EVALUATION OF ACUTE TOXICITY OF SCOPOLAMINE IN Daphnia magna -AN IN SILICO AND IN VIVO APPROACH 
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ABSTRACTScopolamine is a toxic but pharmacologically significant alkaloid presents in many plants of Solanaceae family. In present study, in silico and in vivo assessment of acute toxicity of scopolamine was done in Daphnia magna. In silico assessment of toxicity was done using the QSAR Modeling software, T.E.S.T. and predicted the acute LC50 in Daphnia magna. The in vivo study used 10 D. magna adults. D. magna was treated with various concentrations (1, 5 10, 50, 100, 200 and 500 µg/ml) of scopolamine for 24 hours. After exposure the number of live mobile and dead daphnids was recorded. The in silico toxicity studies showed LC50 of 4.57µg/mL against D. magna, and the in vivo LC50 was found to be 6.591µg/mL.  The present study concluded that scopolamine possessed significant ecotoxic potential indicated by the in silico and in vivo results.
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1.INTRODUCTION  
The production and consumption of pharmaceuticals rise annually on a global scale along with ever rising world population. The introduction of pharmaceuticals into aquatic environments results from their extensive production and widespread usage, prompting concerns regarding their potential adverse effects on both human and environmental health (Khan & Barros, 2023). Pharmaceuticals are chemical substances containing active ingredients intended for medical applications due to their ability to modulate specific biological pathways within organisms. Given their pharmacological properties, it is imperative to assess the potential toxicological impacts of these substances (Tkaczyk et al., 2021). When pharmaceuticals enter aquatic systems, they can cause significant harm to the existing flora and fauna, as well as indirectly affect terrestrial organisms, including humans (Xie et al., 2017). Consequently, evaluating the toxicity of pharmaceuticals is crucial. Daphnia, commonly known as "water fleas," are widely used in ecotoxicological assessments due to their sensitivity to various pollutants. Daphnia magna, a cosmopolitan freshwater branchiopod, is found in shallow ponds and ditches, typically near the substrate. As a freshwater crustacean, D. magna is employed in acute toxicity testing due to its small size, rapid reproduction rate, short lifespan, and parthenogenic reproduction, making it an ideal model organism for toxicological studies (Kamaya et al., 2005). Daphnia species are routinely used to assess the toxicity of a wide range of pharmaceuticals, including antibiotics, anticancer agents, antidepressants and anti-inflammatory drugs (Xiong et al., 2023).
Scopolamine is a tropane alkaloid derived from plants of the Solanaceae (nightshade) family, notably Hyoscyamus niger and Atropa belladonna. It exhibits potent anticholinergic and antiemetic properties and is structurally analogous to acetylcholine, enabling its interaction with muscarinic receptors (Shim et al., 2022). Clinically, scopolamine is commonly employed as a pre-anesthetic agent and for the prophylaxis of motion sickness-induced nausea and vomiting (Xian et al., 2015). In ecotoxicological studies, acute toxicity and mutagenicity are key endpoints used to assess the environmental impact of pharmaceutical compounds. These endpoints can be effectively investigated and predicted using in silico tools such as QSAR (Quantitative Structure–Activity Relationship) models. The Toxicity Estimation Software Tool (T.E.S.T.), developed by the United States Environmental Protection Agency, utilizes 2D molecular descriptors to estimate various toxicity parameters, providing a valuable approach for preliminary environmental risk assessments (USEPA, 2012).
The present study investigated the acute toxicity of scopolamine in D.magna in vivo and in silico using QSAR and TEST software.

2.MATERIALS AND METHOD 
2.1 Test organism 
The test organism D. magna was obtained from Laboratory culture bred and maintained for many generations at Department of Veterinary Pharmacology and Toxicology, College of Veterinary and Animal Sciences, Thrissur. The culture was maintained in an artificial climate with light and dark photoperiod of 16 and 8 hours respectively in dechlorinated filter water. During the period of cultivation D. magna were daily fed with yeast powder and small pieces of papaya leaves. The pH, hardness, dissolved oxygen, and other water quality parameters complied with the criteria outlined in OECD Guideline 211 (OECD, 2012). Healthy and active adult daphnids were used for the toxicity testing.
2.2 In silico studies
The present study was designed to predict the acute toxicity of scopolamine utilizing an in-silico approach based on Quantitative Structure–Activity Relationship (QSAR) modeling. For this purpose, the Toxicity Estimation Software Tool (T.E.S.T.), developed by the U.S. Environmental Protection Agency (USEPA), was employed. T.E.S.T. is a computational tool that facilitates the prediction of toxicological endpoints by analyzing chemical structure and deriving correlations with known toxicological data through statistical and machine learning methods (USEPA, 2012).
The primary endpoint estimated in this study was the median lethal concentration (LC50), which denotes the concentration of a compound that results in 50 per cent mortality of the test organisms within a defined exposure period. This parameter serves as a critical measure for assessing acute aquatic toxicity and is widely used in ecotoxicological risk assessments. T.E.S.T. provides toxicity predictions using a consensus method, which integrates results from multiple independent QSAR models to increase prediction reliability and accuracy. All predictions were generated using the default settings of the software, and the model applicability domain was checked to ensure reliability of the outputs. Following the in-silico prediction, the LC50 value was validated experimentally using D. magna in a controlled laboratory setting, aligning with OECD Test Guideline 202 for acute immobilization assays. 
2.3 In vivo toxicity studies using D. magna  
An in vivo bioassay was conducted using Daphnia magna, a widely accepted model organism in aquatic ecotoxicology due to its high sensitivity to environmental contaminants, ease of culture, and reproducibility of results. Adult Daphnia magna individuals, derived from healthy stocks maintained in uniform culture conditions were used for the bioassay. The cultures were maintained under standardized conditions in accordance with OECD Test Guideline 202 for Daphnia acute immobilization tests. A scopolamine stock solution was prepared by accurately dissolving 3.27 mg of scopolamine hydrobromide in 3.270 ml of distilled water, achieving a final concentration of 1 mg/ml. From this stock, a series of working concentrations were prepared by serial dilution with distilled water to obtain the following test concentrations: 1, 5, 10, 50, 100, 200, and 500 µg/ml. All solutions were freshly prepared prior to the initiation of the experiment to avoid degradation and ensure chemical stability. The experimental groups consisted of six replicates each containing ten adult D. magna. The organisms were exposed to their respective concentrations of scopolamine for a duration of 24 hours under static (non-renewal) conditions, without feeding during the test period. Gentle aeration was provided to maintain dissolved oxygen levels above 60 per cent saturation. At the end of the 24-hour exposure period, the test organisms were examined under a microscope. The number of mobile (alive) and immobile or dead D. magna individuals in each replicate was recorded. Immobility was defined as the inability of the organism to swim within 15 seconds after gentle agitation of the test vessel. The mortality data were then analyzed statistically using GraphPad Prism version 5.0. A dose-response curve was generated, and the median lethal concentration (LC50) was calculated using nonlinear regression analysis. Confidence intervals (95%) were also computed to determine the precision of the LC50 estimate. This experimental LC50 value was compared to the predicted value obtained from the QSAR-based T.E.S.T. model to assess the reliability and predictive accuracy of the in-silico method.

3.RESULTS
3.1 In silico toxicity in D. magna 
Using T.E.S.T. software LC 50 was found to be 4.57 µg/ml. Six chemicals were used by the software for optimizing the model. The r2 and q2 of the model was found to be 0.971 and 0.951 respectively.  The model fit results are given below (Fig.1).
3.2 In vivo toxicity in D. magna  
A range of concentration from 500 µg/ml to 1 µg/ml of scopolamine was tested on adults of D. magna. The results revealed that with concentration of 1 µg/ml, the mortality was 0% and with 500 µg/ml there was 100 % mortality after 24 hours of exposure (Table 1). The LC 50 value of Scopolamine was found to be 6.951 µg/ml (Fig. 2). The LC50 was calculated using non-linear regression method using log dose versus prevent response using GraphPad Prism5.0.
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Fig. 1 In silico Model Fit Results. The LC50 value was found to be 4.57 µg/ml.
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Fig. 2 LC50 Value of scopolamine. X axis indicates various concentrations of scopolamine and Y axis indicates the percent of mortality of daphnids. The LC50 value was found to be 6.951 µg/ml.
 

Table 1. Percentage mortality of daphnids after 24 h exposure with Scopolamine
	Concentration (µg/mL)
	Mortality %

	1
	0

	5
	10

	10
	70

	50
	80

	100
	90

	200
	90

	500
	100



4. DISCUSSION
Ecotoxicology is a multidisciplinary field that focuses on evaluating the adverse effects of chemical substances on organisms within aquatic and terrestrial ecosystems. With the exponential increase in the production and consumption of pharmaceutical compounds globally, a significant proportion of these substances inevitably enter aquatic environments. This occurs through multiple pathways, including excretion, improper disposal, manufacturing effluents, and agricultural runoff. Once in the aquatic system, these bioactive molecules can exert toxicological effects on non-target organisms, disrupting ecological balance and food web dynamics. (Ortuzar et al., 2022)
Daphnia magna, a freshwater planktonic crustacean, is a well-established model organism in aquatic toxicity testing and is recommended by standardized guidelines such as those from the OECD. The species sensitivity to a wide range of chemical pollutants, ease of culturing, rapid reproduction, and ecological relevance make it ideal for both acute and chronic toxicity assessments. Notably, the median lethal concentration (LC50) derived from D. magna toxicity assays is often found to correlate with LC50 values obtained from rodent models such as rats, demonstrating the translational value of this invertebrate model in environmental and comparative toxicology (Guilhermino et al., 2000).
The current study was conducted to evaluate and correlate the acute toxicity (LC50) of scopolamine using both in silico and in vivo approaches. Scopolamine is a tropane alkaloid derived from Solanaceous plants, widely used for its potent anticholinergic effects. Clinically, it is administered to prevent motion sickness and as a pre-anaesthetic medication. Despite its therapeutic benefits, scopolamine is known to produce acute neurotoxic effects at elevated doses, including psychosis, speech disturbances, paranoia, hallucinations, and agitation (Lin et al., 2011). Due to its pharmacological potency and structural complexity, scopolamine poses a potential ecotoxicological risk if introduced into aquatic environments in significant quantities.
From a chemical standpoint, scopolamine is thermally unstable and is present in the human body at very low concentrations. However, in cases of overdose or environmental contamination, detection and quantification are feasible using advanced analytical techniques such as GC-MS, which enables trace level detection of this compound in biological and environmental matrices (Kozelj & Prosen, 2021). The ecological implications of pharmaceutical contamination are of growing concern, particularly with drugs like scopolamine that may persist in water bodies and bioaccumulate in aquatic organisms. The leaching of such compounds into aquatic ecosystems can subsequently affect terrestrial organisms through trophic transfer, especially in scenarios where humans or animals consume contaminated aquatic species (Kayode-Afolayan et al., 2022). Hence, rigorous assessment of environmental toxicity is warranted for compounds commonly used in mass medication.
In this study, the in silico LC50 of scopolamine was predicted to be 4.57 µg/mL using software tool, T.E.S.T, which employs consensus modelling through various QSAR algorithms. The in vivo LC50 value, determined through a standardized 24-hour exposure assay in D. magna, was calculated to be 6.951 µg/mL. The proximity of these two values indicates a strong correlation between computational predictions and experimental data, reinforcing the reliability and predictive accuracy of the QSAR-based approach. This concordance not only validates the utility of in silico modelling in preliminary ecotoxicity screening but also underscores its potential to reduce the reliance on animal based testing while ensuring environmental safety assessments remain robust and science driven (Jia et al., 2018).
Given the rising presence of pharmaceuticals in the environment due to increased human consumption and inadequate wastewater treatment, the findings of this study advocate for proactive ecotoxicological evaluation of commonly used drugs. It also highlights the urgent need to develop and implement sustainable pharmaceutical waste management practices to mitigate the unintended consequences on aquatic biodiversity and human health.
In conclusion, the study affirms that scopolamine, though therapeutically beneficial, poses notable risks to aquatic organisms such as Daphnia magna. It underscores the importance of incorporating both in silico and in vivo tools in environmental toxicology to foster a comprehensive understanding of chemical hazards. Such integrative approaches are essential to ensure the protection of aquatic ecosystems and to promote informed decision-making in environmental health policies.
5. CONCLUSION
The present study provides significant insight into the ecotoxicological impact of scopolamine, a widely used anticholinergic alkaloid, on aquatic ecosystems. Through acute toxicity testing in Daphnia magna, it was observed that exposure to scopolamine resulted in substantial physiological stress and mortality, with an experimentally determined LC50 value of 6.951 µg/mL following 24 hours of exposure. The LC50 value predicted using the software tool T.E.S.T was found to be 4.57 µg/mL, which correlated well with the experimental findings. This finding confirms that scopolamine possesses considerable ecotoxic potential, even at relatively low concentrations, underscoring the necessity for stricter environmental monitoring and regulation, particularly in the context of pharmaceutical contamination of freshwater systems.
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