the assay.

4.1.6	Place the device in a chamber with controlled environmental conditions (e.g., 25 °C, 12 h/12 h light/dark cycle, 50% humidity). Connect the device to the network or local tracking system.

4.1.7	Access the platform and locate the device assigned to the experiment. Ensure that the system accurately tracks each fly, as indicated by the markers. Enter all relevant experimental metadata and begin recording the assay. For advanced data analysis, use the rethomics framework, an R package designed for high-throughput behavioral data analysis11,12.

4.1.8	Replace food in the microcapillaries daily with freshly prepared solutions. Visually inspect each fly daily to ensure survival and proper behavior throughout the experimental period that typically extends between 3 and 5 days.

4.2	Circadian rhythm assessment

4.2.1	To investigate the circadian rhythm of flies and their potential alterations, ensure that the experiment begins synchronized with a defined light/dark cycle. Maintain a 12 h light/12 h dark photoperiod throughout the recording phase to avoid disruptions to endogenous rhythms. Once conditions are set, repeat steps 4.1.1–4.1.8, ensuring that all procedures are performed consistently across the light/dark phases.

4.3.	Assessment of Light/Dark Preference Behavior

4.3.1.	Repeat steps 3.1–3.11 to prepare flies and feeding microcapillaries.

4.3.2.	Once feeding vials are prepared, place them in the incubator to allow flies to feed on the test sample for 2 h (or another duration as determined by prior locomotor activity data).

4.3.3.	To assess light preference behavior, prepare individual locomotion chambers covering 50% of each tube with aluminum foil to create a defined dark area. Ensure consistent coverage across all tubes to allow for standardized comparison.

4.3.4.	Repeat steps 4.1.2–4.1.4 to transfer flies individually into locomotion chambers, omitting the insertion of microcapillaries.

4.3.5.	Place the prepared tubes into the arena and allow flies to acclimate for approximately 30 min.

4.3.6.	Repeat steps 4.1.6–4.1.7 and record the flies’ behavior for 60 min. Tubes in which reduced movement is recorded may indicate a dark preference, as the tracking system does not detect the flies located in the foil-covered region to signal obstruction.

5. Data analysis

5.1	Prepare the metadata template by including all necessary information such as ID, treatment, compound details, assay duration, and other relevant variables. A template example and the corresponding data processing pipeline are included in Supplementary Table 1.​

5.2	Save the completed metadata file in CSV format. To ensure compatibility, open the CSV file in a text editor to verify that it does not contain unnecessary characters or formatting issues. Remove any extraneous characters if present.​

5.3	Before proceeding with data analysis, create a backup of the data. Open a terminal and execute the following command:​ sudo python backup_tool.py. This step safeguards the data against potential loss or corruption during analysis.​

5.4	Identify and note the location of the data files corresponding to the experiment. Ensure that these files are accessible for analysis.​

5.5	Analyze data using Rethomics. Open RStudio and load the necessary Rethomics packages for behavioral data analysis. Detailed instructions and tutorials are available at the Rethomics website:​ https://rethomics.github.io/scopr.html

RESULTS:
As an example, this protocol was used to evaluate the neurotoxic potential of the Physalis physalis venom fraction. The treated group consisted of flies fed on a physiological buffer supplemented with sucrose solution (up to a final concentration of 1 M) and the test venom fraction. The control group received only the physiological buffer and sucrose solution without the test compound. All the experiments were performed on the W118 strain.

In the described method, untreated flies, the control group, displayed typical locomotion and climbing behavior (negative phenotype), while flies exposed to toxic fractions represented the treated group (positive phenotype), often exhibiting impaired motor activity. Representative outcomes include decreased climbing speed, increased time to reach the climbing mark, and reduced total distance traveled, as recorded by the platform. 

Climbing performance was assessed using negative geotaxis assays. In the present study, as can be seen in Figure 1, at 24 h, treated flies exhibited similar climbing efficiency compared to controls (Control: 7.33 ± 2.69 s; Treatment: 6.71 ± 3.2 s). However, at 48 h, treated flies showed a significant delay, taking nearly 2x as long to reach the top (Control: 6.57 s ± 3.41 s; Treatment: 13.91 s ± 2.99 s; ***p < 0.001). Behavioral anomalies such as uncoordinated movement and random climbing direction were observed in the treated group, while control flies maintained a consistent upward trajectory toward the light source. 

For a comprehensive analysis, employ the real-time recording platform to obtain detailed activity data, capturing subtle effects of the treatment on fly mobility. The results can be presented in several ways, and each can provide valuable insights into flies’ motor functions: (1) by tracking the activity of each individual throughout the experiment (Figure 2A); (2) by illustrating the treatment impact at different stages of the experiment through calculating the fraction of time spent moving within a defined period (Figure 2B); or, (3) by analyzing overall locomotor activity across the experiment’s duration (Figure 2C). This analysis enables the detection not only of paralysis but also of hyperexcitability phenotype. It also helps determine whether symptoms are transient and whether flies recover after treatment. Additionally, it reveals whether locomotor disruption occurs synchronously or randomly among flies. Moreover, locomotor activity graphs can provide insights into potential disruptions in circadian rhythm (Figure 3). However, in this assay, attention must be given to the experiments’ start time to ensure alignment with the light/dark cycle, and this timing must be consistent across all experiment repetitions. In the present study, during the initial phase, treated flies exhibit increased activity (hyperexcitability). However, movement gradually declines, resulting in a ~40% decrease from the early to late phase. Overall, treated flies show a ~20% reduction in total movement compared to controls while maintaining circadian rhythm alignment.

The duration of data acquisition may vary depending on the nature of the tested compound and doses. Earlier experiments, with venom fraction derived from Physalia physalis, required 48–72 h of continuous monitoring. We believe this timeframe is reasonable for high-throughput screening and aligns with the objectives of the assay, which include both short- and medium-term behavioral observations. The platform allows uninterrupted data acquisition and enables daily progress tracking, reducing the need for endpoint-only measurements.

The platform offers flexibility in experimental design, allowing the investigation of various behavioral paradigms. One such application is assessing light-space preference, achieved by creating distinct light and dark zones within the experimental chambers. It is essential to adapt the assay based on preliminary observations to optimize the assay's effectiveness. For instance, if flies exhibit periods of hyperexcitability or paralysis, adjustments to the compound dosage and feeding schedules may be necessary to ensure measurable and relevant behavioral responses. Moreover, maintaining consistent environmental conditions and minimizing external disturbances during recordings are essential to prevent interference with the outcomes.

​To effectively analyze and present the light-space preference data, the results can be visualized using: a boxplot (Figure 4A) where the fraction of time spent moving corresponds to the time spent on the light side of the tube; and, alternatively, a heat map (Figure 4B), which focuses on individual activity patterns. 

The representative results confirm the robustness and sensitivity of the described protocol in detecting neurotoxic effects in Drosophila melanogaster through quantifiable behavioral outcomes. By combining negative geotaxis and locomotor activity assays, the method enables the detection of both overt and subtle motor impairments. 

FIGURE AND TABLE LEGENDS:
Figure 1: Climbing performance of control and treated flies at 24 h and 48 h. This figure illustrates how treatment may affect climbing efficiency over time, measured 24 h and 48 h after treatment. Climbing time (in s) of control and treated flies was measured using a standard negative geotaxis assay. Data are presented as mean ± SD. Asterisks indicate statistically significant differences between groups. Statistical analysis was performed using Student’s t-test. GraphPad Prism 8.0.1 was used for statistical analysis and figure generation. In the shown example, at 24 h, treated flies climbed as efficiently as controls, but by 48 h they showed significant delays and uncoordinated behavior, in contrast to the consistent upward movement of control flies.

Figure 2: Real-time locomotor activity monitoring of control and treated flies. A) Tile plot representing individual fly activity over time. Each row demonstrates the activity of a single fly, with color intensity reflecting activity levels over time. This visualization aids quality control and highlights phenotypes such as paralysis or hyperexcitability. In this example, flies in the treated group display an early phase of hyperexcitability followed by a marked reduction in movement after 12 h, indicating potential paralysis. Symptoms appear asynchronously across individuals. (B) Boxplot illustrating the fraction of time spent moving in both control and treated groups during three defined experimental windows (0–12 h, 12–24 h, and 24–40 h). Boxes indicate interquartile range (IQR), horizontal lines show medians, and whiskers represent data within 1.5 times IQR.  (C) Line graph of mean locomotor activity (%) curves over 40 h for control and treated groups. Shaded areas represent standard deviation.

Figure 3: Circadian locomotor activity of control and treated flies over 72 h. (A) Line plots representing activity patterns for control (top) and treated (bottom) groups. Activity levels are plotted as percentage of time spent moving over time, with light and dark phases indicated by background shading. (B) Superimposed plot comparing locomotor activity of both groups on the same graph for direct comparison. These plots assess whether the treatment alters circadian rhythm. Shaded regions represent standard deviations (SD). Treated flies showed early hyperactivity and delayed responses to light cues, followed by transient circadian alignment, but progressively lost rhythmicity by 48 h, likely due to locomotor impairment, while control flies maintained a consistent light-entrained activity pattern.

Figure 4: Light-space preference analysis in control and treated flies. (A) Boxplot displaying the fraction of time flies spend moving (%) on the light side of the tube. Each dot corresponds to a single fly. The horizontal line within each box indicates the median, boxes represent the IQR, and whiskers show the full data range. Treated flies spent significantly more time in the illuminated area (60%) than the control group (24%), representing a 36% increase in light preference. Each dot represents an individual fly. (B) Heat map showing the activity of individual flies during the light-preference assay. Each row represents one fly, and color intensity indicates time spent on the light side. Treated flies exhibited a stronger preference for the bright zone, as shown by lighter blue shades, whereas control flies displayed a more random distribution, spending more time in the dark area (darker shades of blue). These results suggest that treatment may influence light sensitivity or preference, with possible links to altered neural activity or behavioral response mechanisms.

Supplementary Figure 1: Schematic representation of the negative geotaxis assay. Climbing behavior was evaluated on 30 flies per treatment (3 vials with 10 flies each).

Supplementary Figure 2: Schematic representation of real-time recording assays. (A) Sleep arena with behavioral chambers, adjusted for capillary feeding. (B) Sleep arena adjusted for light preference assay. Aluminum foil was used to cover 50% of each tube. (C) Data analysis was done using the R Rethomics package.

Supplementary Table 1: Metadata for assay analysis. The table lists key experimental parameters, including device ID, date of experiment, fly sex, dose, experiment duration, experimental status, and fly strain used. This metadata provides essential context for interpreting collected behavioral data.

DISCUSSION: 
Primarily, establishing a non-lethal (sublethal) dose is a critical initial step for conducting the neurotoxicity experiments. This ensures that the flies remain viable throughout the study, allowing for the observation of behavioral and locomotor effects without the confounding factor of mortality. In our study, the sublethal dose of the Physalia physalis venom fraction was determined to be 10 µg/µL. To ensure robust and reproducible results, a minimum of three biological replicates per treatment group are recommended, each consisting of ten flies and at least three technical replicates. This corresponds to a minimum of 30 flies per experimental condition, tested across three independent experiments. This setup enhances statistical power and minimizes variability, allowing for confident detection of treatment-induced behavioral changes. This protocol used a range of data to construct the figures, demonstrating the method's sensitivity in detecting neurotoxic alterations. Flies that die in the initial period of the experiment, as well as statistical outliers, should be removed to ensure data accuracy. Collecting extensive data sets contributes to more precise and reliable results, facilitating the detection of subtle neurotoxic effects.

The critical steps of this protocol are proper fly handling and experimental setup, ensuring reproducibility and accuracy. Flies must be reared under standardized conditions to ensure uniformity in age, genetic background, and health¹. Anesthesia handling is particularly sensitive, as exposure to ice for more than 10 min can increase mortality, while insufficient cooling may result in incomplete immobilization. An alternative is CO₂, which provides quicker recovery times and reduces handling stress, but prolonged exposure may alter behavior and metabolic activity2. For instance, Bartholomew et al. demonstrated that even brief exposure (5 min) to 100% CO₂ results in significant impairments in climbing and flight ability, with effects persisting for up to 24 h or even longer in some cases20. These results underscore the risk of CO₂ anesthesia introducing artifacts in behavioral assays such as geotaxis or activity monitoring, which are central to our neurotoxicity evaluations. To mitigate such confounding effects, we adopted cold-induced anesthesia, which is widely regarded as less disruptive to short-term motor behavior. This approach is consistent with current practices in behavioral and neurotoxicity studies in flies8,21. For example, Gilestro recommends minimizing cold exposure to under 3 min to avoid circadian and behavioral alterations21. In this protocol, we took additional care to limit cold exposure to a maximum of 3 min, sufficient to immobilize the flies for handling but minimizing physiological stress and behavioral disruption. This short exposure ensures standardization across replicates while preserving locomotor integrity, which is essential for the reliability of our neurotoxicity assessments. Additionally, handling the paintbrush during segregation requires great care to avoid fly injury, as physical damage can affect locomotor performance and survival rates3.

Previous studies, including those utilizing the Capillary Feeder Assay (CAFE), have demonstrated that capillary dimensions and positioning significantly influence fly feeding behavior and intake measurements19. The CAFE assay accurately quantifies food intake, complementing the behavioral assays by evaluating ingestion alongside motor function. This integration allows for a comprehensive neurotoxicity analysis, detecting movement impairments. 

Accurately loading the microcapillary with the sample and sealing it with mineral oil prevents leaks, contamination, and evaporation, ensuring consistent sample availability. Precise capillary handling is crucial for reliable ingestion, minimizing evaporation artifacts and external contamination. Moreover, male flies’ smaller size may lead to interactions with the microcapillary, sometimes resulting in sample leakage or unintended wetting. To prevent capillary interference from smaller flies, using thinner microcapillaries and adjusting capillary positioning has been recommended19. 

In real-time monitoring-based experiments, precise tracking system calibration is essential for accurate locomotor data acquisition11. Improper tracking setup may cause data loss, misinterpretation, or failure to detect movement changes10. Additionally, metadata formatting is crucial. Incorrect delimiters, symbol errors, or misplaced values in .csv files can compromise data integrity13. This can be verified using text editors to ensure proper formatting before analysis. Backing up recordings is another critical step, as missing or corrupted files can compromise entire experiments. The platform allows real-time data visualization, enabling daily monitoring of experiment progress without requiring early termination, a significant advantage over manual observation methods11.

The light preference experiment relies on indirect movement-based measurements, assuming reduced locomotion in aluminum foil-covered areas corresponds to darkness preference. However, external factors such as potential light reflections relative to the darkened side may influence fly movement and positioning, requiring careful interpretation17. Controlling unintended light exposure may improve measurement reliability in such experiments.

This method provides valuable insights into motor dysfunction in flies and the evaluation of neurotoxicity7. Combining high-throughput automation with real-time tracking and classical climbing assays enhances comprehensive behavioral analysis, reducing the risk of misinterpretation or overlooked effects8. Compared to traditional manual observation, this protocol offers greater precision, standardization, and automation, minimizing human bias and improving reproducibility10. The integration of real-time recording with classical climbing assays ensures that gross and fine locomotor defects are captured, making this a highly sensitive method for detecting neurotoxic effects17. Moreover, due to its ability to continuously monitor locomotor function in flies without disrupting the experiment, this protocol is well-suited for long-term neurotoxicity studies. Daily fly maintenance is minimal, making the experiment efficient and easy to manage over extended periods. However, the method itself also has its limitations. The ethoscope lacks real-time fluorescent recording, which has been utilized in other real-time systems such as FluoreScore22, which is particularly useful in studies involving GFP-modified flies; thus, its absence restricts the ethoscope’s utility.

Previous studies have shown significant behavioral and physiological response variation across inbred and sequenced strains, such as those from the Drosophila Genetic Reference Panel (DGRP)23. Thus, in future applications of this protocol, we recommend testing candidate compounds across multiple fly lines, including well-characterized genetic backgrounds like those in the DGRP collection, to increase confidence in the generalizability of observed neurotoxic effects.

Given the growing need for high-throughput, cost-effective neurotoxicity testing, this approach represents a robust and scalable tool for pharmacological research, environmental toxicology, and neurodegenerative disease modeling10.
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