


Time and Dose dependent effects of triazine compounds on Survival of Drosophila melanogaster



Abstract
Present investigation reports impact of two triazine compounds, 1,3,5-Triphenyl-[1,3,5] triazine (T1) and 1,3,5-Tris-(2-trifluoromethyl-phenyl)-[1,3,5] triazine (T2), on the survivorship of Drosophila melanogaster. We exposed adult flies to varying concentrations of T1 and T2 (125 mg/L, 250 mg/L, and 500 mg/L dissolved in DMSO) under standard culture conditions, comparing survivorship to control groups (untreated and DMSO-treated). Results indicated that both T1 and T2 do not show toxicity until day 30, however, post day 30 high dose of T1(500 mg/L) becomes harmful to Drosophila adult flies while T2 remains safe. The findings highlight the differential effects of structurally related triazine compounds on D. melanogaster survival.
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Introduction
1,3,5-Triazines have attracted immense attention owing to their multitude of applications in pharmaceuticals, agrochemicals, and material sciences. As a privileged scaffold in drug discovery, s-triazine derivatives exhibit potent biological activities, including antimicrobial, anticancer, and anti-Alzheimer’s properties (Sharma et al., 2021; Silva et al., 2025; Dai et al., 2023). Their role in medicinal chemistry extends to bioconjugation and targeted drug delivery, making them a crucial component in modern therapeutics (Singh et al., 2021). Beyond pharmaceuticals, triazine-based porous organic polymers have been explored for environmental applications, such as reversible iodine capture and antibacterial functionalities (Mohan et al., 2022). Additionally, triazine dendrimers have been widely investigated for their potential in nanomedicine and gene delivery (Simanek, 2021). However, despite their widespread utility, concerns regarding their environmental persistence and toxicity remain. Triazine-based herbicides, for instance, pose significant risks to ecosystems due to their long degradation times and potential bioaccumulation in organisms (Yao et al., 2023). Studies have shown that exposure to these compounds can lead to adverse effects in model organisms such as Drosophila melanogaster and Tenebrio molitor, impacting developmental processes, cuticle melanization, and immune responses (Affleck & Walker, 2019; Naccarato et al., 2023). Given their extensive use, further research into the environmental impact and safer alternatives for triazine derivatives is imperative to balance their benefits with ecological safety. This study aims to assess the effects of two triazine derivatives, T1 and T2, on the survivorship of D. melanogaster. The knowledge gained from Drosophila studies can be applied to broader toxicological and environmental contexts, providing valuable insights for understanding the effects of various compounds on living organisms and ecosystems.
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Fig. 1 Diverse applications of triazine scaffold.
Methodology
Drosophila culture
Wild-type Drosophila melanogaster (Oregon-R strain) were maintained on a standard cornmeal-yeast-sugar-agar medium supplemented with propionic acid and nipagin to inhibit mold growth. Cultures were kept at a constant temperature of 25 ± 2°C, with a consistent humidity and a 12-hour light/12-hour dark photoperiod (Ashburner and Roote, 2000).
Compound Preparation and Exposure
Both the compounds were dissolved in dimethyl sulfoxide (DMSO) to create stock solutions. Well characterized compounds were obtained from Department of Chemistry (detailed characterization data is under publication somewhere else). These stock solutions were then diluted with standard fly food to achieve the final concentrations of 125 mg/L, 250 mg/L, and 500 mg/L. Control groups included a plain control (no treatment) and DMSO controls at concentrations used to dissolve the compound (Yadav et. al., 2024). 
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Fig. 2. Triazine compounds used in the study.
Survivorship Assay
Newly eclosed adult flies (mixed sex, 3 days old) were collected and divided into groups of 30 flies per vial. Each treatment group (including controls) consisted of five replicate vials. Flies were shifted to fresh vials containing the appropriate treatment every three days. The count of dead flies was recorded on regular intervals for a period of 60 days or until all the flies were dead. Survivorship was calculated as the percentage of flies remaining alive at each time point (Bernardes et al., 2023).
Statistical Analysis
Data was organized and presented as mean ± std. deviation (S.D.). One-way ANOVA and Tukey’s multiple comparison test was used to estimate the differences in mean survival percentage at specific time points. A p-value of <0.05 was considered statistically significant (jamovi, v. 2.6.26). 
Results
Under standard conditions, T1 at 125 mg/L and 250 mg/L did not significantly alter survival percentage compared to the plain and DMSO controls. However, at 500 mg/L, T1 reduced survivorship, an effect that was also observed in the 500 mg/L DMSO control, particularly after day 30. This suggests a potential contribution of DMSO to the observed toxicity at higher concentrations (Fig. 3). 
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Fig. 3. Effects of T1 on Drosophila melanogaster survivorship. Survival (%) of wild-type Drosophila melanogaster (Oregon-R) exposed to different concentrations of T1 in food. Flies were treated with T1 at 125 mg/L, 250 mg/L, and 500 mg/L dissolved in DMSO, with corresponding DMSO controls and a plain control (C). The graphs show survival percentage at different time points (Day 15, Day 30, Day 45, and Day 60) under standard conditions. Error bars represent standard deviation (S.D.), and * p < 0.05.
Higher density regions indicate similar survivorship clustering in density distribution plots. Under standard conditions, survivorship remained high for most groups except for T1-500 and DMSO-500, which showed reduced densities over time (Fig. 4). 
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Fig. 4. Density distribution of survival percentage in Drosophila melanogaster exposed to T1 under standard culture conditions. Kernel density plots showing the distribution of survival percentages in Drosophila melanogaster (Oregon-R strain) treated with different concentrations of T1 over time. Flies were exposed to T1 at 125 mg/L, 250 mg/L, and 500 mg/L, along with corresponding DMSO controls and a plain control (C). Panels represent survival percentage distributions at (A) Day 15, (B) Day 30, (C) Day 45, and (D) Day 60.

T2 did not significantly reduce survivorship at any concentration. At 500 mg/L, flies treated with T2 showed better survivorship than the corresponding DMSO control. These findings suggest a potential protective effect of T2 under standard conditions against solvent induced effects (Fig. 5). Density distribution curves also show a similar trend in T2 treatment groups (Fig. 6).
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Fig. 5. Effects of T2 on Drosophila melanogaster survivorship. Survival (%) of wild-type Drosophila melanogaster (Oregon-R strain) exposed to different concentrations of T2 in food. Flies were treated with T2 at 125 mg/L, 250 mg/L, and 500 mg/L, with corresponding DMSO controls and a plain control (C). The graphs show survival percentage at different time points: (Top left) Day 15, (Top right) Day 30, (Bottom left) Day 45, and (Bottom right) Day 60 under standard culturing conditions. Error bars are standard deviation (S.D.), and * p < 0.05. 
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Fig. 6. Density distribution of Drosophila melanogaster survivorship under T2 treatment. Density plots representing survival percentage distribution across different time points for wild-type Drosophila melanogaster (Oregon-R strain) exposed to T2 at 125 mg/L, 250 mg/L, and 500 mg/L, with corresponding DMSO controls and a plain control (C). Each subplot represents survivorship distributions at (A) Day 15, (B) Day 30, (C) Day 45, and (D) Day 60.
Discussion
This study examines the differential toxicological effects of two triazine derivatives, T1 (unsubstituted phenyl) and T2 (2-trifluoromethyl phenyl), on Drosophila melanogaster. The findings highlight the significant role of substituent groups in modulating biological activity. T1 exhibited dose-dependent toxicity, especially at higher concentration (500 mg/L) and longer exposure duration, suggesting interference with metabolic pathways essential for survival in these conditions. This aligns with previous studies on triazine herbicides, which systemically disrupt metabolic processes and accumulate as toxic residues (Ahmad et al., 2023). 
Unlike T1, T2 showed no toxicity and even enhanced survivorship under starvation, suggesting a protective effect. The contrasting effects of T1 and T2 underscore the importance of substituent chemistry in determining biological activity. The electron-withdrawing trifluoromethyl group in T2 likely alters its interaction with biological targets, aligning with findings that halogenated triazines exhibit distinct toxicological profiles (Yadav et al., 2024). Additionally, studies on trifluoromethylated fused triazinones indicate that such groups can mitigate toxicity (Sztanke et al., 2021), supporting the hypothesis that T2’s structure contributes to its protective properties. The reduced survivorship in high-concentration DMSO control groups highlights solvent toxicity, reinforcing the need for cautious interpretation of toxicological results. Prior studies report DMSO-induced cytotoxicity in human cells and Drosophila larvae (Santos et al., 2024; Cvetković et al., 2015). Potential interactions between DMSO and T1 may have exacerbated toxicity, warranting alternative solvent strategies in future research. Further research should focus on elucidating the precise mechanisms through which T1 exerts toxicity and T2 confers potential protective effects, particularly by examining metabolic pathways, stress response genes, and possible molecular targets. Additionally, assessing the impact of T1 and T2 at environmentally relevant concentrations is crucial for evaluating their ecological significance.
Conclusion
This study demonstrates that structurally related triazine derivatives can exhibit markedly different biological effects, emphasizing the role of chemical modifications in toxicity and survivorship. T1's toxicity at high dose level suggests interference with essential metabolic pathways, while T2's protective effect implies a possible role in stress adaptation. These findings underscore the need for targeted investigations into structure-activity relationships within the triazine family. Furthermore, the impact of solvent effects on experimental outcomes highlights the necessity of careful methodological considerations in toxicological studies. Understanding these mechanisms will enhance risk assessments and inform the development of triazine-based compounds with specific biological activities.
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