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Toxicity Profiling of Dimethoate and Diflubenzuron in Daphnia magna Integrating Heart Rate Alteration and Survival Analysis
ABSTRACT
This study investigates the acute and sublethal effects of two widely applied agricultural pesticides dimethoate, an organophosphate, and diflubenzuron, an insect growth regulator on Daphnia magna, a sentinel organism in aquatic ecotoxicology. Adult Daphnia were exposed to three concentrations (0.001, 0.005, and 0.0075 ppm) of each pesticide under standardized laboratory conditions. Survival was monitored at 0, 24, 48, 72, 96, and 120 hours. No mortality was recorded within the initial 72 hours; however, time-dependent mortality was observed at higher concentrations thereafter. Dimethoate at 0.0075 ppm resulted in a survival rate of 40% at 96 hours and 20% at 120 hours, whereas diflubenzuron exhibited comparatively lower acute toxicity, with 60% survival at 120 hours. Given the delayed mortality patterns, sublethal toxicological endpoints were assessed via cardiac monitoring. Heart rate was quantified at 0, 6, and 24 hours post-exposure using low-light digital microscopy and open-source video analysis software (Tracker). Significant alterations in cardiac activity were demonstrated in response to both pesticides. Dimethoate triggered a rapid increase in heart rate up to 133.41 beats per 10 seconds at 6 hours followed by a decline to 100.98 beats at 24 hours, indicating an acute excitotoxic response followed by physiological depression. In contrast, diflubenzuron induced a more gradual yet sustained elevation in heart rate (from 71.11 to 104.98 beats per 10 seconds at 0.001 ppm), suggesting chronic physiological stress due to growth regulatory disruption. These findings validate the sensitivity of Daphnia magna as a responsive biomonitor for detecting both acute and sublethal pesticide toxicity. Integrating survival data with physiological biomarkers such as heart rate enhances the predictive value of ecotoxicological risk assessments. This study affirms the importance of using sublethal endpoints in environmental monitoring and supports evidence-based pesticide regulation to safeguard freshwater.
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INTRODUCTION
Toxicology is a multidisciplinary science encompassing various specialized branches, including clinical, forensic, industrial, and environmental toxicology, each with unique scientific and regulatory objectives. Among these, environmental toxicology focuses on the fate, transport, bioaccumulation, and biological effects of toxicants in environmental settings, emphasizing their impacts on individual organisms, populations, and entire ecosystems (Hodgson, 2011). A critical subfield within this domain is aquatic toxicology, which investigates the interactions between chemical pollutants and aquatic organisms across freshwater and marine environments. Given the widespread introduction of xenobiotics such as pesticides, industrial effluents, and agricultural runoff into aquatic systems, the need for comprehensive toxicological assessments has become increasingly important for environmental risk evaluation and regulatory decision-making (Pritchard, 1993; Jorgensen, 2010).

Daphnia magna as a Model in Aquatic Toxicology: Zooplankton, particularly Daphnia magna, play a pivotal role in aquatic food webs, bridging primary producers like phytoplankton and higher consumers such as fish. Their ecological relevance and sensitivity to contaminants make them ideal bioindicators in aquatic toxicology (Hanazato, 2001; Tiwari et al., 2022). D. magna is extensively used in ecotoxicological research due to its ease of culture, short life cycle, and suitability for both acute and chronic toxicity testing. International regulatory bodies, including the U.S. EPA, Environment Canada, the European Union, and the OECD, have standardized bioassays involving D. magna to evaluate endpoints such as survival, reproduction, and immobilization (Heckmann et al., 2007). The organism’s transparent exoskeleton facilitates real-time, non-invasive observation of physiological parameters such as heart rate, making it valuable for detecting both lethal and sublethal toxic effects. Its myogenic heart, regulated independently of the central nervous system like in mammals, allows for relevant cardiophysiological investigations. Advanced imaging and video analysis techniques enable precise measurement of cardiac and limb activity in beats per minute. The widespread use of D. magna in regulatory ecotoxicology is further supported by standardized protocols from the OECD and ISO, highlighting its importance as a sentinel species for both ecological and biomedical research (OECD 2004; 2012).
Relevance of Studying Pesticide Toxicity Using Daphnia magna: Agricultural pesticides, including organophosphates like dimethoate and insect growth regulators such as diflubenzuron, are among the most frequently detected classes of contaminants in aquatic environments. Although they are effective in controlling target pests, their runoff into surface waters can adversely affect non-target organisms, particularly aquatic invertebrates. Dimethoate disrupts neural function by inhibiting acetylcholinesterase, while diflubenzuron impairs chitin synthesis, disrupting molting and growth processes in arthropods (Fischer, S. A., & Hall, L. W., 1992). These modes of action make both compounds potentially hazardous to sensitive indicator species like Daphnia magna. Evaluating physiological responses such as heart rate, immobilization, and mortality in D. magna provides critical data on sublethal and lethal effects of pesticide exposure. Such endpoints are valuable for ecological risk assessments and are instrumental in refining environmental quality standards and pesticide usage regulations. Given its ecological significance and physiological tractability, D. magna remains a robust and predictive model for monitoring and assessing pesticide toxicity in freshwater ecosystems. The primary objectives of this study were twofold. First, to determine the acute toxicity of these pesticides by assessing the mortality and survival rates of Daphnia magna under controlled exposure conditions. Second, to evaluate the effects of dimethoate and diflubenzuron on the cardiac physiology of Daphnia magna by measuring changes in heart rate across selected concentrations. These endpoints aim to provide insight into both the sublethal and lethal impacts of commonly used agricultural pesticides on a key aquatic indicator species, thereby contributing to ecological risk assessment and environmental monitoring efforts.
MATERIAL AND METHODS
Culturing of Daphnia magna: The mother culture of Daphnia magna was obtained from a commercial supplier in Hyderabad, India. Subcultures were prepared from the mother stock for experimental use. Natural pond water was used as the culture medium. The water was initially filtered two to three times to remove debris, then sterilized using the autoclave technique at 121 °C for 15–20 minutes to eliminate microorganisms and suspended impurities (United States Environmental Protection Agency 2011). After cooling to room temperature, the water was poured into clean, aerated glass containers. Daphnia magna were transferred into the prepared medium using a sterile dropper and allowed to acclimate for 24 hrs. The cultures were maintained at a temperature of 18–21 °C with 16–18 hours of artificial light per day to promote optimal growth (Organisation for Economic Co-operation and Development, 2004). A small pinch of baker’s yeast (Saccharomyces cerevisiae) dissolved in distilled water was added daily (2–3 drops) to each container to provide nutrition while preventing turbidity. Subcultures were used for all subsequent experimental procedures.

Preparation of Pesticide Solutions: Two pesticides dimethoate and diflubenzuron were selected for testing due to their widespread agricultural use and known aquatic toxicity (World Health Organization 1996; United States Environmental Protection Agency 2002). Stock solutions of each pesticide were prepared at a concentration of 1ppm in distilled water. Working concentrations of 0.001ppm, 0.005 ppm, and 0.0075 ppm were prepared and stored in amber bottles to prevent light-induced degradation (Wollenberger, Halling-Sørensen, and Kusk 2000).

Assessment of Survival Rate: Survival rates were assessed by observing five individuals per concentration at 0, 24, 48, 72, 96, and 120 hours. Five adult Daphnia magna were placed in each cavity block and exposed to the three selected pesticide concentrations such as 0.001ppm, 0.005 ppm, and 0.0075 ppm. A control group was maintained under identical conditions without pesticide exposure. All groups were fed dissolved yeast. Mortality was recorded at each time point for all three concentrations of dimethoate and diflubenzuron. Data were compiled to assess acute and delayed toxicity trends over time. As no mortality was observed during the first 72 hours, the focus was shifted to sub lethal endpoints such as heart rate for assessing physiological stress and cardio toxicity.

Measurement of Heart Rate: After each exposure interval, individual Daphnia magna were transferred into a clean cavity block with 2–3 drops of the test solution. Excess water was gently removed using a sterile cotton wick to ensure a clear view of the thoracic region. A binocular digital microscope (40× magnification) was used to record videos of the beating heart under low-light conditions to minimize stress. Observations were made at 0, 6, and 24 hours following exposure. Videos were analyzed using Tracker, open-source video analysis software. The videos were slowed to enable accurate manual counting of heartbeats. Each organism was returned to its original test condition after measurement (Santoso et al., 2020; Qudrathulla Khan Quadri Mohammed and Ramakrishna Kancha., 2024)
RESULTS AND DISCUSSION
Survival Rate of Daphnia magna Following Exposure to Dimethoate and Diflubenzuron: The survival of Daphnia magna was monitored over 24, 48, 72, 96, and 120 hours following exposure to three sublethal concentrations (0.001 ppm, 0.005 ppm, and 0.0075 ppm) of the pesticides dimethoate and diflubenzuron. Observations were conducted both visually and using a binocular stereo microscope to accurately determine the number of surviving individuals in each replicate. In accordance with OECD guidelines, preliminary range-finding tests were conducted to determine suitable exposure concentrations for acute toxicity assessment. Acute toxicity tests are typically standardized for 24-hour periods using Daphnia magna as a model organism (Nicole Egan, 2023; Qudrathulla Khan Quadri Mohammed 2024). In the present study, no mortality was observed across any treatment group within the first 72 hours of exposure, confirming the robustness of D. magna under the selected experimental conditions for early time points. This absence of early mortality supports the use of this species for evaluating physiological sublethal endpoints such as heart rate, reproduction, and developmental outcomes during 24-hour exposure periods. Beyond 72 hours, survival rates began to decline in a concentration and time dependent manner, particularly at higher concentrations of both pesticides. Dimethoate exposure resulted in a gradual reduction in survival, with the highest concentration (0.0075 ppm) showing a reduction to 3.2 survivors by 120 hours. In contrast, diflubenzuron exhibited a more pronounced delayed toxicity effect, with the highest concentration resulting in a survival rate of only 1.2 individuals by 120 hours. These findings highlight the differential toxicity profiles of dimethoate and diflubenzuron, with dimethoate showing a milder delayed toxicity and diflubenzuron demonstrating more acute impacts beyond 72 hours. The control group maintained 100% survival throughout the 120-hour period, affirming the stability of environmental and handling conditions (Mishra, M., 2024; Figure 1& 2).

The heart rate of Daphnia magna was recorded over a 10-second interval after exposure to various concentrations of dimethoate and diflubenzuron. Each value reported is the average heart rate of three Daphnia individuals. Factors such as temperature, pH, oxygen levels, and the age and size of the organisms can also influence heart rate and were considered during the study (Organisation for Economic Co-operation and Development 2004). Exposure to dimethoate and diflubenzuron caused significant changes in the heart rate of Daphnia magna. These changes indicate physiological stress, which may be attributed to the mode of action of each pesticide. Several factors can influence the heart rate of Daphnia, including temperature, pH, salinity, oxygen concentration, age, and size. Heart rate is commonly used as a sensitive biomarker to detect sub lethal stress in aquatic organisms. Previous studies support these findings. For example, acrylamide has been shown to cause cardiotoxicity in Daphnia, affecting genes related to hypertrophic and dilated cardiomyopathy and reducing thoracic limb activity. Caffeine increases the heart rate of Daphnia, while nicotine decreases it. Similar mechanisms may be at play in humans, where vagus nerve activation reduces heart rate by modulating immune responses (Rosas-Ballina et al 2011). In another study, silver nitrate (AgNO₃), titanium dioxide nanoparticles (TiO₂ NPs), and silver nanoparticles (AgNPs) were found to reduce the heart rate of Daphnia magna at higher concentrations, showing a dose-dependent toxic response. Additionally, lactose was reported to significantly lower heart rate within 30 to 60 minutes (Campbell et al 2004). 

The results clearly demonstrate that exposure to dimethoate and diflubenzuron significantly alters the heart rate of Daphnia magna, with the effects depending on both concentration and exposure duration. Dimethoate at 0.0075 ppm caused a marked increase in heart rate to an average of 133.41 beats per 10 seconds after 6 hours, compared to the control value of 79.64 beats. However, by 24 hours, this rate dropped to 100.98 beats, suggesting initial overstimulation followed by potential physiological fatigue or toxicity. In contrast, diflubenzuron showed a more gradual but consistent effect, with heart rate rising from 71.11 to 104.98 beats per 10 seconds at 0.001 ppm between 6 and 24 hours, indicating a slower yet sustained physiological response. These patterns suggest distinct modes of toxic action: dimethoate, with its neurotoxic properties, induces rapid and sometimes erratic cardiac responses, whereas diflubenzuron causes prolonged stress, possibly affecting growth pathways. The effects of dimethoate on the measured parameter were evaluated at three concentrations over 6 and 24 hours, revealing a dose- and time-dependent response. At the lowest concentration (0.001 PPM), there was a 25.7% decrease at 6 hours and a more pronounced 68.3% decrease at 24 hours, indicating a suppressive effect that intensifies over time. At 0.005 PPM, the parameter showed a 5.7% increase at 6 hours and a larger 42.3% increase at 24 hours, suggesting a stimulatory effect or possible compensatory mechanism during prolonged exposure. At the highest concentration (0.0075 PPM), a significant 67.5% increase was observed at 6 hours, followed by a 26.8% increase at 24 hours, demonstrating a strong stimulatory effect that peaks early and slightly diminishes over time (Table 1). Percent Change in Heart rate Values of Diflubenzuron Compared to Control: All values increased compared to the control, so the percent changes are negative (indicating no reduction, but rather an increase). The largest increase at 6 hours is at 0.0075 PPM (↑24.6%), and at 24 hours, 0.001 PPM shows the highest increase (↑31.8%) (Table 2). A positive percentage means a reduction compared to control. A negative percentage means an increase compared to control (↑), i.e., the parameter value increased rather than decreased. These findings highlight the value of Daphnia magna as a sensitive bioindicator for aquatic pesticide exposure. Monitoring heart rate offers a useful early-warning tool for assessing sub lethal toxicity and can inform environmental risk assessment and pesticide regulation. Understanding these physiological effects is essential for developing safer pesticide practices and protecting aquatic ecosystems. Further research should focus on the chronic and long-term impacts of such contaminants on Daphnia magna and other non-target aquatic organisms.
CONCLUSION
These results suggest that dimethoate acts more acutely, causing immediate but unstable responses in cardiac activity. On the other hand, diflubenzuron appears to exert a persistent effect, potentially interfering with molting-related pathways, which can cause chronic stress. Additionally, the fact that heart rate was significantly affected even at low concentrations (0.001 ppm) highlights the sensitivity of Daphnia magna to pesticide exposure and reinforces its value as a bioindicator for detecting sub lethal toxicity in freshwater ecosystems. The dose-dependent trends observed align with previous findings on chemical-induced cardiotoxicity in Daphnia and support the use of heart rate as a reliable endpoint in ecotoxicological risk assessments.

Figure 1: Survival rate of Daphnia magna exposed to various concentrations of dimethoate over 120 hours. Values represent the mean number of survivors per group (n = 5 replicates).


Figure 2: Survival rate of Daphnia magna exposed to various concentrations of diflubenzuron over 120 hours. Values represent the mean number of survivors per group (n = 5 replicates).
Table 1: Time and Concentration Dependent Cardiotoxic Effects of Dimethoate on Daphnia magna. (Values represent mean heartbeats over a 30-second interval.)
	Pesticide
	Concentrations
	Time of Exposure (in hours)

	
	
	6 hours
	24 hours

	Dimethoate
	0.001 PPM
	59.165 (25.7%↓)
	25.281(68.3%↓)

	
	0.005 PPM
	84.146 (-5.7%↑)
	113.324 (-42.3%↑)

	
	0.0075 PPM
	133.407 (-67.5%↑)
	100.977 (-26.8%↑)

	
	Control
	79.643
	79.643


Table 2: Time and Concentration Dependent Cardiotoxic Effects of Diflubenzuron on Daphnia magna (Values represent mean heartbeats over a 30-second interval.)
	Pesticide
	Concentrations
	Time of Exposure (in hours)

	
	
	6 hours
	24 hours

	Diflubenzuron
	0.001 PPM
	71.110 (-7.5%↑)
	104.978 (-31.8%↑)

	
	0.005 PPM
	87.259 (-9.6%↑)
	84.235 (-5.8%↑)

	
	0.0075 PPM
	99.267 (-24.6%↑)
	99.885 (-25.4%↑)

	
	Control
	79.643
	79.643
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Author(s) hereby declares that generative AI technology ChatGPT has been used during the writing and editing of manuscripts. 

Details of the AI usage are given below:

1. Name and Source of AI Technology Used: ChatGPT, powered by OpenAI

2. Version and Model: GPT-4o (OpenAI, July 2025 release)

3. Purpose and Prompts Used:
The AI was used for language editing, grammar correction, and clarity improvement of scientific text.
Example prompts included:

1. Rewrite this paragraph into an academic style.
2. Improve grammar and clarity of the following sentence.
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