



Toxicity Assessment of Coragen (Chlorantraniliprole) on Earthworms (Eisenia fetida)

Abstract
The present study investigates the acute toxicity of the pesticide Coragen (active ingredient: chlorantraniliprole (18.5%) on the earthworm (Eisenia fetida), a recognized bioindicator species, using two complementary approaches: the OECD Filter Paper Contact Test and DNA gel electrophoresis. Earthworms were exposed to increasing concentrations of the pesticide (0.5, 1.0, and 1.5 µL in 2 mL distilled water), and their behavioral and physiological responses were recorded over a 24-hour period. Observations revealed a clear dose-dependent pattern of toxicity, including coiling, discoloration, secretion of coelomic fluid, and immobilization, with no mortality observed. DNA was subsequently extracted from coelomic fluid and subjected to gel electrophoresis to assess genotoxic effects. The electrophoretic profiles showed progressive DNA degradation with increasing pesticide concentration, ranging from intact high-molecular-weight bands in control samples to extensive smearing at higher doses, indicating significant genomic damage. The results suggest that chlorantraniliprole, even at low concentrations can induce behavioral stress and genotoxicity in E. fetida. This study underscores the relevance of earthworm-based assays for early detection of pesticide-induced soil contamination and recommends incorporating molecular markers in ecotoxicological assessments to evaluate the environmental safety of agrochemicals.
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Introduction
Earthworms are terrestrial invertebrates found in soil environments of temperate, tropical and subtropical regions and thrive best in moist, organic matter-rich soils, making them indicators of soil fertility and structure (Ahmed and Al-Mutairi, 2022). Earthworms constitute about 80% of total biomass and play an essential part in soil formation, aeration, drainage and nutrient mobilization (Akhila and Entoori, 2022). Earthworms are "soil engineers". It act as bioindicator of soil contamination and are used in vermicomposting and vermifiltration, highlighting their role in environmental protection and early warning of soil health issues (Oyege, and Bhaskar, 2023). Earthworm play important role in improving chemical and physical properties of soil. Earthworms improve soil structure, recycle nutrients, increase fertility, and promote plant growth by tunneling. They are essential for sustainable agriculture and a healthy ecosystem because, as bioindicators, they detect pollution and aid in halting degradation (Verma, 2025). Earthworm are adversely affected by agrochemical as they are sensible and susceptible to soil chemicals specially agrochemical as they lack hard cuticles around their body. Studies have shown that earthworm skin is a significant route of contamination uptake. So, it can be used as biomass of soil indicator and also provide threshold for insecticide application. The intrusion of chemical base pesticide in the soil has adverse effect on earthworm at different stages of their lifecycle. It include mortality, changes in behavior, reduction in growth, reproduction and other effect (Bardiya and Dixit, 2024).
E. fetida was selected as the test organism due to widely available, easily reared in laboratory culture, and reproduces rapidly relative to other earthworm species (Siddique, et al., 2005). Earthworm’s performance can reflect soil contamination. The use of earthworms for toxicity testing is highly recommended by the European Communities (Jeyaprakasam et al., 2021). In agriculture, organophosphate (OP) pesticides are widely used. One of Asia's biggest manufacturers of pesticides is India, with 90,000 tons produced year, placing it 12th in the world. Sugar cane, corn, and soybeans are the three most pesticide-intensive crops that are produced extensively in India. OPs are also widely consumed in China and India (Nayak and Solanki, 2021). The Ministry of Agriculture, Government of India, 2013 has reported that pesticides are retained in plant tissues and act as human food pollution (Sruthy et al., 2024).
Pesticides are used to protect plants from pests, weeds, insects, and diseases. It is hazardous to physical components of ecosystem. It is estimated that only 1% of the pesticides used to kill pests while 99% of it gets accumulated in soils (Reddy et al., 2024). Pesticides are the mixture of the chemical substances. It kills or discourages pest and microbes. So, these are used by farmers for increasing crop production. Pesticide contain harmful chemical mixture that cause a huge impact on beneficial microbes, insect and animal and also reduce natural resistance of crops which make the crop more susceptible to the disease and can cause a negative impact on the human health and environment. It can be harmful for the target animal including the non-target species (Quandahor et al., 2024).
Coragen is a broad-spectrum insecticide, with the active ingredient chlorantraniliprole, is a selective insecticide from DuPont, classified as an anthranilic diamide. It operates by activating insect ryanodine receptors, leading to calcium depletion in muscle cells, causing paralysis and death in target pests. Effective against codling moth, Colorado potato beetle, and European grapevine moth, it has low toxicity to mammals, strong larvicidal properties, and minimal impact on beneficial insects (Balasko et al., 2020).  Coragen 20 SC is effective against various pests in crops (Sujayanand et al., 2021). Chlorantraniliprole is persistent in soil, with a half-life of about one year, and poses minimal risk to mammals and birds, but a very high risk to non-target arthropods (Greeshma and George, 2022). Although no more information about this insecticide is present as it isn’t studied as much. 
Methodology-
Filter paper test-(According to OECD Guideline No. 207 (1984))

This test is used to check the toxicity effect of the pesticide on the earthworm. It is used to consider the mortality rate of the earthworm on the direct contact of the chemical pesticide to the earthworm. It is a time limited test. The time period for this test is 24 hours to 48 hours. Earthworms are observed at this time interval to check mortality and its behavior. For this different concentration of the pesticide is used. Mature earthworms with clearly visible clitella are used. Firstly the earthworms are put for purging process for 24 hour to clear its gut waste and removing the residual food substance for the analysis of effect of test substance for this the earthworms are rinsed using water and put on wet filter paper by distilled water in a Petri dish then it is kept on it for 24 hours at room temperature and ensure timely removal of fecal material after time period it is rinsed again. Weighing of earthworm is done then. The weight is 400-500mg each. The different concentration of pesticide (Coragen) is used. We prepare a stock solution of coragen. The concentrations are 0.5, 1.0, 1.5µl that is taken and diluted in 2ml of distilled water which is evenly spread into a Petri dish by using a micropipette in each of which earthworms are transferred for the observation and one controlled Petri dish is also setup. In each Petri dish we add four replicas of earthform. After it is cover by using covers in which the holes are made for the proper ventilation. This setup will check for the behavioral symptoms and mortality rate after a period of 24 hours. If earthworm does not respond to gentle touch, it is considered dead.
DNA Analysis Using Gel Electrophoresis
Material required: Earthworm, Coelomic fluid extraction buffer(5% ethanol), Lysis buffer(e.g.,50mM Tris-Hcl, pH 8, 50mM EDTA; 1% SDS), Chloroform: Isoamyl alcohol (24:1), 100% ethanol, 70% ethanol, TE buffer ( 10mM Tris-Hcl, 1mM EDTA, pH 8), Microcentrifuge tubes, Centrifuge, Pipettes and sterile tips, Vortex mixer,Water bath, 50X TAE buffer, Distilled water, Agarose powder, Heating plate, Ethidium bromide, Bromophenol blue.
Equipment: Microwave or heating plate, Gel casting tray and comb, Power supply, Gel electrophoresis tank, UV transilluminator or blue-light imager, pH meter.
DNA Isolation Process from Earthworm coelomic fluid

Procedure:
1. Collection of Coelomic Fluid- Anesthetize the eartworm by using 5% ethanol or ice, expel coelomic fluid by gentle squeezing, sterile needle prick, or electric stimulation, then collect ~200-500µL in a sterile microcentrifuge.
2. Cell Lysis- Add 500 µL of lysis buffer to the coelomic fluid, mix gently and incubate at 55 °C for 1–2 hours (invert occasionally).

3. Extraction of DNA- Add an equal volume (~500 µL) of Chloroform: Isoamyl alcohol (24:1) then vortex gently for 30 sec and centrifuge at 12,000 × g for 10 min at room temperature and carefully transfer the upper aqueous phase to a new sterile tube and repeat the extraction step with Chloroform:Isoamyl alcohol (24:1). 

4. DNA Precipitation- Add 2 volumes of ice-cold 100% ethanol and 0.1 volume of 3 M sodium acetate (pH 5.2), mix gently by inverting and incubate at –20 °C for overnight and centrifuge at 12,000 × g for 15 min at 4 °C.

5. DNA Washing- Discard the supernatant carefully then wash the DNA pellet with 500 µL of ice-cold 70% ethanol, centrifuge at 12,000 × g for 5 min and discard supernatant and  air-dry the pellet (~5–10 min).

6. DNA Resuspension- Dissolve the DNA pellet in 30–50 µL of TE buffer and store at –20 °C for downstream applications.

7. Lysis Buffer Composition (for 100 ml) (Table 1)
Table 1: Composition of lysis buffer concentration
	Component
	Stock Solution
	Volume to Add
	Final Concentration
	Amount required (g)

	Tris-HCl (pH 8.0)
	1 M
	5 mL
	50 mM
	0.6057 g

	EDTA (pH 8.0)
	0.5 M
	10 mL
	50 mM
	1.8612 g

	NaCl
	5 M
	2 mL
	100 mM
	0.5844 g

	SDS
	10% (w/v)
	10 mL
	1%
	1 g

	Distilled water
	—
	To make up to 100 ml
	—
	


Preparation - Dissolve 0.6057g Tris base, 1.8612 g EDTA, and 0.5844 g NaCl in ~80 mL distilled water then adjust pH to 8.0 (with HCl or NaOH, as needed)  next add 1 g SDS and stir until fully dissolved and make up the final volume to 100 ml with distilled water.
Procedure for Running Gel Electrophoresis:

1. Preparation of 1 X TAE buffer- Add 2ml of 50X TAE buffer powder to 1000ml of distilled water.
2. Formation of Gel cast- Add 2g of agarose powder to 100ml of 1X TAE buffer and mix well and heat it until it become transparent then add Ethidium bromide small in amount when it is still warm and  pour it in casting tray with comb and let it settle.

3. Staining of DNA sample- Mix DNA sample with Bromophenol dye (50µl) in amount.

4. Gel electrophoresis run- Load 5µl DNA sample in well of gel and run it then add DNA ladder in first well and run it on 50 V by power supply then put it in UV transilluminator for observation.

Result and Discussion:
In the control group, with no pesticide exposure, earthworms were healthy and active with uniform reddish color and without any coiling. The filter paper remained clean and undamaged, confirming the absence of internal or external stress (Fig.  1 & 2)
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          Fig. 1. Control petriplate                                 Fig. 2. Group A (0.5µl of coragen)    
In group A, exposed to 0.5 µL of Coragen (chlorantraniliprole 18.5%), the earthworms appeared active but showed signs of behavioral disturbance. It showed mild coiling and occasional slow movement, along with fading of color in some worms. The filter paper remained mostly intact, with minor signs of movement without any visible secretion or tearing, indicating initial sublethal stress. In group B, where concentration was 1.0 µL of Coragen, the behavioral changes were more noticeable, as worms displayed tight coiling, flattening of some part of body and darkening of body color, which may indicate neuromuscular stress or beginning of systemic toxicity. The filter paper showed tearing and moisture, reflecting decreased mobility and increased stress response (Fig. 3 & 4).
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      Fig. 3. Group B (1.0µl of Coragen)               Fig. 4. Group C (1.5µl of Coragen)

In group C, the highest dosage of 1.5 µL is taken, the effects were most severe. In this worms showed distinct coiling and twisted posture, and appeared unresponsive, indicating severe toxic stress. Their body coloration had darkened, indicating internal physiological damage. The filter paper was highly disturbed, with visible tearing and coelomic fluid secretion, clearly indicating acute toxic effects at this concentration. When comparing all four groups, a dose-dependent toxicity pattern emerges. The control group showed normal morphology and behavior, while the 0.5 µL dose group showed mild behavioral alterations. With increasing concentration of doses, the level of physiological disturbance also increased. At 1.0 µL, worms showed moderate signs of neuromuscular dysfunction, while the 1.5 µL concentration demonstrated acute toxicity signs like intense coiling, darkening of body, severe filter paper damage. These results showed that chlorantraniliprole, even at relatively low concentrations, can affect Eisenia fetida through contact exposure, and the severity increase with dose. It does not cause mortality of earthworm. After isolating genomic DNA from Eisenia fetida specimens exposed to various concentrations of Coragen (chlorantraniliprole 18.5%), gel electrophoresis is done,It reveal a clear pattern of dose-dependent DNA degradation. In the control group, the extracted DNA is anticipated to migrate as a single, sharp, and high-molecular-weight band during electrophoresis. This indicates the presence of intact and undamaged genomic DNA. In contrast, slight smearing. The DNA band is not as sharp as the control, which suggests the beginning of minor DNA strand breaks or early-stage oxidative stress-induced damage. With increased exposure to 1.0 µL, a more noticeable smearing pattern is seen on the agarose gel. The DNA appears as a combination of a faint upper band along with diffuse or streaked regions extending downward, indicative of moderate DNA fragmentation. This kind of electrophoretic profile is commonly associated with activation of apoptotic or necrotic pathways and reflects the mid-level toxic impact of the pesticide (Fig. 5 & 6).   
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               Fig. 5: Loading of Samples                          Fig. 6: Gel Elect5ophoresis

In group C exposed with 1.5 µL, the gel shows severe DNA degradation. The characteristic high-molecular-weight bands are absent or extremely faint, replaced by a long smear running down the gel, extending to the lower molecular weight region. This pattern signifies extensive DNA breakage, potentially due to genotoxic effects, chromatin condensation, or cell death. In this case, the DNA is so fragmented that it is not clearly visible, appearing as a faint smear or degraded material, representing advanced stages of DNA damage or apoptosis. This highlights, its genotoxic potential on earthworms. This provides molecular-level evidence to observed behavioral and morphological toxicity. This is consistent to stress responses seen in the early stages in previous research which employed acute contact assays, and found that behavioral and physiological reactions were produced by low pesticide concentrations, although it does not result in death. As the dose increased to 1.0 µL, there were symptoms of neuromuscular disturbance like coiling, slight darkening of body color, and increased tearing of the filterpaper. These findings mirror those of Ma et al. (2012) and others, who reported that mid-range insecticide exposures result in oxidative stress, cuticle damage, and disrupted locomotion in earthworms. Increased filter paper disruption with coelomic fluid exudation, confirms by similar studies that use hydrocarbon and pesticide exposure in E. fetida. 
The highest concentration (1.5 µL) resulted in acute toxicity signs, including intense coiling, paralysis, deep body discoloration, and severe damage to the filter paper with fluid leakage. This aligns perfectly with the observations of OECD guidelines for contact assays, which indicate that higher concentrations result in neuromuscular failure and sometimes death within 24 to 48 hours. Meanwhile, control worms were fully extended, brightly colored, and highly active, with intact filter paper demonstrating the baseline health state. According to OECD 207 guidelines, filter paper tests are acknowledged as efficient rapid screening methods for evaluating acute dermal toxicity in earthworms. It provides early warning signs, which can vary from slight changes in behavior to serious consequences when higher doses are involved. It is noted in previous studies that the symptoms noted in this are very similar to those documented for other agrochemicals such as chloropyrifos, cypermethrin, and neonicotinoids when contact exposure conditions are alike (Cimino et al., 2016).
Overall, the results show that chlorantraniliprole has measurable adverse effects on E. fetida, even at low doses. The results affirm the dependability of the test for screening possible soil-dwelling toxicants and underscore Coragen’s ability to affect non-target soil fauna through contact routes (Beaumelle et al., 2023). 

The outcomes of gel electrophoresis conducted after isolating DNA from Eisenia fetida indicate a distinct, dose-dependent advancement of genotoxic damage caused by exposure to chlorantraniliprole (Coragen). In the control group, the clear presence of a high-molecular-weight DNA band signifies intact genomic DNA. When exposed to the low dose (0.5 µL), the appearance of faint smearing indicates the possibility of early DNA strand. This is similar to the DNA lesions often reported in earthworms treated with pesticides at doses of 0.1–0.5 mg/kg, where oxidative stress mediated by ROS caused tail formation in comet assays (Aktar, 2009). 
The mid-range dose (1.0 µL) smear becomes pronounced, it indicate the moderate DNA fragmentation. This observation aligns with numerous published studies indicating that intermediate pesticide doses (such as imidacloprid or clothianidin) can cause noticeable DNA cleavage and ladder patterns in earthworms (Loon et al., 2022). The highest dose of Coragen (1.5 µL) led to extensive smearing, with high-molecular-weight bands nearly absent. This indicates severe DNA degradation, where electrophoresis reveals continuous DNA tails caused by double-strand breaks and chromatin dismantling. Previous study involving benzyl phthalate (DnBP) and fluopicolide has shown similar trends: when contaminant concentrations are elevated, fragmented DNA produces diffuse stains rather than intact bands (Bucevicius et al., 2018). The progressive alteration in DNA provides molecular proof of chlorantraniliprole’s genotoxic impact on E. fetida. 
Conclusion
This study provides clear evidence that (chlorantraniliprole Coragen 18.5%), a commonly used pesticide, induces dose-dependent toxic effects on the earthworm species Eisenia fetida through direct contact exposure. The filter paper test demonstrated visible physiological and behavioral alterations, including coiling, body discoloration, secretion of coelomic fluid, and reduced mobility, even at sublethal doses. These symptoms intensified with increasing concentrations, although no mortality was observed within the 24-hour exposure period. Complementing these observations, DNA electrophoresis revealed progressive genomic damage in exposed earthworms. The control group exhibited intact DNA, higher concentrations led to increasing degrees of DNA fragmentation and smearing, indicating oxidative stress and genotoxicity. Overall, the findings highlight the ecotoxicological risk posed by chlorantraniliprole to non-target soil organisms like earthworms. The use of E. fetida in both behavioral and molecular assays proves to be an effective strategy for early detection of pesticide-induced soil contamination. 
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