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Dietary Quercetin Pretreatment Protects Against UV-C Radiation-Induced Seizure Vulnerability, Motor, and Visual Biomarker Impairments in Drosophila melanogaster
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ABSTRACT 

	Background: UV radiation is a type of non-ionising radiation that is ubiquitous in the environment and becomes hazardous with prolonged exposure. It can instigate progressive neurobehavioural impairment primarily through reactive oxygen species-mediated nervous system toxicity.
Aims: This study evaluated the radioprotective efficacy of flavonoid quercetin pretreatment against radiation-induced mechanical-shock, motor, and visual deficits in adult Drosophila melanogaster.
Study design: This study evaluated the radioprotective effects of quercetin against UV-C radiation. Post-UV-exposure recovery was quantified across mechanical-shock, locomotor, phototactic, and geotactic domains using behavioural tests and biological markers.
Place and Duration of Study: Graduate and Postgraduate Department of Zoology, Asutosh College, Kolkata-700026, and Dinabandhu Andrews College, Kolkata-700084, West Bengal, India, between January 2025 and June 2026.
Methodology: This study used a four-cohort comparative design (control, quercetin-pretreated, UV-C-treated, and quercetin-pretreated then UV-C-treated) in Drosophila melanogaster. The larvae and adult flies received a quercetin-supplemented diet (100μM) before exposure to UV-C radiation (360J/m2) for 120 seconds. Important functional biomarkers—adult locomotor (climbing) activity, seizure recovery, positive phototaxis, and negative geotaxis behaviours—were systematically quantified alongside biomarker-based assessments.
Results: Exposure to UV-C radiation severely affected climbing activity, delayed recovery after seizure shock, and disrupted the adult flies’ phototactic and geotactic preferences. Dietary quercetin pretreatment significantly ameliorated the disrupted geotactic-phototactic preference pattern, retained substantial locomotor activity, and resulted in faster post-seizure recovery.
Conclusion: Quercetin helps to mitigate impairment in age-dependent locomotor activity and recovery after mechanical shock injury and to restore phototactic and geotactic preferences in Drosophila melanogaster. Protection of these physical, motor, and sensory behavioural biomarkers highlights quercetin's potential to counteract UV-induced damage.
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1. INTRODUCTION 

Of the two types of radiation, ionising radiation has a high frequency and can harm health by penetrating deeply into body cells and damaging them (Tiwari & Wilson, 2019). Non-ionising radiation, on the other hand, has a lower frequency, but long-term exposure to UV light can still cause severe damage. Long-term exposure to UV-A and UV-B leads to premature ageing, damaged skin cells, and wrinkling (Sharma et al., 2023). Among the three known types of UV rays, UV-C represents the highest-energy band of non-ionising radiation (Badea et al., 2025). Natural UV-C is absorbed by Earth’s atmosphere, but accidental exposure to artificial UV-C can pose an even greater biological hazard. Environmental stressors such as ultraviolet-C (UV-C) radiation induce oxidative stress, leading to severe physiological and neurobehavioural impairment in biological systems (Mmbando & Ngongolo, 2024). Electromagnetic radiation exposure often induces cellular oxidative stress by generating reactive oxygen species (ROS). It disrupts the integrity of the central nervous system and triggers systemic neurobehavioural decline (Leković, 2026). Plant-based dietary antioxidants can protect against radiation by removing reactive oxygen species and reducing cell damage (Kumar & Pandey, 2013). Recent evidence also indicates that dietary bioactive compounds can contribute to radioprotection by modulating radiation-associated oxidative stress, inflammation, and DNA damage (Islam et al., 2024). To counteract this radiation-induced damage, natural flavonoids such as curcumin and quercetin are being actively investigated. These flavonoids are important plant-based compounds with variable polyphenolic structures (Villegas-Aguilar et al., 2024). Quercetin is abundant in tea and everyday superfoods such as red onions, apples, berries, and tomatoes. It is a strong plant flavonoid with high antioxidant activity (Xu et al., 2019). Quercetin has also been shown to improve systemic oxidant-antioxidant indices in an experimental oxidative-stress model, supporting its antioxidant activity in vivo (Kozak et al., 2020). This is why this compound is a part of our daily diet. Both of these flavonoids protect plants and animals from both biotic and abiotic stresses by acting as an ultraviolet (UV) filter. Research has shown their antioxidative, anticancer, and radioprotective effects in different animals (Mikhailova et al., 2023). More recent experimental work has reported quercetin-mediated protection against radiation-associated oxidative and inflammatory injury in vivo (Abdou et al., 2026). Drosophila melanogaster serves as a model organism for evaluating radiotoxicity because of its well-characterised behavioural repertoire and genetic tractability (Abolaji et al., 2013). An experimental study found that UV radiation caused DNA breaks in the salivary glands, reduced eclosion rate, and induced certain phenotypic mutations in Drosophila melanogaster (Enciso et al., 2018; Majumder et al., 2019; Lotfy et al., 2024). Furthermore, dietary curcumin supplementation effectively mitigates radiation-induced ageing and cellular injury and suppresses oxidative signalling cascades across biological systems (Zhan et al., 2026).
Although both of these polyphenols have been extensively studied for their radioprotective, anticancer, antioxidative, and other properties, the radioprotective effects of quercetin in Drosophila melanogaster, an in vivo model, have not yet been fully explored (Boots et al., 2008; Seong et al., 2015; Proshkina et al., 2016; Xu et al., 2019). Upon radiation exposure, this model organism exhibits an oxidative stress response akin to that in humans (Pandey & Nichols, 2011; Weber et al., 2012). Hence, this insect serves as a baseline model across multiple domains, including behavioural biology, neurobiology, genetics, and developmental biology, owing to its cost-effective maintenance, rapid life cycle, and exceptional reproductive potential (Sokolowski, 2001; Atoki et al., 2025). Following radiation exposure, adult flies exhibit marked physiological, functional, and behavioural decline across multiple parameters, including locomotor impairment, stress sensitivity, and altered phototactic and geotactic preferences (Pandey & Nichols, 2011). Adult flies naturally lose their ability to climb as they grow older, and measuring this age-dependent climbing behaviour provides a direct way to test how radiation affects muscle control and brain health (Gargano et al., 2005). Key behavioural markers include phototactic and geotactic preferences and post-mechanical-shock recovery; these reflect neuromuscular health in animals (Benzer, 1967; Kuebler & Tanouye, 2000). However, quercetin’s ability to prevent radiation-induced behavioural decline remains incompletely understood (Xu et al., 2019). The current study investigates the radioprotective efficacy of quercetin pretreatment against UV-C-radiation-induced damage in Drosophila melanogaster. Specifically, we measured adult climbing activity, mechanical stress recovery, and phototactic and geotactic preferences. This study investigates the radioprotective potential of dietary quercetin supplementation through behavioural biomarkers in Drosophila melanogaster exposed to UV-C radiation. These parameters serve as reliable functional biomarkers (Atoki et al., 2025) for assessing UV-radiation-induced toxicity and provide a sensitive behavioural assay to quantify neuromuscular integrity, motor coordination decline, and radiation-induced physiological ageing over time, highlighting the potential role of quercetin as a natural radioprotective agent.
Objective: Accordingly, the objective of this study was to evaluate whether dietary quercetin pretreatment mitigates UV-C-induced alterations in adult Drosophila melanogaster by assessing climbing performance, recovery from mechanical shock, and phototactic and geotactic behaviours.
2. material and methods 

2.1 Maintenance and fly stocks
 
Oregon R wild-type Drosophila melanogaster flies were used in all experiments. The college laboratory’s BOD stock centre housed and incubated all flies. Flies were reared on standard CSY culture medium (cornmeal 31.25 g, brown sugar 31.25 g, baker's yeast 18.75 g, agar-agar 6.25 g) with propionic acid and nipagin dissolved in 1 ml ethanol (Poddar et al., 2003). Incubation conditions included a temperature of 24°C and relative humidity (Šarić et al., 2007).
2.2 Quercetin diet and pre-treatment

Culture media were prepared according to the protocol of Poddar et al. (2003). Quercetin (100µM; Seong et al., 2015; Sigma-Aldrich) was added to the quercetin-treated culture sets: pre-Q-treated and Q+UV-treated. Each vial was filled with 5 mL of culture medium and plugged with sterilised cotton.
2.3 Experimental design and animal group 
Flies were assigned to four main experimental cohorts: control (C), wild-type flies fed a normal standardised diet and not irradiated; quercetin-pretreated (pre-Q), non-irradiated flies fed a quercetin-supplemented diet; UV-treated (UV), UV-C-irradiated flies fed the standard control diet; and UV plus quercetin-treated (Q+UV), flies pretreated with quercetin and then exposed to UV-C radiation.
2.4 Exposure to UV radiation
In this experiment, ultraviolet stress was induced using UV-C radiation (360J/m2), which served as the primary source of ultraviolet exposure. Each sample in the UV-C and Q+UV groups received a total exposure duration of 120 seconds. For the Q+UV set, flies were fed quercetin before radiation exposure. This setup allowed direct assessment of quercetin's protective efficacy under acute environmental stress.

2.5 Neuromuscular and motor kinetics study

2.5.1 Acute Negative Geotaxis assay 

To evaluate functional recovery and motor coordination, a Rapid Iterative Negative Geotaxis (RING) assay was performed to assess locomotor ability and neuromuscular function in Drosophila melanogaster, following Gargano et al. (2005) with minor modifications. A thermocol sheet was placed flat on a sturdy table with a white background. Four glass tubes (12 cm) were marked at heights of 4 cm and 8 cm from the bottom of each tube as thresholds for the flies' climbing activity. Eighteen freshly eclosed flies from the four experimental sets (i.e., C, pre-Q, UV, and Q+UV) were placed in the marked test tubes, which were capped with cotton plugs. In a well-lit room facing a white wall, the rack containing the test tubes was placed on a flat surface. A hardbound notebook was placed on top of the row of plugged test tubes in the rack. Next, while holding the rack with the assay tubes and the notebook, the entire setup was tapped three times in quick succession to allow all the flies in the tubes to fall to the bottom. A camera on a tripod capturing the entire arena was turned on immediately to record the geotaxis experiment for 60 seconds, and the results were recorded.

2.5.2 Age dependent climbing activity 

Age-dependent locomotor activity was evaluated across four experimental groups (C, pre-Q, UV, and Q+UV) at six time points (Days 3, 6, 9, 12, 15, and 18 post-eclosion) following established developmental monitoring timelines (Grotewiel et al., 2005). A total sample size of N = 600 adult flies was evaluated across four experimental cohorts (150 flies per cohort, divided into three independent replicates of 50 flies each). The experimental cohorts were monitored in a 250 mL Borosil glass cylinder covered with a lid. Locomotor activity was quantified by recording the total number of flies reaching a height of 25 cm within a fixed interval at each 3-day milestone using adapted vertical-column climbing protocols (Arking & Wells, 1990; Rhodenizer et al., 2008).
2.6 Sensory perception and orientational behaviour study (Phototactic preference assay)

Phototactic behaviour was tested in 10-day-old flies using a custom T-maze constructed from three clean glass vials and adapted from standard binary-choice phototaxis assay protocols (Hadler, 1964; Benzer, 1967). The maze included a central introduction chamber and two choice arms attached with transparent tape. The two arms were joined using a T-connector, with one arm covered in black tape to eliminate light (dark arm) and the opposing clear arm illuminated by an LED (light arm). Each test used 10 flies per trial across three biological replicates per cohort (N = 120 flies). Flies were placed in the central chamber and given 10 seconds to choose between the light and dark arms once the LED was turned on (Vang et al., 2012). Positive (+ve) and negative (-ve) phototaxis counts were recorded immediately after the 10-second interval.

2.7 Stress vulnerability and mechanical shock recovery study (Vortex assay for Mechanical shock recovery)
 
Post-seizure recovery was evaluated in 30-day-old flies across four groups (C, pre-Q, UV, and Q+UV). Flies were tested in batches of five in each empty glass vial (n = 5 flies/vial, 3 replicates per group; N = 60 flies). Vials were placed on a benchtop vortex mixer (REMI, CM 101) and vortexed at maximum speed for 20 seconds to induce mechanical paralysis and seizures, following established bang-sensitive vortex assay protocols with minor modifications (Kuebler & Tanouye, 2000; Fischer et al., 2024). Characteristic seizure behaviours, including leg twitching, wing flapping, paralysis, and proboscis extension, were monitored post-vortexing (Song & Tanouye, 2008). The time required for flies in each vial to recover a normal upright posture was recorded across three independent trials. Post-seizure recovery kinetics and cumulative recovery rates were analysed using Kaplan-Meier survival curves.

2.8 Statistical tools

Experimental differences among the study groups (C, pre-Q, UV, and Q+UV) were evaluated using one-way analysis of variance (ANOVA; Sokal & Rohlf, 2012), followed by Tukey’s Honest Significant Difference (HSD) post-hoc test for multiple comparisons (p < 0.05; Tukey, 1949; Zar, 2010). Group-wise differences against the control baseline were statistically evaluated at each age interval using Dunnett’s post-hoc multiple-comparison test (p < 0.05; Dunnett, 1955). Post-seizure recovery kinetics were evaluated by plotting cumulative probabilities of remaining unrecovered using Kaplan-Meier curves (Kaplan & Meier, 1958). Differences in median and complete recovery times across experimental cohorts were analysed using the non-parametric log-rank (Mantel-Cox) statistical test (Mantel, 1966).
3. results and discussion

Plant-derived dietary supplements often reduce radiation damage by neutralising harmful free radicals (Boots et al., 2008; Lu et al., 2025). Effective indicators of such radiation-induced damage include decreased motor activity and radiation-induced nerve and muscle damage in model organisms (Hunter et al., 2016). Radiation exposure damages sensory and motor pathways, impairing an animal's positive phototactic response, negative geotactic response, recovery from physical stress, and daily behaviour (Balentova, 2015; Praharaj et al., 2026).
3.1 Neuromuscular and motor kinetics study

3.1.1 Negative Geotaxis assay

To evaluate the acute protective effect of quercetin on motor function, negative geotaxis performance was assessed across all experimental groups. The number of flies crossing the 8 cm threshold after 60 seconds was recorded. Using the obtained data, the percentage of flies crossing the 8 cm distance within the given time interval was calculated, followed by the mean percentage across three replicates. Combined violin and box-and-whisker plots were generated (Fig. 1) using the free version of Flourish Studio online software. A combined box-and-whisker and violin plot was used to highlight the data's spread and peak concentrations across the four experimental groups. These two statistical tools helped display the distribution, medians, quartiles, interquartile ranges, and individual data points. The violin plot also shows the median, quartiles, and overall shape. Both the C and pre-Q-treated groups maintained near-maximal climbing performance (median ~98%), confirming that quercetin does not cause baseline motor toxicity. UV-C exposure severely reduced climbing success (median ~35%). In the Q+UV group, there was a significant rescue in motor performance (median ~78%). Exposure to UV-C radiation impaired the flies' innate tendency to climb upward, i.e., their negative geotactic behaviour, whereas quercetin pretreatment in the Q+UV group restored this normal upward-climbing preference despite UV-C-radiation-induced stress. This result strongly demonstrates the protective effect of the flavonoid quercetin against UV-C radiation damage.
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Fig. 1. Evaluation of Quercetin protection against UV-induced locomotor deficits using violin and box-and-whisker plots in Drosophila melanogaster
Violin and embedded box plots (generated in Flourish Studio) show data distributions, medians, inter quartile ranges (IQR), and individual replicates (), with group differences evaluated by One-Way ANOVA and Tukey’s post-hoc test.
3.1.2 Age dependent climbing activity

Negative geotaxis was evaluated across six time points (Days 3–18) to assess age-dependent neuromuscular function in Drosophila melanogaster (Fig. 2). Cohorts subjected to control (C), pre-Q, UV-C radiation (UV), and quercetin pretreatment prior to UV-C exposure (Q+UV) were evaluated using a negative geotaxis assay at 3-day intervals to assess age-specific locomotor activity. UV-C exposure induced a severe, progressive decline in motor capacity compared with the control cohorts (C and pre-Q) over 18 days. Dunnett’s post-hoc test showed (Table 1) that quercetin alone (pre-Q) caused no significant change from control levels, confirming that it was non-toxic (p > 0.05). UV-C exposure severely impaired mobility, reducing climbing scores to near zero by Day 18 (2.00±1.15; p < 0.01). Quercetin pretreatment (Q+UV) significantly protected flies from radiation damage across all time points (p < 0.05). By Day 18, Q+UV flies retained 71.6% of the control climbing capacity (17.67±1.45 vs 24.67±0.88), showing long-lasting protection. This statistical protection highlights the potency of this antioxidant against radiation-induced stress. Similarly, curcumin supplementation (100 μM) has been reported to mitigate gamma-induced ageing in Drosophila melanogaster (Seong et al., 2015).












Fig. 2. Age-specific locomotor activity and climbing performance in Drosophila melanogaster across experimental cohorts over 18 days. 
 values represent the total number of flies successfully exhibiting target climbing responses across three independent experimental replicates ( per cohort).
Experimental groups: Significance levels from normal control * , ** .


Table 1. 	Longitudinal Analysis of Age-Specific Locomotor Activity (Drosophila Climbing Assay) and Dunnett’s Post-Hoc Comparisons Against Baseline Control Across 18 Days.
	Time points
	Comparison vs Control (C)
	Mean Control
	Mean Group
	Mean Difference
	MSE
	SEdiff​
	Calculated Dunnett q
	Critical Value CD0.05​
	Significance Level

	Day 3
	Pre-Q vs C
	49
	47.33
	-1.67
	4.92
	1.81
	0.92
	5.21
	ns

	 
	UV vs C
	49
	26.33
	-22.67
	4.92
	1.81
	12.52
	5.21
	p<0.01 (**)

	 
	Q+UV vs C
	49
	39
	-10
	4.92
	1.81
	5.52
	5.21
	p<0.01 (**)

	Day 6
	Pre-Q vs C
	44
	44.67
	0.67
	4.42
	1.72
	0.39
	4.94
	ns

	 
	UV vs C
	44
	23.67
	-20.33
	4.42
	1.72
	11.85
	4.94
	p<0.01 (**)

	 
	Q+UV vs C
	44
	38
	-6
	4.42
	1.72
	3.5
	4.94
	p<0.05 (∗)

	Day 9
	Pre-Q vs C
	36.33
	33.67
	-2.67
	2.83
	1.37
	1.94
	3.96
	ns

	 
	UV vs C
	36.33
	21.33
	-15
	2.83
	1.37
	10.91
	3.96
	p<0.01 (**)

	 
	Q+UV vs C
	36.33
	31.67
	-4.67
	2.83
	1.37
	3.4
	3.96
	p<0.05 (∗)

	Day 12
	Pre-Q vs C
	33.33
	31.33
	-2
	2.33
	1.25
	1.6
	3.59
	ns

	 
	UV vs C
	33.33
	13.67
	-19.67
	2.33
	1.25
	15.77
	3.59
	p<0.01 (**)

	 
	Q+UV vs C
	33.33
	28.33
	-5
	2.33
	1.25
	4.01
	3.59
	p<0.01 (**)

	Day 15
	Pre-Q vs C
	30
	25.67
	-4.33
	4.17
	1.67
	2.6
	4.8
	ns

	 
	UV vs C
	30
	6.33
	-23.67
	4.17
	1.67
	14.2
	4.8
	p<0.01 (**)

	 
	Q+UV vs C
	30
	23
	-7
	4.17
	1.67
	4.2
	4.8
	p<0.01 (**)

	Day 18
	Pre-Q vs C
	24.67
	22
	-2.67
	3.42
	1.51
	1.77
	4.35
	ns

	 
	UV vs C
	24.67
	2
	-22.67
	3.42
	1.51
	15.02
	4.35
	p<0.01 (**)

	 
	Q+UV vs C
	24.67
	17.67
	-7
	3.42
	1.51
	4.64
	4.35
	p<0.01 (**)


Values represent Mean  SE of n = 3 independent replicates per cohort (50 flies per replicate vial; 150 flies per cohort; total study N = 600 flies across four cohorts). Differences relative to Control (C) were determined via Two-Way ANOVA followed by Dunnett’s post-hoc test (df = 8). *p < 0.05, ** p < 0.01; ns = not significant (p > 0.05).
3.2 Sensory perception and orientational behaviour (Phototactic preference assay)

Light-seeking phototactic behaviour was assessed across the four experimental groups to measure light-directed locomotor activity in Drosophila melanogaster (Fig. 3). Both control (C) and pre-Q-treated flies exhibited strong positive phototaxis, moving towards light. Exposure to UV-C radiation significantly reduced phototactic behaviour in flies, indicating impairment of their innate phototactic movement. In the Q+UV group, positive phototaxis was significantly restored compared with UV alone (Tables 2 and 3).






















Fig. 3.  Assessment of phototactic behavior in Drosophila melanogaster following UV-C exposure and quercetin pre-treatment.
Bars indicate the mean number of flies moving toward (+ve) or away from (-ve) light. Error bars indicate  SE (n=3). 
Table 2.	 One-Way ANOVA for positive phototaxis response across 4 experimental groups 
	Source of Variation
	Sum of Squares (SS)
	Degrees of Freedom (df)
	Mean Square (MS)
	F-statistic
	p-value
	Significance

	Between Groups
	29.583
	3
	9.861
	42.12
	<0.0001
	****

	Within Groups (Error)
	1.873
	8
	0.234
	—
	—
	—

	Total
	31.456
	11
	—
	—
	—
	—


(n = 3 independent biological replicates per group, N = 12). MSError = 0.234. Significance level: **** (p < 0.0001)
Table 3.	Tukey’s HSD Post-Hoc Pairwise Comparisons for positive phototaxis response across 4 experimental groups 
	Pairwise Group Comparison
	Mean Difference (ΔXˉ)
	Standard Error (SEHSD​)
	q-statistic
	Adjusted 
p-value
	Significance

	C vs. UV
	4
	0.279
	14.32
	<0.0001
	****

	C vs. Q+UV
	3
	0.279
	10.74
	0.0002
	***

	Pre-Q vs. UV
	3.33
	0.279
	11.92
	<0.0001
	****

	Pre-Q vs. Q+UV
	2.33
	0.279
	8.34
	0.0016
	**



Data are presented as Mean SE (n=3). Statistical significance was analyzed using Tukey’s HSD post-hoc test. SEHSD =   = 0.279, Significance thresholds: ** (p < 0.01); *** (p <0.001), **** (p < 0.0001). 

3.3 Stress vulnerability and mechanical shock recovery (Vortex assay for Mechanical shock recovery)

Post-seizure recovery kinetics across all experimental conditions were recorded. Among the experimental groups, seizure behaviour (i.e., leg twitching or jerking, wing flapping, paralysis, and proboscis extension) was much lower in the UV-treated groups than in the others. Kaplan-Meier cumulative probability curves show that UV-C radiation exposure significantly (p < 0.05) delayed post-seizure recovery time relative to the C and pre-Q groups. This confirms that UV exposure induces significant neurofunctional impairment (Fig. 4). The UV recovery curve is substantially right-shifted and displays the shallowest slope among all groups (reaching ET50 at 40.5s). Conversely, quercetin pretreatment in the Q+UV group markedly rescued these kinetics, with significantly faster recovery, reaching ET50 at 26.5s and full cohort recovery by 29s. Inter-group statistical differences in post-seizure recovery kinetics were evaluated using the log-rank (Mantel-Cox) test, which confirmed that recovery kinetics differed significantly among the four conditions (Table 4). Overall, quercetin preserves post-seizure recovery under UV stress.


Fig. 4. Analysis of post-seizure recovery kinetics using Kaplan-Meier recovery curves across all experimental groups. 
Curves display the cumulative probability of subjects remaining in a post-seizure unrecovered state over time (s). Subjects pre-treated with quercetin followed by UV-C exposure (Q+UV, yellow) exhibited significantly accelerated recovery kinetics compared to the UV-C exposed group without pre-treatment (UV, red). Control (C, violet) and Pre-treatment Quercetin (Pre-Q, green) groups exhibited rapid recovery dynamics. 

Table 4. Summary of post-seizure recovery kinetics and Kaplan-Meier Log-Rank statistics across experimental cohorts

	Experimental Cohort
	Median Recovery Time (ET50​, s)
	Total Recovery Time (ET100​, s)
	Log-Rank (Mantel-Cox) Test

	Control (C)
	18.5
	21
	χ2=10.82

	Pre-Q
	20
	23
	(df=3, p=0.0128 (p<0.05∗)

	UV
	40.5
	43
	

	Q+UV
	26.5
	29
	



n = 3 per group; ET50: n = 3  per group; ET50: Time at which 50% of the cohort achieved full posture recovery; ET100: Time at which 100% of the cohort achieved full posture recovery. Statistical significance evaluated at α = 0.05. (*p < 0.05, ** p < 0.01).

4. Conclusion

Taken together, this study demonstrates the broad efficacy of quercetin in safeguarding Drosophila melanogaster against UV-C-induced physiological and neurological dysfunction. It was observed that quercetin pretreatment protected this animal against UV-C-induced neuromuscular damage. It also effectively mitigated UV-C-induced motor deficits by maintaining the experimental groups’ innate negative geotaxis response and age-dependent negative geotaxis. Exposure to UV-C radiation impaired light-directed locomotor behaviour and severely disrupted natural positive phototaxis in Drosophila melanogaster. However, pretreatment with quercetin significantly restored positive phototactic responses under radiation stress. In the experimental groups, UV-C radiation induced severe neurofunctional impairment, resulting in delayed seizure recovery. Quercetin pretreatment effectively accelerated post-seizure recovery. This antioxidant protected the experimental groups from neurological dysfunction and restored motor coordination. Hence, it can be concluded that protection of these core physical, motor, and sensory biomarkers demonstrates its strong potential to counteract UV-C-radiation-induced damage. These findings highlight quercetin’s broad efficacy as a neuroprotective agent against UV radiation stress. This work identifies key functional biomarkers and establishes functional outcomes. Further research is necessary to explain how quercetin works across specific cellular, tissue, and microscopic parameters in this insect model. In addition, testing these effects in mammalian models could pave the way for practical radioprotective therapies.
Limitation
This study was conducted in Drosophila melanogaster using a defined quercetin pretreatment regimen and a single UV-C exposure condition, with outcomes focused on behavioural and functional biomarkers. Cellular, tissue-level, and microscopic mechanisms underlying the observed responses were not examined. Accordingly, the findings are limited to the experimental conditions and invertebrate model used, and further mechanistic studies and validation in mammalian models are required before broader biological or translational conclusions can be drawn.

Definitions, Acronyms, Abbreviations
List of Abbreviations & Acronyms
ANOVA: Analysis of variance is a statistical test used to compare the means of three or more groups to determine whether at least one group is significantly different from the others.
CI: A confidence interval is a statistical range computed from sample data that is likely to contain the true population parameter (e.g., mean or effect size) at a set probability level (typically 95%).
DF / df: Degrees of freedom represent the number of independent values or quantities that can vary in a statistical calculation.
Drosophila melanogaster: The common fruit fly; a prominent invertebrate model organism in genetics, neurobiology, and oxidative stress studies.
Dunnett’s Test: A post-hoc multiple comparison procedure used to compare each of several treatment groups against a single control baseline.
Eclosion: The process of an adult insect emerging from the pupal case.
Eclosion Rate: The percentage of pupae that successfully complete metamorphosis and emerge as viable adult flies.
Flavonoid: A class of plant secondary metabolites with variable polyphenolic structures, renowned for potent antioxidant, free-radical scavenging, and radioprotective properties.
HSD: Honest Significant Difference (Tukey’s test) is a post-hoc test used after ANOVA to identify which specific experimental group means differ significantly from each other.
Ionizing Radiation (IR): High-frequency electromagnetic or particulate radiation capable of detaching electrons from atoms or molecules, causing severe genomic and cellular damage.
Kaplan-Meier Survival Analysis: A non-parametric statistical method used to estimate the survival function or recovery kinetics from time-to-event data.
Log-Rank (Mantel-Cox) Test: A non-parametric hypothesis test used to compare the survival or recovery distributions of two or more independent groups.
Negative Geotaxis: An innate directional response in which organisms move upward against the vector of gravity upon mechanical disturbance.
Non-Ionising Radiation (NIR): Lower-frequency electromagnetic radiation (such as UV, visible light, and infrared) that lacks sufficient energy to ionise atoms but can still induce photochemical and thermal damage.
p-value: The probability of obtaining test results at least as extreme as the observed results, assuming that the null hypothesis is correct (statistical significance).
Phototaxis: The directional movement of an organism in response to a light stimulus, categorised as positive (+ve; movement towards light) or negative (-ve; movement away from light).
Quercetin: A naturally occurring polyphenolic flavonoid () abundant in fruits and vegetables, recognized for its ROS-scavenging and anti-apoptotic properties.
Reactive Oxygen Species (ROS): Highly reactive chemical species formed from diatomic oxygen, capable of causing oxidative damage to lipids, proteins, and DNA following UV radiation exposure.
SEM (Standard Error of the Mean): A measure of the statistical dispersion or variability of sample means around the population mean.
Tukey’s HSD Test: Tukey’s Honest Significant Difference test; a single-step post-hoc multiple comparison procedure used to find means that are significantly different from each other across all group pairs.
UV Radiation: Ultraviolet Radiation; electromagnetic radiation in the wavelength band of 100 nm to 400 nm, subdivided into UV-A (315–400 nm), UV-B (280–315 nm), and UV-C (100–280 nm).
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UV-C: The highest-energy waveband of non-ionizing ultraviolet radiation (100–280 nm), known to induce severe pyrimidine dimer formation, double-strand DNA breaks, and oxidative damage.
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