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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 

	Aims: UV radiation is a type of non-ionizing radiation. It is ubiquitous in the environment and becomes hazardous with prolonged exposure. It can instigate progressive neuro-behavioral impairment primarily through reactive oxygen species-mediated nervous system toxicity. This study evaluated the radioprotective efficacy of the flavonoid quercetin pre-treatment against radiation induced mechanical shock, motor, and visual deficits in adult Drosophila melanogaster.
Study design: To evaluate the radioprotective effects of quercetin against UV-C radiation. Post UV exposure recovery was quantified across mechanical shock, locomotor, phototactic, and geotactic domains using some behavioral 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, pre-quercetin treated, UV-C treated and pre-quercetin treated 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. Some important functional biomarkers- adult locomotory (climbing) activity, seizure recovery, +ve phototaxis, and -ve geotaxis behaviors were systematically quantified alongside biomarker-based assessments.
Results: Exposure to UV-C radiation severely affected climbing activity, delayed recovery after seizure shock, and disrupted adult flies’ phototactic -geotactic preferences. Dietary quercetin pre-treatment significantly ameliorated the disrupted geotactic-phototactic preference pattern, retained substantial locomotor activity, and resulted in faster post-seizure recovery.
Conclusion: Quercetin helps to mitigate age-dependent locomotor activity, post-recovery after mechanical shock injury, and to restore phototactic and geotactic preferences in Drosophila melanogaster. Protecting these physical, motor and sensory behavioral biomarkers highlights quercetin's potential to counteract UV-induced damage.
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1. INTRODUCTION 

Among the two types of radiation, ionizing radiation has a high frequency and can harm health by penetrating deeply into body cells and damaging them (Tiwari & Wilson, 2019). Nonionizing 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 aging, damaged skin cells, and wrinkling (Sharma et. al., 2022). Among the three known types of UV rays, UV-C represents the highest-energy band of non-ionizing radiation (Badea et al., 2024). 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 neurobehavioral impairment in biological systems (Mmbando and 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 neurobehavioral decline (Leković, 2026). Plant-based dietary antioxidants can protect against radiation by removing reactive oxygen species and reducing cell damage (Kumar and Pandey, 2013). To counteract these radiation-induced damages, natural flavonoids like 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 like red onions, apples, berries, and tomatoes. It is a strong plant flavonoid with high antioxidant activity (Xu et. al., 2019). That is why this compound is a part of our daily diet. Both of these flavonoids protect plants and animals from both biotic as well as abiotic stresses by acting as a unique ultraviolet (UV) filter. Research has shown their antioxidative, anti-cancer, and radioprotective effects in different animals (Mikhailova et. al., 2023). Drosophila melanogaster serves as a perfect model organism to evaluate radiotoxicity due to its well-characterized behavioral 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 (Majumder et. al., 2019; Enciso et. al., 2018; Lotfy et. al., 2024). Furthermore, dietary curcumin supplementation effectively mitigates radiation-induced aging and cellular injury and suppresses oxidative signaling cascades across biological systems (Zhan et. al., 2026).
Although both of these polyphenols have been extensively studied for their radioprotective, anti-cancer, 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; Proshkina et al., 2016; Xu et. al., 2019). Upon radiation exposure, this exceptional model organism unveils an oxidative stress response akin to that in humans (Pandey and Nichols, 2011; Weber et. al., 2012). Hence, this insect serves as a baseline model across multiple domains, including behavioral biology, neurobiology, genetics, and developmental biology, owing to its cost-effective maintenance, rapid life cycle, and exceptional reproductive potential (Sokolowski, 2001; Victor Atoki et. al., 2024). Following radiation, adult flies exhibit marked physiological, functional, and behavioral decline across multiple parameters, including locomotor impairment, stress sensitivity, altered phototactic and geotactic preferences (Pandey and Nichols, 2011). Adult flies naturally lose their ability to climb as they grow older, and measuring this age-dependent climbing behavior provides a direct way to test how radiation affects muscle control and brain health (Gargano et. al., 2005). Some key behavioral markers are for phototactic- geotactic preferences, post mechanical shock recovery and they reflect neuromuscular health in animals (Benzer, 1967; Kuebler and Tanouye, 2000). However, quercetin’s ability to prevent radiation-induced behavioral decline remains incompletely understood (Xu et. al., 2019). The current study investigates the radioprotective efficacy of quercetin pre-treatment against UV-C radiation induced damage in Drosophila melanogaster. Specifically, we measured mechanical stress recovery, phototactic and geotactic preference, circadian rhythmicity and mating success. This study investigates the radioprotective potential of dietary quercetin supplementation on behavioral biomarkers in Drosophila melanogaster exposed to UV-C radiation. These parameters serve as reliable functional biomarkers (Victor Atoki et. al., 2024) for assessing UV radiation-induced toxicity and provide a sensitive behavioral assay to quantify neuromuscular integrity, motor coordination decline, and radiation-induced physiological aging over time, mating behavior highlighting the potential role of quercetin as a natural radioprotective agent.

2. material and methods 

2.1 Maintenance and fly stocks
 
Oregon R wild-type Drosophila melanogaster was used in all experiments. The college laboratory’s BOD stock center houses and incubates 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., 2002). Incubation conditions were set at 24°C with relative humidity (Šarić et. al., 2007).
2.2 Quercetin diet and pre-treatment

Culture Culture media were prepared according to the protocol of Poddar et. al. (2002). 100 µM quercetin (Sigma-Aldrich) was added to the quercetin-treated culture sets: pre-Q -treated and  Q + UV-treated. The vial is filled with 5 mL of culture medium and is plugged with sterilized cotton
2.3 Experimental design and animal group 
Flies were assigned to four main experimental cohorts - control (C): wild type flies fed with normal standardized diet & no irradiation given, quercetin pre-treated (pre-Q treated): Non-irradiated flies fed with quercetin supplemented diet, UV treated (UV): UV-CV irradiated flies with standard control diet, UV and quercetin treated (Q+UV): flies were pre-treated with quercetin and then UV-C rays were given. 
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 pre-fed quercetin prior to radiation exposure. This setup allowed for the 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 (12cm) were marked at 4 cm & 8 cm height using a permanent marker from the bottom of the tube as a threshold for climbing activity of the flies. Eighteen freshly eclosed flies from the 4 experimental sets (i.e., C, Q, UV & Q+UV) were placed on the marked test tubes & were capped with a cotton plug. 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, holding the rack with the assay tubes and the notebook, the entire setup was tapped thrice in quick succession to let all the flies in the tubes fall to the bottom. A camera with a tripod capturing the entire arena was turned on immediately to start recording the geotaxis experiment (60 seconds), and the result was noted down. 

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). The total sample size was 200 flies (N = 50 flies/ cohort, tested across three independent biological replicates). 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 behavior was tested in 10-day-old flies using a custom T-maze built from three clean glass vials adapted from standard binary choice phototaxis assay protocols (Benzer, 1967; Halder, 1964). 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 lit by an LED (light arm). Tests 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 5 per 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 behaviors, 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 normal upright posture was recorded across three independent trials. Post-seizure recovery kinetics and cumulative recovery rates were analyzed using Kaplan-Meier survival curves.

2.10 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 and 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 unrecovered using Kaplan-Meier curves (Kaplan & Meier, 1958). Differences in median and complete recovery times across experimental cohorts were analyzed using the non-parametric Log-Rank (Mantel-Cox) statistical test (Mantel, 1966). Descriptive behavioral data (courtship latency and copulation duration) are presented as  to accurately represent sample population dispersion.
3. results and discussion

Plant-derived dietary supplements often reduce radiation damage by neutralizing harmful free radicals (Boots et. al., 2008, Lu et. al., 2025). Some effective indicators of such radiation induced damages are - decreased motor activity, radiation-induced nerve and muscle damage in model organisms (Hunter et. al., 1985). Radiation exposure damages sensory and motor pathways, impairing an animal's positive phototactic response, negative geotactic recovery from physical stress, and daily behavior (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 8cm threshold level after 60 seconds was recorded. Using the obtained data % of flies crossing the 8 cm distance in the given time interval was recorded, followed by the mean % of the same in 3 replicates. Combined violin and box-and-whisker plots were generated (Fig. 1) using the free version of Flourish Studio online software. The box-and-whisker plot and a violin plot were used.  It combines a box plot with a density curve 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 groups, there was a significant rescue in motor performance (median ~78%). Exposure to UV-C radiation impaired flies' innate tendency to climb upward, i.e., their negative geotactic behavior, whereas quercetin pre-treatment in the Q+UV groups restored this normal upward-climbing preference despite UV-C radiation-induced stress. This result strongly demonstrates the protective effect of 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 pre-treatment 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 to control cohorts (C and pre-Q) over 18 days. Dunnett’s post-hoc test showed (Table 1.) that quercetin alone (Q) caused no significant change from control levels, confirming it is non-toxic (p > 0.05 ). UV-C exposure severely impaired mobility, dropping climbing scores to near-zero by Day 18 (2.00±1.15; p < 0.01). Quercetin pre-treatment (Q+UV) significantly protected flies from radiation damage across all time points (p < 0.05). By Day 18, Q+UV flies kept 71.6% of 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. 












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
	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
	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
	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
	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
	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
	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  SEM ( replicates/cohort, 20 flies/replicate). 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 behavior 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 toward light. Exposure to UV-C radiation significantly reduced phototactic behavior in flies, indicating impairment in their innate phototactic movement. In the Q+UV groups, positive phototaxis was significantly restored compared to 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
	***

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

	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 behavior (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 pre-treatment in the Q+UV group markedly rescued these kinetics by recovering significantly faster, 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 protects this animal against UV-C induced neuromuscular damage. It also effectively preserves UV-C-induced motor deficits by maintaining the experimental groups’ innate negative geotaxis response and age-dependent negative geotaxis. Exposure to UV-C radiation impairs light-directed locomotor behavior. It also severely disrupts the natural positive phototaxis in Drosophila melanogaster. However, pretreatment with quercetin significantly restores positive phototactic responses under radiation stress. In the experimental groups, UV-C radiation induces severe neurofunctional impairment resulting in a delay in the seizure recovery time. Quercetin pre-treatment effectively accelerated post-seizure recovery time. Hence, this antioxidant protected the experimental groups from neurological dysfunction and restored motor coordination. Hence, it can be concluded that protecting these core physical, motor and sensory biomarkers demonstrates it's strong potential to counteract UV-C radiation induced damage. These findings highlight quercetin’s broad efficacy as a neuroprotective agent against radiation stress.
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 if at least one group is significantly different from the others.
CI : 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: 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 statistic 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 where organisms move upward against the vector of gravity upon mechanical disturbance.
Non-Ionizing Radiation (NIR): Lower-frequency electromagnetic radiation (such as UV, visible light, and infrared) that lacks sufficient energy to ionize 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 the null hypothesis is correct (statistical significance).
Phototaxis: The directional movement of an organism in response to a light stimulus, categorized as positive (+ve; movement toward 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.








Declaration of AI Use

This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.


COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.




References

Tiwari, V., & Wilson, D. M. (2019). DNA Damage and Associated DNA Repair Defects in Disease and Premature Aging. The American Journal of Human Genetics, 105(2), 237-257. https://doi.org/10.1016/j.ajhg.2019.06.005 
Sharma, S. K., James, J., Gupta, S. K., & Hussain, S. (2022). UV-A,B,C Emitting Persistent Luminescent Materials. Materials, 16(1), 236. https://doi.org/10.3390/ma16010236
Badea, N., Samayoa, D., Moroşan, A., Ott, C., & Lacatusu, I. (2024). Hybrid Carbohydrate–Lipid Nanocarriers: In Vitro Efficacy Gene-Rated by Association of UV-Absorbers and Raspberry Polyphenols Rich-Fraction. Pharmaceuticals, 18(1), 16. https://doi.org/10.3390/ph18010016
Mmbando, G.S., Ngongolo, K. Environmental & health impacts of ultraviolet radiation: current trends and mitigation strategies. Discov Sustain 5, 436 (2024). https://doi.org/10.1007/s43621-024-00698-1
Leković, Ž. (2026). Electromagnetic fields and oxidative stress: The link to the development of cancer, neurological diseases, and behavioral disorders. Electromagn Biol Med, 45(1):94-118. https://doi.org/10.1080/15368378.2025.2567872 
Villegas-Aguilar, M. C., Sánchez-Marzo, N., Fernández-Ochoa, Á., Del Río, C., Montaner, J., Micol, V., Herranz-López, M., Barrajón-Catalán, E., Arráez-Román, D., Cádiz-Gurrea, M. L., & Segura-Carretero, A. (2024). Evaluation of Bioactive Effects of Five Plant Extracts with Different Phenolic Compositions against Different Therapeutic Targets. Antioxidants, 13(2), 217. https://doi.org/10.3390/antiox13020217
Mikhailova, D. V., Shevchenko, O. G., Golubev, D. A., Platonova, E. Y., Zemskaya, N. V., Shoeva, O. Y., Gordeeva, E. I., Patov, S. A., Shaposhnikov, M. V., Khlestkina, E. K., & Moskalev, A. (2023). Antioxidant Properties and Geroprotective Potential of Wheat Bran Extracts with Increased Content of Anthocyanins. Antioxidants, 12(11), 2010. https://doi.org/10.3390/antiox12112010
Majumder, S., Bandyopadhyay, M., Pal, S., & Mukhopadhyay, D. (2019). Ameliorating effect of quercetin against UV radiation-induced damage in Drosophila melanogaster. European Journal of Biological Research, 9(4), 276–285. http://dx.doi.org/10.5281/zenodo.3588543
Enciso, Y. J., Cruz, A. L. S., & Price, J. F. H. (2018). Scrutinizing the Effects of UV-C Radiation on Developmental Timing and Adult Morphology of Drosophila melanogaster. Journal of the Arizona-Nevada Academy of Science, 47(2), 55–61. https://doi.org/10.2181/036.047.0206
Lotfy, M., Khattab, A., Shata, M., Alhasbani, A., Almesmari, A., Alsaeedi, S., Alyassi, S., & Kundu, B. (2024). Destructive effects of UVC radiation on Drosophila melanogaster: Mortality, fertility, mutations, and molecular mechanisms. PLOS ONE, 19(5), e0303115. https://doi.org/10.1371/journal.pone.0303115
Seong, K. M., Yu, M., Lee, K. S., Park, S., Jin, Y. W., & Min, K. J. (2015). Curcumin mitigates accelerated aging after irradiation in Drosophila by reducing oxidative stress. BioMed Research International,15, 425380. https://doi.org/10.1155/2015/425380
Zhan, L., Qia, M., Cha, Y., & Gao, X. (2026). Effect of curcumin intervention on radiation-induced injury: a GRADE-based systematic review and meta-analysis. BMC Cancer, 26. https://doi.org/10.1186/s12885-026-15985-5 
Boots, A. W., Haenen, G. R. and Bast, A. (2008). Health effects of quercetin: from antioxidant to nutraceutical. European Journal of Pharmacology, 585(2-3), 325–337. https://doi.org/10.1016/j.ejphar.2008.03.008
Proshkina, E., Lashmanova, E., Dobrovolskaya, E., Zemskaya, N., Kudryavtseva, A., Shaposhnikov, M., & Moskalev, A. (2016). Geroprotective and Radioprotective Activity of Quercetin, (-)-Epicatechin, and Ibuprofen in Drosophila melanogaster. Frontiers in Pharmacology, 7, 505. https://doi.org/10.3389/fphar.2016.00505 
Xu D, Hu MJ, Wang YQ, Cui YL. (2019). Antioxidant activities of quercetin and its complexes for medicinal applications. Molecules. 24(6):1123. https://doi.org/10.3390/molecules24061123 
Pandey, U. B. and Nichols, C. D. (2011). Human disease models in Drosophila melanogaster. Pharmacological Reviews, 63(2), 411–436. https://doi.org/10.1124/pr.110.003293
Weber, A. L., Khan, G. F., Magwire, M. M., Tabor, C. L., Mackay, T. F. C., & Anholt, R. R. H. (2012). Genome-Wide Association Analysis of Oxidative Stress Resistance in Drosophila melanogaster. PLoS ONE, 7(4), e34745. https://doi.org/10.1371/journal.pone.0034745
Sokolowski, M. (2001). Drosophila: Genetics meets behaviour. Nat Rev Genet 2, 879–90. https://doi.org/10.1038/35098592
Victor Atoki, A., Aja, P. M., Shinkafi, T. S., Ondari, E. N., Adeniyi, A. I., Fasogbon, I. V., Dangana, R. S., Shehu, U. U., & Akin-Adewumi, A. (2024). Exploring the versatility of Drosophila melanogaster as a model organism in biomedical research: a comprehensive review. Fly, 19(1), 2420453. https://doi.org/10.1080/19336934.2024.2420453
Gargano, J. W., Martin, I., Bhandari, P., & Grotewiel, M. S. (2005). Rapid iterative negative geotaxis (RING): A new method for assessing age-related locomotor decline in Drosophila. Experimental Gerontology, 40(5), 386–395. https://doi.org/10.1016/j.exger.2005.02.005
Benzer, S. (1967). Behavioral mutants of Drosophila isolated by countercurrent distribution. Proceedings of the National Academy of Sciences of the United States of America, 58(3), 1112–1119. https://doi.org/10.1073/pnas.58.3.1112
 Kuebler D, Tanouye MA. (2000) Modifications of Seizure Susceptibility in Drosophila. J Neurophysiol 83:998-1009. http://doi.org/10.1152/jn.2000.83.2.998.
Poddar, T. K., Mukhopadhyay, S., & Das, S. K. (2002). An advanced laboratory manual of zoology. New Delhi: Laxmi Publications.
Šarić, A., Kalafatić, M., Rusak, G., Kovačević, G., Franjević, D., & Gutzeit, H. O. (2007). Postembryonic development of Drosophila melanogaster Meigen, 1830 under the influence of quercetin. Entomological News, 118(3), 235–240. https://doi.org/10.3157/0013-872X(2007)118 
Grotewiel, M. S., Martin, I., Bhandari, P., & Cook-Wiens, E. (2005). Functional senescence in Drosophila melanogaster. Ageing Research Reviews, 4(3), 372–397. https://doi.org/10.1016/j.arr.2005.04.001
Arking, R., & Wells, R. A. (1989). Genetic alteration of normal aging processes is responsible for extended longevity in Drosophila. Developmental Genetics, 11(2), 141-148. https://doi.org/10.1002/dvg.1020110204 
Rhodenizer, D., Martin, I., Bhandari, P., Pletcher, S. D., & Grotewiel, M. (2008). Genetic and environmental factors impact age-related impairment of negative geotaxis in Drosophila by altering age-dependent climbing speed. Experimental Gerontology, 43(8), 739-748. https://doi.org/10.1016/j.exger.2008.04.011 
Hadler, N. M. (1964). Heritability and phototaxis in Drosophila melanogaster. Genetics, 50(6), 1269–1277. https://doi.org/10.1093/genetics/50.6.1269 
Vang, L. L., Medvedev, A. V., & Adler, J. (2012). Simple visual light/dark preference assay for Drosophila melanogaster. Journal of Neurogenetics, 26(3-4), 382–386. https://doi.org/10.1371/journal.pone.0037495 
Fischer FP, Karge RA, Koch H, Voigt A, Weber YG and Wolking S. (2024). The fruit fly Drosophila melanogaster as a screening model for antiseizure medications. Front. Pharmacol, 15:1489888. https://doi.org/10.3389/fphar.2024.1489888 
Song, J., & Tanouye, M. A. (2008). From bench to drug: Human seizure modeling using Drosophila. Progress in Neurobiology, 84(2), 182–191. https://doi.org/10.1016/j.pneurobio.2007.10.006
Allada, R., & Chung, B. Y. (2010). Circadian organization of behavior and physiology in Drosophila.  A. Rev. Physiol. 72: 605-24. https://doi.org/10.1146/annurev-physiol-021909-135815 
Helfrich-Förster, C. (2005). Neurobiology of the fruit fly's circadian clock. Genes, Brain and Behavior, 4(2), 65-76. https://doi.org/10.1111/j.1601-183X.2004.00092.x 
Nelson, W., Tong, Y. L., Lee, J. K., & Halberg, F. (1979). Methods for cosinor-rhythmometry. Chronobiologia, 6(4), 305–23.
Sokal, R. R. and Rohlf, F. J. (2012) Biometry: The Principles and Practice of Statistics in Biological Research, 4th ed. W. H. Freeman and Company, New York. 937 p.
Tukey J. W. (1949). Comparing individual means in the analysis of variance. Biometrics, 5(2):99-114. PMID: 18151955
Zar, Jerrold. (2010). Biostatistical Analysis: New Jersey: Prentice-Hall.
Dunnett, C. W. (1955). A multiple comparison procedure for comparing several treatments with a control. Journal of the American Statistical Association, 50(272), 1096–1121. https://doi.org/10.1080/01621459.1955.10501294
Kaplan, E. L., & Meier, P. (1958). Nonparametric estimation from incomplete observations. Journal of the American Statistical Association, 53(282), 457–81. https://doi.org/10.1080/01621459.1958.10501452
Mantel, N. (1966). Evaluation of survival data and two new rank order statistics arising in its consideration. Cancer Chemotherapy Reports, 50(3), 163–70.
Lu, Y., Wang, K., & Hu, L. (2025). Advancements in delivery systems for dietary polyphenols in enhancing radioprotection effects: Challenges and opportunities. Npj Science of Food, 9(1), 51. https://doi.org/10.1038/s41538-025-00419-6 
Hunter, S. K., Pereira H. M., Keenan K., G. (2016) The aging neuromuscular system and motor performance. J Appl Physiol, 1;121(4):982-95. https://doi.org/10.1152/japplphysiol.00475.2016  

Balentova, S., & Adamkov, M. (2015). Molecular, Cellular and Functional Effects of Radiation-Induced Brain Injury: A Review. International Journal of Molecular Sciences, 16(11), 27796-27815. https://doi.org/10.3390/ijms161126068 
Praharaj S, Chakraborty E and Mahalingam G. (2026). Ultraviolet radiation and neurodegeneration: molecular mechanisms underlying dual neuroprotective and neurotoxic effects. Front. Cell. Neurosci, 20:1909393. https://doi/10.3389/fncel.2026.1909393
Shao, Z., Han, Y., Yu, R., Wang, Y., Qu, P., Lu, D., Xu, D., Wang, W., Wei, W., He, J., He, J., Wang, J., & Ding, N. (2025). Ionizing radiation disrupts behavior rhythms and clock-related pathways in Drosophila melanogaster. Ecotoxicology and Environmental Safety, 309, 119531. https://doi.org/10.1016/j.ecoenv.2025.119531

Control (C)	0.47	1.1499999999999999	0.88	0.88	0.57999999999999996	0.88	0.47	1.1499999999999999	0.88	0.88	0.57999999999999996	0.88	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	49	44	36.33	33.33	30	24.67	Quercetin (Q)	0.72	0.33	0.88	0.88	1.45	0.57999999999999996	0.72	0.33	0.88	0.88	1.45	0.57999999999999996	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	47.33	44.67	33.67	31.33	25.67	22	UV	1.66	1.76	1.45	0.88	0.88	1.1499999999999999	1.66	1.76	1.45	0.88	0.88	1.1499999999999999	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	26.33	23.67	21.33	13.67	6.33	2	Q+UV	0.94	1.1499999999999999	0.33	0.88	1.53	1.45	0.94	1.1499999999999999	0.33	0.88	1.53	1.45	Day 3	Day 6	Day 9	Day 12	Day 15	Day 18	39	38	31.67	28.33	23	17.670000000000002	 Time points (days Post-treatment)


Climbing ability/ Target count (Mean±SE)




+ve phototaxis	0.33333333333333331	0.57735026918962584	0.33333333333333337	0.66666666666666552	0.33333333333333331	0.57735026918962584	0.33333333333333337	0.66666666666666552	C	Q	UV	Q+UV	9.67	9	5.67	6.67	-ve Phototaxis	0.33333333333333337	0.57735026918962584	0.33333333333333276	0.66666666666666641	0.33333333333333337	0.57735026918962584	0.33333333333333276	0.66666666666666641	C	Q	UV	Q+UV	0.33	1	4.33	3.33	Sample groups


No. of flies showing Photaxis 




C	0	18	18	19	19	21	21	23	23	26	26	27	27	29	29	38	38	41	41	43	43	1	1	0.67	0.67	0.33	0.33	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Pre-Q	0	18	18	19	19	21	21	23	23	26	26	27	27	29	29	38	38	41	41	43	43	1	1	1	1	0.67	0.67	0.33	0.33	0	0	0	0	0	0	0	0	0	0	0	0	0	UV	0	18	18	19	19	21	21	23	23	26	26	27	27	29	29	38	38	41	41	43	43	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	0.67	0.67	0.33	0.33	0	Q+UV	0	18	18	19	19	21	21	23	23	26	26	27	27	29	29	38	38	41	41	43	43	1	1	1	1	1	1	1	1	1	1	0.67	0.67	0.33	0.33	0	0	0	0	0	0	0	Time (seconds)


Relative fraction of unrecovered subjects




image1.jpeg
Sample group

oL =)
Fhle ——>
i (=t
—° —rTre
L L L L S
& K3 & & s s

Negative Geotaxis (%)




