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    Environmental pollution (air, water and soil) and human health are inextricably linked. The developing countries are engaged in a wide range of activities that are causing enormous damage to the environment, ecosystems that sustain both our species and Earth’s legacy of biodiversity, and human health. If our society takes constructive actions now, or at least soon, it will not be too late to prevent or repair many of these important environmental problems, which threaten the welfare of people and most other species. A more respectful attitude toward the natural world is also urgently needed, for the world is one family, “Vasudhaiva Kutumbakam”.




    This innovative book will attract scientists interested in environmental pollution and human health with a view to offer remediation techniques. The book chapters have been authored by experts from their fields, both scientists and academicians, and would benefit the readers.
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    With the drastic disturbance in environmental harmony and balance, there has been a rise in global deaths and diseases, calling for the exploration of novel remediation strategies for innovative drug action mechanisms and target identification. The fine balance between human and ecological health is getting disturbed, leading to serious implications, including the occurrence of new pathogens and diseases, the novel coronavirus SARS-CoV-2, being the most recent instance having gripped the entire globe.




    Environmental diseases are non-communicable and are caused by chronic exposure to toxic pollutants. Other contributory causes of environmental diseases include radiation, pathogens, allergens and psychological stress. Their increasing occurrence is due to industrialization, changes in farming protocols and the increase in exposure to chemicals released into the environment. Lifestyle changes, including the increased use of tobacco and processed foods, also greatly contribute to the environmental/lifestyle diseases burden.




    Though separately medicinal chemistry and environmental chemistry have been widely explored, yet their close association and interdependence have been overlooked. By exploring the association between these two focal areas, the present book aims to provide solutions and curative strategies for the well-being of humans and the environment as a whole.




    The ten chapters included in this book are focused on diverse topics trying to blend the fields of environmental chemistry and medicinal chemistry and have been authored by experts, scientists and academicians from renowned institutions. A wide range of topics has been explored in the book to make it relevant to environmental chemists and students. The chapters have been designed so as to introduce environmental contaminants and techniques for their quantification and removal. Also, a medicinal perspective for remediation of environmental hazards, from therapeutic strategies available to the design of new and safer drugs, is introduced through experimental and simulation approaches.




    Specialized chapters have been dedicated to persistent organic pollutants, heavy metals, and plastics, which have become a major source of pollution, along with their remediation. The effect of environmental xenoesterogens on human health has been discussed in one chapter, while in another, the potential of natural curing agents to combat ecotoxicity has been explored. To further elaborate the importance of safe chemical practice, the concept of green chemistry has also been introduced.




    As we are aware that drug discovery for a particular disease is a time taking endeavour, therefore a few chapters have also been dedicated to in-silico predictions like molecular docking and virtual models for biological properties, the software used and their utility in making futuristic and accurate predictions to make drug discovery efficient, quicker and cost-effective. Chapters summarizing the challenges of medicinal chemistry as well as the advances of biomolecular simulations for drug designing with respect to ecotoxicity are also included.




    The book will prove beneficial for academicians, students of environmental chemistry, pharmacy, researchers, scientists, computational chemists, pharmacologists, environ-mentalists, policymakers and postgraduate students. It would also provide researchers and medicinal chemists the information regarding the latest research done and the modern techniques used to develop more effective and safer drugs that would not be harmful to the environment. In this way, the proposed book would be highly beneficial to the audience it hopes to cater to.
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      Abstract




      Environmental chemistry is an interdisciplinary science with multiple importance in the dynamic lifestyle and consumption pattern. Globally, the environmental regulatory agencies and research institutions feel the extreme need for environmental chemistry for the identification of the nature, source, monitoring, and remediation of pollutants. The pollutants may range from heavy metals, organometallics, polycyclic aromatic hydrocarbons, and nutrients, to the runoff of various other contaminants, their transportation, and interaction with living organisms. Their rapid and accurate separation, identification, quantification using sophisticated techniques, characterization, and understanding of the interactions and mechanisms are the key components of analytical chemistry, for better biochemical or physiological understanding. Contaminants generally have short or long-term toxic implications on the surrounding environment due to direct impact or through bioactivity. Management of environmental pollutants, with minimal impact on biodiversity and human population, is the desired objective of most of the Research & Development programs of International societal relevance. The coordination and effective implementation through sustainable, green, computational technologies may provide the best strategic solutions to the innovators, academicians, and stakeholders, amidst constraints on resources.
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      INTRODUCTION




      We need to attempt visualising the pathways and draw a roadmap for a sustainable future. We all know that newer materials/ alloys will lead to improved products, and novel processes may improve manufacturing efficiency and reduce




      energy usage, waste generation, and resultant pollution. The success of civilisation may thus depend on the ability to create such newer materials and novel applications [1-4]. It is projected that in emerging economies the production and sales of chemicals will continue to grow rapidly irrespective of the pandemic-related challenges. It will be going through a period of mergers, acquisitions, and several types of restructuring. Chemicals have a major role to play in global resource flow and value chain. China (approx. 37% of global sales) and the European Union (16% of global sales) remain the highest users of chemical products, followed by the United States and BRICS countries (Brazil, Russia, India, China, and South Africa). R&D experts feel that the pharmaceutical industry is highly innovative and competitive, with dependency on research funds, and is subject to strong government regulations. Moreover, the pharmaceutical industry has been shifting towards developing primary care and small-molecule medicines, transitioning to specialty medications for ageing populations.




      In the post-Covid-19/ SARS-CoV-2 situations, it is expected that the thickly populated urban areas will always be susceptible to diseases, which may spread via airborne pathogens, surfaces, and human-to-human contact. They will be faced with immediate and long-term challenges [8-15]. The basic information collected and compiled regarding the dynamic properties of macromolecules may propel a shift to structural bioinformatics, from understanding single structures to analysing conformational ensembles. The molecular dynamic simulations have now evolved into a mature technique, which helps to understand the structure-activity relationship of macromolecules. Moreover, it helps in providing better insights into biological actions like enzyme mechanisms, regulation, transport across membranes, and building of large structures, such as ribosomes, viral capsids, transcriptions, etc.


    




    

      Industrialization and Chemical Research Works




      Industrialization and globalisation are undergoing a paradigm shift and with an abundance of raw materials and comparatively economically priced manpower, our country is privileged to take the benefit of cost-effective manufacturing. Thomas Kuhn motivated for a change in interdisciplinary approaches originating from natural sciences and applied chemistry, with the utilization of computational techniques. Chemical research must aim to support new radical approaches and ground-breaking projects, through investigators who are exceptional leaders in terms of the originality and significance of R & D contributions.




      Agency for Toxic Substances and Disease Registry (ATSDR) is an organisation for the dissemination of best solutions based on R & D findings, for trustworthy information with direct relation to health, to prevent harmful exposures and preventing diseases associated with toxic substances [1]. It also offers an emergency response program for societal benefits, at a global level. Human exposures may be associated with chemicals or mixtures which are toxic and may originate from environmental and occupational sources. The exposures may be from other vital sources and drugs or indoor air pollutants and affect susceptible populations, communities, or indirectly associated tribal inhabitants.


    




    

      Paradigm Changes and Innovations




      In connection with the paradigm changes towards sustainability, the intensification of global agriculture practices must be interconnected with objectives that are directed to meet customer demands for resilience and biosphere protection. We need to take steps for eradicating hunger and at the same time securing food for an increasing global population of nine to ten billion, by 2050. This may require steady growth in food production amidst potential global environmental risks. The regulation of the usage of agrochemicals and synthetic fertilizers requires appropriate coordination and cooperation with agriculturists, institutions involved in R&D, civil society, and governments. All of this will become more critical in a global scenario of resource constraints, health hazards, and the dynamic requirements of a growing population. Modern technology, and its competent use for mitigating future pandemics or environmental crises, is the most effective tool we have in our arsenal to protect communities.




      We must take a lesson from the reduction in industrial activities and emissions during the recent lockdown; the government’s restrictions on movement from one area to another has led to a significant reduction in global pollution levels, and rejuvenation of nature. This was evident from various publications of reputed journals of science and technology. It has affected societies and economies around the globe and is expected to reshape the activities of professional life. The crisis fallout is both amplifying familiar risks and creating new avenues for managing systemic challenges to build an improved climate for coming generations in a universal scenario. Efforts are needed for a reduction in the release of irritating toxic gases affecting the pulmonary system. It is vital to address niche areas holistically viz. drug development, trade, governance, health, education, and labour, to mention the few where the balance of risk and opportunities exists after strength, weaknesses, opportunities, and threats (SWOT) analysis. We may utilise artificial intelligence and machine learning to provide momentum to a series of economically feasible activities in the field of environmental chemistry, with intelligent analysis applications. Preparedness, thus, becomes the strongest weapon in the anticipated disasters or natural calamities. Revolutionary analytical chemistry and computational biology, with better insight, will have a great future. The passive sampling devices, in situ methods, and specially designed assay techniques may serve as an improved tool for environmental chemistry.




      Chemists and scientists need to produce critically needed medical supplies using 3D printing to cope with the increasing pressure for personal protective equipment(s), viz. N95 masks, face shields, hands-free door openers, other healthcare products, food supplies, antiviral Active Pharmaceutical Ingredient (APIs) synthesis etc. Significant challenges exist for testing appliances/accessories, vaccines, scalability of production, and novel packaging solutions. Another aspect that is concerning environmental experts is the persistence of coronavirus in the environment. It is anticipated that growth in chemical-intensive industries may create potential risks, depending on technology selection and usage of chemicals. The futuristic era may also create opportunities for innovation towards improved production processes and safer nanomaterial or biobased packaging products for drugs and other materials in maximum demand.




      The knowledge of environmental chemistry helps to predict the behaviour of matter and its efficacy, in addition to monitoring or synthesizing diverse types of materials. Several activities have been directed toward supporting industrial processes and creating new products and materials, viz. formulations of new pharmaceutical products, creation of polymers, designing of fertilizers, neem-based pesticides to increase food production, transforming bitumen into automobile fuel, etc. We need to understand the implications of the transformation of materials, and other chemistry practices, for the sustainability of existing ecosystems. Most of the chemicals released into the environment during the manufacture and use of many products enter into our bodies through the air, water, food, and skin; nowadays there are > 80,000 chemicals with known or suspected adverse health effects [2, 4, 7].




      Green chemistry is based on a set of principles aimed at the reduction or elimination of hazardous substances from the design, manufacture, and application of chemical products. It moves products and processes toward an innovative economy based on renewable feedstocks and toxicity is intentionally prevented at the molecular level.


    




    

      Agricultural Chemistry and Greener Habitations: Interlinks




      Broadly speaking, sustainable agriculture seeks to achieve three goals: farm profitability, community, and environmental stewardship. We need to manage the agricultural farms and watersheds using appropriate strategies and practices to maintain biophysical stability, critical feedstock, and carbon sinks in soils and biomass. The information digital technologies, artificial intelligence, and big data applications are making unprecedented strides in our daily lives and integrating with societal changes of products and services with disproportionate connectivity dependent phenomenon. The smart green cities of the future may be surrounded and intertwined with ecological infrastructure systems, which may be constantly monitored through sensors, robotic systems, and multifaceted drones or digital technologies. Artificial intelligence may refer to computer systems that may sense climate changes, weather conditions, and specific environments, and act with dynamic responses.




      Bio-derived adsorbents may serve as a realistic technology for the benign recovery of diffuse elements from liquid effluents and hydrometallurgy processes (Table 1). It is being explored as a strategy beyond the remediation of heavy metals and pollutants, by utilising biosorption within a circular economy, for the cycling of precious and critical metals in higher-value applications.




      

        Table 1 Salient Bio-derived Adsorbents.




        

          

            

              	S.No.



              	Bio-derived Adsorbents



              	Relevant Details



              	Remarks

            


          



          

            

              	1.



              	Hydrogel



              	A Potassium polyacrylate-based super absorbent polymer



              	Used for reducing soil erosion and irrigation frequency, limiting nutrient loss, increasing the yield of crops. The hydrogel polymer may swell upon contact with water molecules, absorbing up to 400-800 times its weight and then acting as a controlled water release system by releasing water only upon the plant’s requirement.

            




            

              	2.



              	Activated Charcoal



              	Granular activated charcoal is produced from coconut shell charcoal by the process of steam activation.



              	Coconut shell-based granule activated carbon, silver-impregnated charcoal for water treatment filtration media under gravel aquarium filter-chemical filtration for saltwater and freshwater.

            




            

              	3.



              	Absorbent Polymer



              	Water retaining super absorbent polymer for soil mixing and hydroponics gardening manure



              	Serves as a super absorbent, polymeric product for soil and hydroponics.

            




            

              	4.



              	Cellulose-based adsorbents



              	Cellulose-based adsorbents from sunflower, grass waste, jackfruit, cucumber, orange, and sweet lime


              (Mosammi) peels, spent tea leaves, etc.



              	-

            




            

              	5.



              	Cellulose fibrils



              	The green preparation of cellulose fibrils from palm leaf-stalk fibres for hydrogel applications



              	The green preparation of cellulose fibrils from palm leaf-stalk fibres for hydrogel applications

            




            

              	6.



              	Hydrophilic polymers- a combination of psyllium seed mucilage and Stockosorb® i.e STS for Sweet basil



              	Application of super absorbent polymer and plant mucilage improved essential oil quantity and quality of Ocimum basilicum.



              	Ocimum basilicum (sweet basil) is a valuable medicinal plant that is sensitive to water deficit, and water shortage negatively affects sweet basil yield and quality. Water availability in the root zone of basil could ameliorate the negative effects of water shortage. Investigators explored the effects on water use efficiency when using Stockosorb® (STS) and psyllium seed mucilage (PSM) as hydrophilic polymers (HPs) and the effects of these HPs on essential oil quality, quantity, and yield.

            


          

        




      


    




    

      Futuristic Approaches




      The future of plastics and polymers significantly depends on the synergy with nano-technology and revolution in composites, for their sustainability, multi-functionality, and applications. However, the main challenges faced by plastics industrial units are the non-degradability of waste and pollution in oceans and beaches and the impact on flora and fauna. In recycling units, there are issues of lack of infrastructure, stringent legal bindings, and shortage of trained manpower with competency as per requirements. The environmental load of the polymer-wastes is a grave global challenge. With these challenges to tackle in the coming twenty years or so, the implementation strategy, specifically for the polymers and composites industry, may include technology development, value chain improvements, retention of talented workforce, availability of appropriate funds, and policy support.




      In spite of several efforts, we still need to study the gaps and conduct holistic detailed research for understanding the nature and significance of environmental exposures of several environmental pollutants. The pollutants of concern include new chemical entities, agrochemicals, antibiotics, pharmaceuticals, nutraceuticals, surfactants, flame-retardants, polycyclic hydrocarbons, etc.


    




    

      Biomaterials




      Biomaterials need to be safe and biocompatible, with increased performance efficiency. With the advancement of time, the interface between multi-disciplinary technologies may change and the ambit may surpass the domain of devices, embracing regenerative medicines, cell therapeutics, tissue engineering, gene delivery, personal healthcare products, etc. With a changing scenario of population, prosperity, prospecting, and environmental protection, it is anticipated that the discovery, processing, and usage of newer materials and finished innovative products may change in the upcoming decades, based on consumer expectations and demands. The carbon dioxide levels may reach twice the pre-industrial level by 2050. With higher concentration, it may lead to greater global warming and rising sea levels due to the melting of glaciers and the release of methane in the Tundra. We need to conserve water to avoid drought in the coming future. The explosion of the human population and the concomitant need and greed has made us exploit nature which has led to an imbalance in the relationship between humans and the environment. We need to change our behaviour and lifestyle for the benefit of the next generation.


    




    

      Environmental Consciousness and Carbon Footprint Reduction




      Our best ecological footprint will be to reduce pollution and make the best endeavour for land and water utilisation in an efficient manner, composting the green waste materials, recycling, and converting the waste to energy. We must be environmentally conscious and focus on sustainability approaches. The renewable energy resources, viz. wind turbines, solar panels, and biogas, should be used to the optimum levels. We must guard the integrity of nature for continued growth, adopt humane behavioural approaches with clean energy sources, and sufficiently reduce fossil fuel consumption. We need a universe wherein nature and inhabitants thrive to conserve the environment and also fulfill and enrich the lives of others. We have the responsibility to preserve and respect the delicate balance of nature with nurturing of the planet for the future, to assure prosperity for all. Our responsibility is also to communicate with stakeholders and address environmental challenges.


    




    

      New Chemical Entities and Structure-Activity Relationships




      The quantitative structure-activity relationship studies are being used in environmental sciences for complementing the experimental data obtained from in silico, in in vitro, or in vivo studies, associated with environmental results and extrapolation. This accelerates the interpretation and utilisation of data for societal usages. It provides better knowledge of the effect of contaminants and determines the fate of toxicants. We may attempt to integrate the state of art databases and predictive models for the development of tools to assess the risks, implications, and safety assurance of new chemical entities (NCEs) or moieties. The sustainable development goals (SDGs) are well-defined and accepted goals and targets, designed for guiding the envisaged policies and practices of several contributing countries. The International Union for Pure and Applied Chemistry (IUPAC) has identified the importance of safety activities for personnel training and capacity building with a radical change in attitudes to encourage or help the partners by improving both safety and security. Accidents or chemical disasters may be prevented with fundamental knowledge of first aid and better handling practices [4-15].




      It is a challenge to the fast-expanding population. The anaerobic microbially mediated technologies may also serve as an economical alternative to physical and chemical processes for both sanitation and resource recovery purposes. The computer-assisted methods help in estimating the properties of substances, evaluating the fate determination processes, and contribute to predictive toxicology, using computational methods and bioinformatics. Quantum mechanics are also finding great relevance in understanding the chemical structure and fate of molecules. Most of the tools and updated methods are acceptable by international organizations of repute, such as ATSDR, EPA, ISO, OECD, and WHO, for cross-referral studies (Table 2).




      

        Table 2 Important Guidelines for Quality Implementation in Manufacturing and Testing.




        

          

            

              	S. No.



              	Guidelines/ Specifications and Website



              	Relevant Details

            


          



          

            

              	1



              	Agency for Toxic Substances and Drug Registry


              https://www.atsdr.cdc.gov/




              	ATSDR

            




            

              	2



              	Good Manufacturing Practices https://en.wikipedia.org/wiki/Good_manufacturing_practice




              	GMP

            




            

              	3



              	Good Laboratory Practices


              https://dst.gov.in/ngcma




              	GLP

            




            

              	4



              	Current Good Manufacturing Practices (CGMPs) for Food and Dietary Supplements https://www.fda.gov/food/guidance-regulation-food-and-dietary- supplements/current-good-manufacturing-practices-cgmps-food-and-dietary-supplements




              	CGMP

            




            

              	5



              	ISO/IEC-General requirements for the competence of testing and calibration laboratories


              https://www.iso.org/home.html




              	ISO 17025:2017

            




            

              	6



              	The Organisation for Economic Co-operation and Development Guidelines


              https://www.oecd.org/chemicalsafety/testing/good-laboratory-practiceglp.htm




              	OECD

            




            

              	7



              	World Health Organisation


              https:www.who.int




              	WHO

            


          

        




      


    




    

      Interface Between Medicinal and Environmental Chemistry




      The health consequences may be based on interactions among biological systems and the environmental disturbance, amidst increasing human populations. There are close interrelationships between medicinal chemistry and environmental chemistry in the area of climate change and unexpected diseases due to unknown viruses and unregulated biological phenomena. These disciplines are the intersection of biochemistry and have transboundary implications, including a circular economy and social strings. Several important molecules are designed to serve as bioactive molecules. Drug development is a tedious process involving characterization, standardization, validation, clinical trials, toxicity evaluations, bioefficacy, compatibility, regulatory approvals, etc. with high attrition rates, sufficient expenditure, and long timeframes. Varied stoichiometric ratios of reagents may result in different varieties of products with concentration variances based on structure-activity relationships. The complete process of drug development or manufacturing may be subdivided into a series of operational processes, viz. milling, granulation, coating, tablet preparations, packaging, labelling, transportation, and marketing. Scientists are using the knowledge of bioactivities, computational chemistry, chemical biology, enzymology, shelf life, etc. of natural products for the development of new therapeutic agents. The quality aspects of pharmacy-based formulations and medicines are aimed to assure the fitness of medicinal products in concurrence with Pharmacopoeias and European Union or United States Food and Drug Administration guidelines. Regulatory agencies like Environmental Protection Agency (EPA), through the Toxic Substances Control Act (TSCA), helps to produce safe chemicals, safeguard health, and regulate harmful substance usage. Recently on June 5th, 2020, EPA has proposed the use of Inpyrfluxam, which is a pyrazole carboxamide fungicide, for foliar and seed treatment in the agriculture sector [4-20].




      Intelligent packaging is an integral part of norms and includes the associated factors, viz. assurance of the efficacy of the drug, patient safety, intended shelf-life, uniformity in drug even in varied production lots, quality control checks implementation, and documentation of materials and processes involved, as per Good Manufacturing Procedures requirements of OECD. Packaging and safe labelling focus on dispensing, dosing, sterility, display of technical information, precautions, etc. as per regulations. Several medicinal products may be sensitive and affected by environmental conditions. Thus, it is vital to store and transport them as per the directions of the manufacturers. They need to be distributed with the utmost care and if directed, the cold chain process is strictly implemented to maintain quality.




      The product safety management or implementation of the quality management system, as per IS/ISO/IEC 17025:2017, Organisation for Economic Cooperation and Development (OECD), Good Laboratory Practices, and World Health Organisation (WHO), protocols and guidelines are vital for validation, compliances and safety assurance [1-10, 13, 18-20].




      We need novel therapeutic agents, sensors, and technologies for the treatment of upcoming diseases and complications. Moreover, a better understanding of factors and pathways for the prevention of complications in environmental health and safety risks is important. The aspect of antibiotics resistance and the overburden of toxicants is being studied by researchers at a global level. The issue of the presence of medicinal complexes, pharmaceutical active ingredients or agents in water bodies or ecosystem is complex. The investigations of preclinical studies may generate sufficient data related to pharmacokinetics and toxicity. The innovative researchers are attempting to target specificity and pathways to understand how an innovative drug may have efficacy in the treatment of diseases. The drug developers generally focus on therapeutics with a well-understood mechanism of action, minimal or low toxicity, and risk assessment, based on dose-response relationships. The bioavailability concentrations are complex in dynamic processes, depending on the chemical structure, persistence and physical/chemical properties of active ingredients in the environment.




      Nowadays, the target-fishing approaches of a small molecule are important in medicinal chemistry for identifying the most probable targets, as well as virtual screening tools. For example, Chronic Obstructive Pulmonary Disease (COPD) is characterized by progressive obstruction of airflow and is due to harmful particles or gases in the lung parenchyma. There are currently no specific treatments for this and smoking cessation remains the most effective therapeutic intervention. The characteristics properties of nanocarriers, viz. liposomes, polymeric nanoparticles, micelles, and bioconjugates, have been explored to enhance drug solubility, dissolution, and bioavailability. The most important advantage offered by nanotechnology is the ability to specifically target organs, tissues, and individual cells, which minimizes the associated side-effects and improves the therapeutic index of drug molecules.
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Fig. (1))


      Interrelationship of Sustainability to Environmental Aspects with Growth and Social Aspects.

    




    

      INFERENCES




      For innovation in environmental sciences, we need capacity building for the generation of a trained workforce and effective processes with a healthy work culture that leverages workforce diversity and adopts new strategies. Drug development is vibrant and has transformed globally and we need to address the challenges of cross-disciplinary issues and quality enforcement. We need concerted efforts by industrialists, academia, governments, and Non-Government Organisations (NGOs) to connect administrative, cultural, and technical experts and devise innovative solutions, including big data and machine learning. We may contribute to driving solutions in the environmental arena, technological developments, drug discovery, and translational toxicological research to ensure a sustainable future. The technologies may significantly increase the pace of research processes that may be implemented for the benefit of society (Fig. 1).


    




    

      CONCLUDING REMARKS




      Several environmental improvements may be attained through non-toxic and environment-friendly chemicals. The chemical characterisation, homogeneity, stability profiling, and knowledge of master safety data sheets for individual chemicals, have profound relevance in manufacturing units or laboratories. Endocrine-disrupting chemicals are the best examples to understand the possible interventions in different matrices or use in fast-moving consumer products.




      The computational models are being used to predict the possible pathways of degrading products. We need to shift our perspective towards green chemistry. It is elaborated through academic groups that instead of enacting another law that bans or regulates a chemical or a molecule which has toxicity or environmentally destructive effect, we need to enact for a product that does not have that effect.




      The complexity of chemicals, environmental situations, and variability in biodiversity make direct measurements difficult for researchers. The prediction and risk assessment of the chemical properties of a chemical is important to safeguard the environment, flora, and fauna, etc.
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      Abstract




      Medicinal chemistry is a modern branch of the pioneer subject chemistry. Medicinal chemistry is primarily associated with drug discovery and design in search of New Drug Entities (NDEs). There are different sources, such as natural and synthetic products, animals, marine invertebrates, microorganisms, and recombinant DNA approaches which have been recognized as potential reservoirs for bioactive compounds or drugs. Medicinal chemistry has made several technological innovations, such as computational chemical biology, trial-and-error approach, and bioinformatics, which have greatly improved and accelerated the efficient and competent drug development process. Although with hi-tech innovations in medicinal chemistry, there are several diseases for which treatment is still not available, including the very recent dreadful occurrence of novel coronavirus (COVID-19), which originated from Wuhan city of China. At present, there is no vaccine or drug to cure it. Moreover, the drug development process starting from the identification of a new chemical entity (NCE) to the regulatory approval of NDE is relatively complex, costly, and time-consuming. It can take 10−15 years or even longer to develop and design an NDE. The present chapter intends to discuss and emphasize the different drug sources and drug development processes in medicinal chemistry along with understanding the associated opportunities and challenges.
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      INTRODUCTION




      The International Union for Pure and Applied Chemistry (IUPAC) in 1974 has defined Medicinal chemistry as, “Medicinal chemistry concerns the discovery, the development, the identification and the interpretation of the mode of action of biologically active compounds at the molecular level. Emphasis is put on drugs, but the interest of the medicinal chemist is not restricted to drugs but includes bioactive compounds in general. Medicinal chemistry is also concerned with the study, identification, and synthesis of the metabolic products of drugs and related compounds” [1]. The word drug is derived from the French word ‘drogue’, which means a dry herb, and it is defined as ‘any substance used for diagnosis, prevention, relief or cure of some disease in a man or animal’ [2]. Medicinal chemistry is primarily associated with drug discovery and design which creates a stimulating link between many scientific disciplines in search of New Drug Entities. Moreover, the field of medicinal chemistry has been revolutionized by several technological innovations, such as computational tools and bioinformatics, which have speeded up drug developments and design procedure. Drug discovery and design is the process through which potential new medicines are identified which are further used for the treatment of different diseases. It involves a wide range of scientific disciplines, including biology, chemistry, and pharmacology. Medicinal chemistry is concerned with this interaction, focusing on the organic and biochemical reactions of drug substances with their targets.




      Medicinal chemistry is an interdisciplinary science combining the chemical sciences with life sciences and medical sciences at the interface to develop a potent drug. It involves biochemistry, pharmacology, molecular biology, genetics, immunology, pharmacokinetics, and toxicology on one hand, while on the other hand there are physical chemistry, crystallography, spectroscopy, computational techniques, data analysis, and data visualization [3]. The discovery of an NDE has always depended on creative and rational thinking, high-quality science and serendipity. An NDE is expected to meet an unmet medical condition or therapy where treatment modalities are not available or because of the incompatibility of existing drugs. The purpose of this book chapter is to demonstrate and discuss the possible drug sources, drug development process, advancements in drug discovery, and a robust understanding of how the medicinal chemist instigates the right experiments/strategy with the opportunities and challenges in medicinal chemistry.


    




    

      Sources of a drug




      World Health Organization (WHO) describes a drug as any substance used in a pharmaceutical product that is intended to modify or explore the physiological systems or pathological states for the benefit of the recipient [4]. A drug is a substance or product that affects the physiology or pathology of living cells. In simple words, it is used as a medicine to diagnose, cure, and prevent the occurrence of a disease and disorder and prolongs the lives of patients suffering from serious or incurable diseases.




      Before the twentieth century, the main sources of drugs were plants. Later, microorganisms and minerals were also recognized as potential sources of drug candidates. Nowadays, most of the drugs are obtained from synthetic, semi-synthetic and biosynthetic sources. Nature has served as a potent source of all medicaments and has been continuing since ancient times as an important source of novel bioactive compounds. These bioactive molecules are used either directly as medicinal agents or act as leads for synthetic structural modifications and optimization. There are mainly six sources, viz. plant, animal, mineral/earth, microbiological, semi-synthetic/ synthetic, and recombinant DNA technology (Fig. 1) which are the potential sources of drugs which will be elaborated in detail in this chapter along with the challenges associated with these sources.
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Fig. (1))


      Sources of a drug.
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