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Preface





This book is entitled “Therapeutic Effects of Antimicrobials - A Ready Reckoner”. Winning the war against human pathogenic microbes has been the targeted point of modern medical research. Microbes are organisms that are too tiny to be seen with the solo eye. They progressed long before the first plants and animals appeared, affecting our lives more than expected. Microbiologists are uncovering novel microbe species more rapidly than ever, owing to DNA sequencing methodologies advancements. Present assessments indicate that Earth may harbour at least 1 billion distinct microbe species and potentially even more. The breadth of microbial diversity is astonishing; however, all these microorganisms are categorised into the following primary types: Viruses, Bacteria, Fungi, and Protozoa.


This book has been segregated into four chapters. Chapter 1 deals with the "Therapeutic Effects of some Drugs against Bacterial Infections", Chapter 2 elaborates on the "Therapeutic Effects of some Drugs against Fungal infections", Chapter 3 talks about the "Therapeutic Effects of some Drugs against Protozoal infections", and Chapter 4 describes in detail the "Therapeutic Effects of some Drugs against Viral infections". On being urged by many health providers and pharmaceutical researchers to write a comprehensive book on this subject, the authors have made this venture. This book aims to provide information on chemical structures, pharmacology, Mode of Action, pharmacokinetic data, side effects and toxicology, and dose recommendations of anti-microbial drugs. A unique feature we have added here is the 3D structure of the drugs to understand their molecular activities. Local customs, expense, effectiveness, and drug availability must all be considered when considering a drug's suitability for treating a specific disease. The recommended dosage regimens for each drug can be found in the respective drug reviews. It is advisable to consult these reviews to determine whether the doses are specified as a salt or a free base, as the administered dosage may vary significantly between different formulations. Drug dosage recommendations are derived from data provided by pharmaceutical companies, with critical assessments conducted under recent reviews and original publications.


In India, only a limited number of drug preparations are accessible, and a selection of them is included in this compilation. The authors have collected drug information from reputable sources such as CIMS, MIMS, Drug Today, scientific journals and the Indian Pharmaceutical Guide.


While every effort has been made to present accurate scientific information, the authors and the publisher cannot accept responsibility for errors that may arise during compilation or printing, given the ongoing advancements in medical knowledge worldwide through continuous research. This book's content should prove valuable to medical practitioners, pharmacists, pharmacologists, chemists, and toxicologists. Section A contains information on drugs for helminth infection chemotherapy, while Section B provides details on drugs for protozoal infection chemotherapy.


This compilation serves a convenient purpose and is recommended for reference.


While all possible efforts have been made to include error-free data and keep the data free of mistakes, these will none the less be there. We cannot be urged to accept any responsibility if any error or omission occurs. We should be highly grateful to those bringing these mistakes to our notice immediately so that necessary corrections can be made. In a fast-changing world, new ideas and theories are continuously replaced.


Pharmacology cannot remain immune to this changing scenario and influx of new ideas. We are prepared to welcome any such new suggestions in this regard. This book covers only a glimpse of pharmacology's vast 'field'.


An unquestionable exceptional help was rendered by Prof. Bhabesh Bhattacharya, the Honourable Vice-Chancellor JIS University, who helped us differently. We are incredibly thankful to Prof. Sengupta, Director, GNIPST.


We are indebted to Prof. B. C. Mal, the Former Vice-Chancellor of JIS University, laid a hand in correcting the manuscript with specific modulations.


We are extending our thanks to Prof. Sanmoy Karmakar (Head of the Department of Pharmaceutical Technology, Jadavpur University), Prof. T Bera, and Prof. B Mukharjee (Ex-Head of the Department of Pharmaceutical Technology, Jadavpur University) for rendering me valuable help and necessary facilities to carry out this project comfortably. We are especially indebted to Prof. Sophie A. Lelievre, a Professor at Purdue University, USA, who worked actively to encourage us to compile this book. We are really thankful to the contributors and acknowledged them in separate places.


We also sincerely thank Prof H. S. Maji (Head of the Department of Pharmacy, JIS University), Nayna khatun, Dr. Pintu De, and Tathagata Roy, JIS University, for rendering valuable advice.


We are especially indebted to Mr. S. Ghosh (System Admin, JISU) and Mr S. Jana (PAVC, JISU) for their immense help in compiling this book. We also sincerely thank Dr. Ronald Mascarenhas, Department of Chemistry, St. Joseph’s University, Bangalore, for his encouragement.


We are grateful to Prof. Jim Waldo, Chief Technology Officer at Harvard John A. Paulson School of Engineering and Applied Science, Harvard University, MA, for his inspiration and encouragement.


We are especially thankful to Late. Amiya Mukul Ganguly, Mrs. Madhabi Ganguly and Mrs. Gita Chatterjee for their unconditional support and encouragement.


We are greatly indebted to Prof. Sunaina Singh, Former Vice Chancellor, Nalanda University, Bihar, India and English and Foreign Language University, Hyderabad, India, for all her encouragement and support.


We are also deeply inspired by and grateful to the Google Deepmind team at Google, USA, who are creating foundational break throughs in the field of AI.


Dr. S. Debnath, Mr. D. Naskar, and Mrs. Sharmily Chakraborty, with their expertise in the subject matter, helped to enrich the value of this book enormously. Acknowledgements are also due to our publisher BSP Books Pvt. Ltd. and their editorial staff for their cooperation, encouragement, and valuable suggestions. This book is also a result of enormous encouragement and sacrifices made by our family. We are thankful to our family members for their gifts.


*Professionals may use the materials and data compiled in this book, including pharmacists, pharmacologists, researchers, chemists, toxicologists, doctors,. The book is highly recommended for anti-microbial research and development for beneficially using the data available in this compilation.


The authors and the Publishers cannot be urged to accept any responsibility in the event of any error or omission creeping in or in compilations or printing, keeping in view the human errors as well as the ever-changing scientific advancement of knowledge all over the world by continuous penetrating researches to keep pace with the universal development. We shall derive high satisfaction if this book could attract readers/users to utilise the materials and explore data elaborated in this compilation.


We are also thankful to the JIS University and the Jadavpur University for providing the necessary research facilities. We shall derive high satisfaction if this book could attract readers/users to utilise the materials and explore the data elaborated in this handy research compilation.


-Authors
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Introduction


INTRODUCTION


Microbes, short for microorganisms, are tiny living organisms that exist virtually everywhere on Earth. They are so small that they cannot be seen with the naked eye and require a microscope to be observed. Despite their small size, microbes play a crucial role in various ecosystems and significantly impact the planet's biology, ecology, and human life. Microbes encompass many life forms, including bacteria, viruses, fungi, archaea, and protists. Each category contains numerous species, many of which have unique characteristics and functions.


Bacteria


Bacteria are single-celled microorganisms that belong to the domain Bacteria. Bacteria are classified as prokaryotes, lacking a membrane-bound nucleus and other membrane-bound organelles in eukaryotic cells. They have a simple cellular structure that includes a cell membrane, cytoplasm, ribosomes, and a single circular chromosome containing their genetic material. Bacteria reproduce through binary fission, in which a single bacterium divides into two identical daughter cells. This rapid reproductive ability allows bacteria to multiply and adapt to changing environments quickly. Bacteria also possess mechanisms for genetic exchange, such as conjugation, transformation, and transduction, which contribute to their genetic diversity and the spread of antibiotic-resistant genes. A bacterial infection occurs when harmful bacteria invade the body and multiply, leading to illness.


What are antibiotics?


Antibiotics are a class of powerful medications used to treat bacterial infections in humans and animals. They play a critical role in modern medicine by helping to combat and control bacterial diseases that were once life-threatening. Antibiotics target specific aspects of bacterial cells, disrupt their normal functions, and ultimately kill the bacteria or inhibit their growth. Some antibiotics, like penicillins and cephalosporins, interfere with the synthesis of the bacterial cell wall, making the cell vulnerable to rupture. Antibiotics such as tetracyclines and macrolides target the machinery responsible for bacterial protein synthesis, preventing bacteria from making essential proteins. Quinolone antibiotics disrupt bacterial DNA replication and repair processes. Antibiotics have revolutionized medicine by significantly reducing the morbidity and mortality of bacterial infections. They are used to treat various infections, from common ones like strep throat and urinary tract infections to more severe conditions like pneumonia and sepsis. Additionally, antibiotics are crucial for preventing infections after surgeries and organ transplants.


History of Antibacterial Drugs:


Prontosil, or sulfamidochrysoidine, was the first synthetic drug to treat general bacterial infections in humans. It made its debut in the field of medicine during the 1930s. Bayer's trade name for this drug is "Prontosil," while it goes by various nonproprietary names such as sulfamidochrysoidine, rubiazol, prontosil rubrum, prontosil flavum, aseptil rojo, streptocide, and sulfamidochrysoidine hydrochloride. Due to its origin predating the modern drug naming conventions, which aim to ensure wide recognition of nonproprietary names from the outset of marketing, the general public primarily knows it by its trade name. Prontosil falls under the category of antibacterial drugs within the sulfonamide group. It exhibits a relatively broad spectrum of activity against gram-positive cocci but is ineffective against enterobacteria. During the mid-20th century, it was widely utilized, but its usage has diminished in contemporary medicine due to the availability of superior alternatives.


The discovery and development of Prontosil, the inaugural sulfonamide drug, marked a transformative milestone in medicine by significantly expanding the realm of antimicrobial chemotherapy. Many physicians harboured doubts during that period when the potential of this form of therapy was still largely untapped. The prevailing medical practices included disinfectants and topical antiseptic treatments for wounds, but there were scant options for safely combating infections within the human body. The antibiotic drugs we now rely on, derived from microbes, had not yet existed.


Prontosil's journey began in 1932 when a research team at Bayer Laboratories within the IG Farben conglomerate in Germany made the discovery. It originated as part of a research program to identify dyes that could function as antibacterial agents within the body. The compound's synthesis was the work of Bayer chemists Josef Klarer and Fritz Mietzsch. After extensive testing, it was effective against critical bacterial infections in mice during the late autumn of 1932, a breakthrough achieved by Gerhard Domagk. Domagk was subsequently awarded the Nobel Prize in Medicine in 1939 for this achievement. The discovery of Prontosil culminated from a five-year testing endeavour encompassing thousands of compounds linked to azo dyes.


The development of Prontosil stemmed from the research conducted by the German chemist and pathologist Gerhard Domagk, who explored the antibacterial properties of azo dyes. Domagk demonstrated that this low-toxicity red azo dye, Prontosil, could prevent mortality in mice infected with Streptococcus bacteria. Additionally, it exhibited effectiveness in controlling Staphylococcus infections in rabbits. In a relatively short span, it became evident that Prontosil could combat experimental infections in animals and streptococcal diseases in humans, such as meningitis and puerperal sepsis. Subsequently, it was discovered that Prontosil breaks down in tissues to produce para-aminobenzene sulfonamide, also known as sulfanilamide.


Prontosil has since been superseded in clinical use by newer sulfonamide drugs, which include sulfanilamide, sulfathiazole, sulfamethoxazole, and others.


The history of antibacterial drugs, also known as antibiotics, is a fascinating journey that spans over a century. The groundwork for antibiotics was laid by early microbiologists like Louis Pasteur and Robert Koch, who demonstrated the link between specific bacteria and diseases. Pasteur's work on fermentation and Koch's identification of the causative agents of tuberculosis and cholera were pivotal. In 1909, Paul Ehrlich developed the concept of "magic bullets," chemicals that could specifically target diseasecausing microbes without harming the host. He coined the term "chemotherapy" and laid the foundation for the search for antimicrobial agents. In 1928, Dr. Alexander Fleming returned from a vacation and discovered mold growing on a Petri dish containing Staphylococcus bacteria. He observed that the mold appeared to inhibit the growth of the surrounding bacteria and identified that it produced a natural chemical with antibacterial properties.


After more than 75 years of clinical use, penicillin's immediate and profound impact on the world became evident. The chance event in Alexander Fleming's London laboratory in 1928 altered the medicine course. Nevertheless, it took over a decade to purify and clinically employ penicillin. The remarkable collaboration between the United States and Great Britain in penicillin production by 1943. During World War II, they have overshadowed efforts to produce penicillin in Europe, notably in the Netherlands. Information about these endeavours, which only became available in the last 10-15 years, has shed new light on the story of the first antibiotic. Researchers in the Netherlands developed their methods for penicillin production and introduced it to the market in 1946, ultimately increasing the supply and reducing the price. The serendipitous nature of penicillin's discovery underscores the challenges of finding new antibiotics and reminds healthcare professionals to use these remarkable medicines judiciously.


According to British haematologist and biographer Gwyn Macfarlane, the discovery of penicillin was "a series of chance events of almost unbelievable improbability." After just over 75 years of clinical use, it is clear that penicillin's initial impact was immediate and profound. Its discovery revolutionized the drug development process, its large-scale production transformed the pharmaceutical industry, and its clinical application forever changed the treatment of infectious diseases. The success of penicillin production in Great Britain and the United States overshadowed the serendipitous nature of its discovery and the efforts of other nations to produce it. Recent information on penicillin production in Europe during World War II has provided new insights into penicillin's history.


At the outset of the 20th century, Paul Ehrlich pioneered searching for a chemical that could selectively kill microorganisms without harming the host, which he termed the "magic bullet." Ehrlich also introduced the concept of chemotherapy, emphasizing the need for planned chemical synthesis, derivative development, and testing to identify effective compounds. After extensive research, he identified a drug with activity against the bacterium Treponema pallidum, which causes syphilis. The introduction of this drug, arsphenamine (Salvarsan), and its derivative neoarsphenamine (Neosalvarsan) in 1910 marked a significant transformation in syphilis therapy and the concept of chemotherapy. Despite exhaustive efforts, additional "magic bullets" for microbial treatment remained elusive for two decades, leaving Salvarsan and Neosalvarsan as the sole chemotherapy options for bacterial infections.


A fortuitous incident in a London laboratory in 1928 altered the trajectory of medicine. Alexander Fleming, a bacteriologist at St. Mary's Hospital, noticed an inhibition zone around a mold contaminating an agar plate, where bacteria failed to grow. He identified the mold as belonging to the Penicillium genus and named its active agent penicillin. He determined that penicillin exhibited antibacterial effects against staphylococci and other gram-positive pathogens. Fleming published his findings in 1929, but his attempts to isolate the unstable compound from the extract proved challenging. No progress was made in turning penicillin into a therapeutic substance for a decade. During this time, Fleming distributed his Penicillium mold to individuals who might successfully isolate penicillin for clinical use. However, interest in realizing Paul Ehrlich's vision of the "magic bullet" had waned by the early 1930s.


The success of sulfa drugs reignited interest in finding alternative agents. At Oxford University, Ernst Chain stumbled upon Fleming's 1929 article on penicillin and proposed to his supervisor, Howard Florey, the isolation of the compound. George Dreyer, Florey's predecessor, had inquired to Fleming in the 1930s about the possibility of bacteriophages causing the antibacterial effect of the mold, which was disproven. Nonetheless, the strain of Penicillium was kept at Oxford. In 1939, Howard Florey assembled a team, which included fungal expert Norman Heatley, to cultivate Penicillium spp. on a large scale. Chain successfully purified penicillin from an extract, and Florey oversaw animal experiments. On May 25, 1939, the team injected eight mice with a virulent strain of Streptococcus, treating four of them with penicillin, while the other four served as untreated controls. All untreated mice had perished the following morning, while the treated mice remained alive. Chain described the results as a "miracle." The team published their findings in The Lancet in August 1940, detailing the production, purification, and experimental use of penicillin with sufficient potency to protect animals against Streptococcus pyogenes, Staphylococcus aureus, and Clostridium septique infections.


Once the Oxford team had adequate penicillin, they commenced clinical trials to assess its efficacy. In February 1941, the first recipient of penicillin was an Oxford policeman suffering from a severe infection with abscesses throughout his body. The administration of penicillin led to a remarkable improvement in his condition within 24 hours. Regrettably, the limited supply ran out before he could be fully treated, and he passed away a few weeks later. Nevertheless, other patients experienced remarkable success with the drug. The Oxford team published their clinical findings. However, due to World War II commitments, British pharmaceutical companies could not massproduce penicillin. Florey then turned to the United States for assistance.


In June 1941, Florey and Heatley traveled to the United States. Concerned about the safety of carrying a vial containing the precious Penicillium mold, Heatley suggested applying the mold to their coats. They ultimately arrived in Peoria, Illinois, where they met Charles Thom, the principal mycologist of the US Department of Agriculture, and Andrew Jackson Moyer, director of the department's Northern Research Laboratory. Thom corrected the identification of Fleming's mold to P. notatum, initially identified as P.rubrum. Thom also recognized the rarity of this P. notatum strain, as only one other strain among his collection of 1,000 Penicillium strains produced penicillin. The third strain, P. chrysogenum, was ultimately used in mass production. It was found on a moldy cantaloupe in a market and produced six times more penicillin than Fleming's strain. A.J. Moyer recommended using corn steep liquor, a by-product of cornstarch manufacturing, when the media component for growing the mold in England was unavailable. The investigators achieved significantly greater penicillin production in the mold filtrate with corn-steep liquor than the Oxford team. Heatley remained in Peoria for six months to develop methods for cultivating Penicillium strains in large quantities, while Florey pursued interest from the US government and multiple pharmaceutical companies in penicillin production. The US government assumed control of penicillin production upon entering World War II. Researchers at pharmaceutical firms developed a technique for producing vast quantities of penicillin-producing Penicillium spp.


The Nobel Prize in Physiology or Medicine 1945 was awarded jointly to Sir Alexander Fleming, Ernst Boris Chain and Sir Howard Walter Florey for discovering penicillin and its curative effect in various infectious diseases.


Streptomycin (1943) was the first antibiotic effective against tuberculosis. Selman Abraham Waksman, born on July 22, 1888, and passing away on August 16, 1973, was an American inventor, biochemist, and microbiologist originally from Ukraine and of Jewish descent. He made significant contributions to microbiology, particularly in the study of soil-dwelling microorganisms, leading to the discovery of streptomycin and various other antibiotics. For four decades, he held the position of professor in biochemistry and microbiology at Rutgers University.


Over his career, Waksman discovered multiple antibiotics and played a crucial role in coining the term "antibiotics" in its modern sense. His innovative research and the methodologies he introduced paved the way for developing numerous other antibiotics. The financial returns from licensing his patents were used to establish a foundation dedicated to microbiological research, which subsequently founded the Waksman Institute of Microbiology, situated at Rutgers University's Busch Campus in Piscataway, New Jersey, USA.


In recognition of his groundbreaking work on soil microbes, which led to the discovery of streptomycin, Selman Waksman received the Nobel Prize in Physiology or Medicine in 1952. However, his relationship with one of his Ph.D. students, Albert Schatz, the actual discoverer of streptomycin, became contentious, resulting in legal action in 1950. Waksman and his foundation were accused of downplaying Schatz's role in the discovery. Eventually, they settled the dispute out of court, providing Schatz with financial compensation and acknowledgement as the co-discoverer of streptomycin.


This agreement granted Albert Schatz $120,000 for patent rights and 3% of royalties, ultimately recognizing his significant contribution to the discovery of streptomycin. The Lancet noted that the Nobel committee had overlooked Schatz's valuable role in the discovery.


Subsequently, other antibiotics like chloramphenicol and tetracycline were discovered, expanding the arsenal against bacterial infections. Scientists developed semisynthetic antibiotics by modifying existing antibiotics to improve their effectiveness and reduce side effects. Examples include ampicillin and methicillin. Antibiotics with a broader spectrum of activity, such as ampicillin and amoxicillin, became widely used for various infections. The misuse and overuse of antibiotics led to the emergence of antibiotic-resistant bacteria. This prompted increased awareness of the need for responsible antibiotic use and the development of new antibiotics. Antibiotic resistance remains a major global health concern, with some bacterial strains becoming resistant to multiple antibiotics. Scientists continue to search for new antibiotics from natural sources, develop synthetic antibiotics, and explore alternative approaches to combat bacterial infections, including phage therapy and immunotherapy. The history of antibacterial drugs showcases the remarkable progress made in the treatment of bacterial infections, saving countless lives.


Fungi


The history of fungi is a fascinating tale that spans millions of years. Fungi are diverse organisms that play vital roles in ecosystems, agriculture, industry, and medicine. Fungi are thought to have diverged from other life forms over a billion years ago, making them some of the earliest terrestrial organisms. These early fungi were likely simple, single-celled organisms similar to modern yeasts. Fungi evolved into multicellular forms, including the first fungi with hyphae (thread-like structures) for nutrient absorption. Hyphae development allowed fungi to exploit a wide range of ecological niches and engage in symbiotic relationships with other organisms. The earliest fossil evidence of terrestrial fungi dates back to the Ordovician period, around 460 million years ago. Fossilized fungal spores and mycelia have been found in ancient rocks. Fungi were among the first organisms to colonize land, playing a crucial role in breaking down organic matter and facilitating the development of terrestrial ecosystems. They formed symbiotic relationships with early land plants, helping plants access nutrients from the soil.


Ancient civilizations, such as the Egyptians, Greeks, and Romans, used fungi for medicinal purposes. Edible mushrooms were cultivated and consumed in various cultures for their nutritional and culinary value. The industrial use of fungi expanded with the development of fermentation processes for producing products like alcohol, bread, and cheese. Penicillin, the first antibiotic, was discovered by Alexander Fleming in 1928, derived from the fungus Penicillium. Fungi were instrumental in developing biotechnology, including the production of enzymes and the study of genetics. The history of fungi is intertwined with the evolution of life on Earth, from their ancient origins to their essential roles in modern ecosystems and human society. Their significance in fields like agriculture, medicine, and biotechnology continues to expand as scientific knowledge and technology advance.


What are antifungals?


Antifungal drugs, also known as antifungals or antimycotics, are medications used to treat fungal infections in humans, animals, and plants. Fungal infections can affect various parts of the body, including the skin, nails, respiratory system, and internal organs. Fungi are a diverse group of microorganisms that can cause a wide range of infections, from mild and superficial conditions like athlete's foot and yeast infections to severe and life-threatening diseases such as invasive fungal infections in immunocompromised individuals. Antifungal drugs target specific components or processes in fungal cells, inhibiting their growth and replication.


History of Antifungal Drugs:


The history of antifungal agents, also known as antifungals or antifungal drugs, is closely linked to discovering and understanding fungal infections and developing treatments to combat them. Before the development of modern antifungal drugs, various cultures used herbal and folk remedies to treat fungal infections. These included plant extracts, such as garlic, tea tree oil, and vinegar, known for their antifungal properties. The understanding of fungal diseases, such as ringworm and athlete's foot, began to emerge in the late 19th century. At that time, treatment primarily involved topical applications of substances like iodine. The discovery of antibiotics, such as penicillin, In the early 20th century, sparked interest in finding similar treatments for fungal infections. One of the most renowned stories in the annals of American medical history recounts the collaborative efforts of Elizabeth Lee Hazen (1885-1975) and Rachel Fuller Brown (1898-1980). Together, they developed and patented a groundbreaking antibiotic, later recognized as the world's inaugural effective antifungal medication.


In a coordinated effort under the sponsorship of the New York State Department of Health, Hazen was stationed in New York City, diligently labouring to devise a remedy capable of eradicating various forms of fungal infections. Meanwhile, Brown, based in Albany, lent her specialized expertise to provide Hazen with precisely suited strains of bacteria for her research. Their innovative journey involved months of sharing soil samples and information through the United States postal service, culminating in the creation of "Nystatin," a name derived from the abbreviation for "NY State Dept. of Health." Subsequently, they were granted patent #2,797,183 on June 25, 1957.


During World War II, fungal infections posed significant challenges for soldiers, and traditional drugs like penicillin proved ineffective in addressing the issue. Regrettably, these drugs indiscriminately eliminated beneficial bacteria that combat fungal infections. Hazen and Brown's Nystatin, which continues to be employed under various trade names, not only offers effective treatment for various potentially devastating fungal infections affecting the skin and digestive system but has also been engaged in combating Dutch Elm disease in trees and in the restoration of artwork damaged by water and mold.


Remarkably, Hazen and Brown chose to invest all the substantial royalties they received from Nystatin, exceeding $13 million, into the nonprofit organization known as the "Research Corporation." This organization had previously played a pivotal role in helping them secure a patent for their revolutionary medication. Their immense generosity has facilitated extensive medical research and stands as an inspiring example, motivating numerous women to embark on careers in the scientific realm. A few decades ago, the treatment options for fungal infections were quite limited. However, the landscape of antifungal therapy underwent a significant transformation in the late 1960s with the introduction of newer, more versatile agents. These included iodinated trichlorophenols and imidazoles, which operated by disrupting the cell membrane of fungi. Recent advancements in broadspectrum antifungal medications have brought about triazoles like terconazole, itraconazole, fluconazole, and dimethyl morpholine, exemplified by amorolfine. Ketoconazole, marketed under the trade name Nizoral, is a versatile medication with antiandrogen, antifungal, and antigluco corticoid properties. Its primary role involves the treatment of various fungal infections. When applied topically, it effectively combats fungal skin conditions like tinea, cutaneous candidiasis, pityriasis versicolor, dandruff, and seborrheic dermatitis. Nonetheless, oral administration is considered a secondary choice and is typically recommended for severe infections when alternative treatments are not feasible. Ketoconazole also finds application in managing excessive male-patterned hair growth in women and addressing Cushing's syndrome.


The development of Ketoconazole can be traced back to 1977 when the Belgian pharmaceutical company Janssen secured its patent. It subsequently entered the medical market in 1981. Today, generic versions of Ketoconazole are readily available, and topical formulations can be obtained over the counter in the United Kingdom. As of 2020, it ranked as the 170th most commonly prescribed medication in the United States, with over 3 million prescriptions. It's worth noting that the oral form of Ketoconazole was discontinued in the European Union and Australia in 2013 and China in 2015. Furthermore, its usage was restricted in the United States and Canada in 2013.


Among the recent discoveries, allylamines are a promising class of compounds for managing fungal disorders. Clinical studies have focused on two members of this unique chemical group: naftifine and terbinafine. Both of these compounds exhibit efficacy against a wide range of fungal organisms. Additionally, terbinafine offers the advantage of being effective through topical and oral administration.


Griseofulvin, one of the first systemic antifungal drugs, was discovered in 1939 and became available for clinical use in the 1950s. It was particularly effective against dermatophyte fungi that cause skin and nail infections. 


Griseofulvin (C17H17ClO6) is a naturally occurring compound first identified in 1939 when isolated from Penicillium griseofulvum. Beyond its association with Penicillium, griseofulvin can also be found in various ascomycetes genera, such as Xylaria flabelliformis, Abieticola koreana, and Stachybotrys levispora. This versatile substance serves diverse purposes, finding applications in agriculture and medicine.


Griseofulvin protects against fungal infestations in the agricultural sector, effectively preventing crop colonization and infection. Its utility extends to the field of medicine, where griseofulvin has gained widespread recognition as an antifungal drug. Due to its favourable safety profile, it is commonly employed to treat ringworm and dermatophyte infections in humans and animals. In cancer research, griseofulvin inhibits cancer cell division and may induce cell death by interacting with the mitotic spindle microtubule. Furthermore, it has demonstrated the ability to impede the replication of the hepatitis C virus by disrupting microtubule polymerization in human cells.


Notably, griseofulvin has long been associated with its vasodilatory effects, promoting enhanced capillary blood flow. Recent research has shed new light on this ancient compound, revealing its binding solid potential with the SARS-CoV-2 main protease and the human ACE2 receptor. The latter is particularly significant as ACE2 aids in the breakdown of ANG II, contributing to reduced blood pressure and inflammation. Molecular docking experiments suggest a promising avenue for drug repurposing, potentially enhancing ACE2 activity to alleviate COVID symptoms.


This comprehensive review article encompasses the historical journey of griseofulvin research from its initial discovery to recent breakthroughs hinting at its promising clinical applications. The investigation also delves into griseofulvin's interactions with cytoplasmic intermediate filament proteins using molecular docking techniques, focusing on its binding affinity with keratin 8 and 18 in humans, rats, and mice. The findings unveil a stronger affinity of griseofulvin with K18 in rats, followed by mice, shedding light on the milder liver issues observed in humans in contrast to the more severe complications encountered in mice.


Griseofulvin, initially isolated in 1939 and known primarily for its antifungal properties against dermatophytes, has traversed a rich history of discovery and research. Its diverse applications in agriculture, medicine, cancer research, and even its potential role in COVID-19 treatment, have elevated its status as a significant fungal secondary metabolite. Furthermore, ongoing investigations continue to unravel its intricate interactions and potential therapeutic applications. The compound's journey, from the "curling factor" discovered by Brian and Hemming in 1947 to its identification as griseofulvin, showcases its enduring importance in science and medicine.


The development of the polyene antifungal amphotericin B marked a significant advancement in treating systemic fungal infections. Amphotericin B is effective against a broad spectrum of fungal species. The azole class of antifungals, which includes drugs like ketoconazole and fluconazole, emerged in the 1960s and 1970s. Azoles inhibit the synthesis of ergosterol, a crucial component of fungal cell membranes. Fluconazole, a triazole antifungal, gained popularity as an effective treatment for a wide range of fungal infections, including candidiasis and cryptococcosis. It was notable for its oral availability.


Newer antifungal drugs, such as itraconazole and voriconazole, were developed with improved safety profiles and broader activity spectra. Echinocandins, a class of antifungal drugs that inhibit the synthesis of fungal cell walls, were introduced in the 2000s. Caspofungin and micafungin are examples of echinocandins used to treat invasive fungal infections. Advances in molecular biology and genomics have enabled researchers better to understand fungal pathogens and their drug resistance mechanisms, leading to more targeted antifungal therapies. Despite advancements in antifungal drug development, fungal infections remain a significant global health challenge. Fungal drug resistance, particularly in species like Candida and Aspergillus, is a growing concern.


Efforts to discover novel antifungal agents and improve the efficacy and safety of existing drugs continue in response to these challenges.


Protozoa


Protozoa are a diverse group of single-celled eukaryotic microorganisms that inhabit a wide range of environments, from terrestrial to aquatic, and from symbiotic relationships within larger organisms to parasitic associations with plants, animals, and even humans. They are essential to the microbial world and play significant roles in various ecosystems. Protozoa come in a vast array of shapes, sizes, and forms, ranging from tiny flagellates, which move using whip-like flagella, to amoebas, which move by extending pseudopods (temporary "false feet"), and ciliates, which are covered in hair-like structures called cilia for locomotion.


Despite their small size, protozoa are incredibly diverse in morphology, behaviour, and life cycles. Protozoa are eukaryotes, meaning their cells contain a true nucleus and membrane-bound organelles, such as mitochondria and a complex endomembrane system. This sets them apart from bacteria and archaea, which are prokaryotic microorganisms. Protozoa inhabit a wide range of environments, from freshwater and marine ecosystems to soil and the digestive tracts of animals. They can be free-living, symbiotic (mutually beneficial relationships with other organisms), or parasitic (harmful to their host organisms). Protozoa are heterotrophic, which means they obtain their nutrients by ingesting other microorganisms or organic matter.


Depending on their feeding strategies, protozoa can be classified as phagotrophs (feeding by engulfing particles), osmotrophs (absorbing dissolved nutrients), or mixotrophs (capable of both phagotrophic and osmotrophic feeding). Protozoa reproduce asexually through binary fission (cell division), budding, and multiple fission. Some protozoa also engage in sexual reproduction, which can involve the exchange of genetic material between two individuals. Protozoa play vital roles in various ecosystems. They are essential components of microbial food webs, serving as prey for other microorganisms and helping to regulate bacterial populations. Some protozoa are involved in nutrient cycling and decomposition processes, breaking down organic matter and recycling nutrients. While most protozoa are harmless, some species can cause diseases in humans and animals. For example, Plasmodium causes malaria, and Entamoeba histolytica causes amoebic dysentery.


Research into these pathogenic protozoa is critical for understanding and treating the diseases they cause. Protozoology is the branch of biology dedicated to the study of protozoa. Researchers in this field explore various aspects of protozoan biology, including taxonomy, genetics, ecology, and their roles in human health and disease.


History of Antiprotozoal Drugs


Kala-azar, a protozoal disease also known as visceral leishmaniasis, posed a significant threat in the Bengal Presidency of British India, encompassing the modern-day Indian states of Bengal, Bihar, Assam, and Odisha. This devastating disease was widespread in areas adjoining the Ganga and Brahmaputra Rivers. In the early 1900s, the primary treatment method involved intravenous injections of tartar emetic, which had a narrow safety margin and led to various adverse effects with prolonged use.


In a pivotal development in 1920, Upendranath Brahmachari introduced urea stibamine, a urea salt of para-amino phenyl stibnic acid. This breakthrough revolutionized Kala-azar treatment, achieving a remarkable cure rate exceeding 90% with minimal side effects. Brahmachari also contributed significantly by describing post-kala-azar dermal leishmaniasis, earning him recognition as a knighthood from the British Empire. Despite being nominated for the Nobel Prize twice, he never received the prestigious award.


British medical and administrative authorities acknowledged Kala-azar, or visceral leishmaniasis, as a public health concern in India. Widespread efforts were undertaken in the 19th and early 20th centuries to control this infection. However, the invaluable contribution of Upendranath Brahmachari has often been overlooked in this field. His discovery of pentavalent antimonial, urea stibamine, was crucial in saving countless lives from this deadly protozoal disease transmitted by sandflies. Here, we present a brief biography of this distinguished figure in the realm of biomedical research in India.


A young Upendranath completed his early education at Eastern Railways Boys' High School in Jamalpur. He later joined Calcutta Medical College and earned his Licentiate in Medicine and Surgery in 1899, followed by an MB degree in 1900. His outstanding performance in Medicine and Surgery led to the prestigious Goodeve and McLeod Medals. Subsequently, he obtained his Doctor of Medicine degree in 1902 and a PhD in Physiology from the University of Calcutta in 1904, with his work on "Studies in Haemolysis" earning him the PhD.


Dr. Brahmachari returned to Calcutta and assumed the role of a Medicine Teacher and First Physician at Campbell Medical School, now known as Nil Ratan Sircar Medical College and Hospital, in 1905. He dedicated a substantial part of his professional life, approximately 20 years, to this institution. In 1923, he joined Calcutta Medical College, retiring from there in 1927. Armed with a strong foundation in chemistry, physiology, and modern medicine, Dr. Brahmachari made notable contributions to the field of biomedical sciences. One of his most remarkable achievements was the discovery of urea stibamine for treating Kala-azar.


The first reported epidemic of Kala-azar occurred in Assam in 1870, spreading to Bengal and Bihar along the Brahmaputra and Gangetic plains. While the disease claimed millions of lives, its causative agent remained undiscovered until the late 18th century. In 1903, William Leishman and Charles Donovan independently identified the pathogen from autopsy material of soldiers in Calcutta and Madras, respectively. Sir Ronald Ross named the parasite Leishmania donovani. From 1913 to 1915, Kala-azar was treated with intravenous injections of tartar emetic (potassium salt of antimonyl tartrate), but this method had several drawbacks, including cardiac and hepatic complications.


Dr. Brahmachari attempted to improve the treatment by using the sodium salt of antimonyl tartarate, which showed better results. He later explored the use of metallic antimony in powder and colloidal forms but encountered issues related to availability, storage, preparation, and administration. Therefore, he persisted in his quest for an improved Kala-azar treatment.


During this time, Dr. Paul Ehrlich, a German physician and chemist, demonstrated the efficacy of atoxyl (sodium salt of para-amino arsenic acid) against sleeping sickness in 1905. Inspired by Ehrlich's work, Dr. Brahmachari sought to replace the arsenic component of atoxyl with heavy metal antimony, using it to treat Kala-azar patients. Despite working in a modest room with limited laboratory facilities at the Campbell Hospital, he successfully synthesized a potent new compound against Kala-azar, which he named urea stibamine—the urea salt of para-amino phenyl stibnic acid in 1920. Using urea stibamine significantly reduced Kala-azar mortality by 1925, with a remarkable cure rate of 95%. This treatment extended beyond India, benefiting patients in Greece, France, and China for many years.


Antiprozoal Drugs:


Antiprotozoal drugs are medications used to treat infections caused by protozoa, which are single-celled eukaryotic microorganisms. These drugs target the protozoa's various life stages, disrupt their cellular processes, and help eliminate the infections they cause.


Chloroquine is used for treating and preventing malaria, although its effectiveness has declined due to drug resistance. Artemisinin and its derivatives (e.g., Artemether-Lumefantrine, Artesunate) are highly effective against malaria and often used with other antimalarial drugs to reduce resistance.


Metronidazole is effective against Entamoeba histolytica and is used to treat other protozoal infections like giardiasis and trichomoniasis. Tinidazole is another option for treating amoebic infections, similar to metronidazole.


Metronidazole is effective against Giardia lamblia and is the most commonly used medication for giardiasis. Sodium stibogluconate used for cutaneous leishmaniasis. AmphotericinB effective against severe forms of visceral leishmaniasis. Praziquantel used for treating schistosomiasis and some other worm infections. Mebendazole and Albendazole are effective against certain intestinal worms and some protozoa. Antimalarial drugs are medications specifically designed to prevent or treat malaria, a parasitic disease caused by Plasmodium protozoa. Malaria is a major global health concern, especially in regions where the disease is endemic. Chloroquine interferes with the parasite's ability to break down and digest hemoglobin, a process it relies on for survival. Once widely used for the treatment and prevention of malaria, especially in regions with chloroquine-sensitive Plasmodium strains. Artemisinin compounds damage the parasite's cell membranes and proteins, disrupting its life cycle. These drugs are highly effective against malaria, especially in combination with other antimalarials. They are often used as first-line treatments for uncomplicated malaria. Atovaquone disrupts the parasite's mitochondrial electron transport, while proguanil inhibits the parasite's ability to replicate DNA. Malarone is used to prevent and treat malaria, including chloroquine-resistant strains. Mefloquine interferes with the parasite's ability to metabolize heme, a byproduct of hemoglobin digestion. Doxycycline is an antibiotic that inhibits the growth of the Plasmodium parasite within red blood cells. Doxycycline is used for malaria prophylaxis in regions with chloroquine resistance. It's taken daily during travel and for four weeks after leaving a malaria-endemic area. Primaquine targets the dormant liver forms (hypnozoites) of Plasmodium vivax and Plasmodium ovale, preventing relapses of these malaria species. Primaquine is used to prevent relapses of P. vivax and P. ovale malaria and is typically administered alongside other antimalarials for the acute infection. Quinine and Quinidine interfere with the parasite's ability to control the movement of ions across its cell membrane, ultimately leading to the parasite's death. Quinine is used to treat severe malaria, while quinidine may also be used as a treatment for resistant strains. Antimalarial drugs depend on factors such as the specific Plasmodium species causing the infection, the geographic location, drug resistance patterns, and individual patient considerations.


Virus


Viruses are microscopic organisms that can infect animals and plants to microorganisms, including bacteria and archaea,i.e. all life forms. Small pieces of genetic information (DNA or RNA) live inside a protective shell (capsid). Some viruses contain an envelope. Viruses depend on their host cell to reproduce. Illnesses such as HIV/AIDS, influenza, viral hepatitis, encephalitis, herpes simplex type I (cold sores of the mouth) and type II (genital herpes), herpes zoster (shingles), infectious mononucleosis, and the common cold is activated by a virus.


What are anti-viral drugs?


Anti-viral drugs are a class of drug used for treating viral infections. Though most anti-virals target specific viruses, some broad-spectrum anti-virals are effective against many types of viruses. The main aims of anti-viral agents are to decrease harm to the host system and cure the diseases. However, replicating viruses in the host system is much more challenging than bacteria and fungi. Anti-viral drugs penetrate to disrupt the virus’ cellular divisions, as they hurt normal physiological pathways in the host. Due to these problems, anti-viral agents have a narrower medicinal impact than antibacterial drugs. Most of the available anti-viral drugs are designed to help deal with HIV, herpes viruses, the hepatitis B and C viruses, and influenza A and B viruses. Anti-viral drug development is complicated and has progressed significantly longer than antibiotic drug development.


History of Antivial Drugs


Anti-viral drugs are a class that are used for viral infection treatments. Though most anti-virals target specific viruses, some broad-spectrum anti-viral are effective against many types of viruses. The main aims of anti-viral agents are to decrease harm to the host system and cure the diseases. However, the replications of viruses in host system represent is much more challenging than bacteria and fungi. Anti-viral drugs not just penetrate to disrupt the virus’ cellular divisions but also harm normal physiological pathways in the host. Due to these issues, anti-viral agents have a narrow therapeutic index than antibacterial drugs. Most of the available anti-viral drugs help to fight against HIV, herpes viruses, influenza A and B viruses and the hepatitis B and C viruses. Anti-viral drug development is complicated and thus taken comparably longer to progress than antibiotic drug development. The greatest success against virus infections has come through vaccination in preventing influenza, polio, measles, mumps, and smallpox with live attenuated (weakened) or killed viruses by increasing immunity. For example, vaccination uprooted the devastating power of small pox. In the case of influenza, the causative viruses are constantly changing their antigenic proteins; thus, revaccination is required as the antigenic make up of the viruses changes annually. Some virus groups contain 50 or more different viruses, making effective vaccination difficult. So, it was the necessary of era, civilization to discover anti-viral drug along with vaccination. Many factors account for the difficulty in developing anti-viral agents. The structure of each virus differs, and specific therapy is often unsuccessful because of periodic changes in the antigenic proteins of the virus (antigenic proteins provoke an immune response in the host). The need for a host cell to support the multiplication of the virus makes treatment difficult because the agent must be able to inhibit the virus without seriously affecting the host cells. Thus, many researchers belived that it may not be possible to develop an antivirul drug successfully. But after many attempts a new era of anti-viral drug development has begun since the first anti-viral drug, idoxuridine, was approved in June 1963. It became the first anti-viral drug approved by the US Food and Drug Administration, for topical use against herpes simplex keratitis. Since then, many anti-viral drugs have been developed for clinical use to treat millions of human beings worldwide. Between June 1963 and April 2016, 90 drugs were properly approved to treat nine human infectious diseases such as HSV, HIV-1, cytomegalo, influenza, HBV, and HCV. Even though thousands of anti-viral inhibitors have been discovered theoretically.


Anti-Herpes Virus Drugs


Herpes virus is the DNA-containing virus that causes such diseases as genital herpes, chickenpox, retinitis, and infectious mononucleosis. After the viral particle attaches to the cell membrane and uncoats, the viral DNA is transferred to the nucleus and transcribed into viral mRNA for the viral proteins. Drugs that are effective against herpes viruses interfere with DNA replication. Idoxuridine is not only the first anti-herpes virus but also the first-ever virus that was approved for clinical use. Idoxuridine is an iodinated analogue of the nucleosides deoxyuridine and thymidine. It was first synthesized by William H.Prusoff at Yale University (New Haven, CT) in 1958.Five years later, in June1963, it was approved by the US Food and Drug Administration, for topical use against herpes simplex keratitis.A screening program for anti-viral drugs began at Burroughs Wellcome in the 1960s, which resulted in the discovery of acyclovir in 1974.Preclinical investigation brought the drug to clinical trials in 1977 and the first form of the drug (topical) was available to physicians in 1982. Acyclovir was codiscovered by Howard Schaeffer following his work with Robert Vince, S. Bittner and S.Gurwara on the adenosine analog acycloadenosine which showed promising anti-viral activity. Later, Schaeffer joined Burroughs Wellcome and continued the development of acyclovir with pharmacologist Gertrude B. Elion. A U.S. patent on acyclovir listing Schaeffer as inventor was issued in 1979.Vince later invented abacavir, an nRTI drug for HIV patients. Elion was awarded the 1988 Nobel Prize in Medicine, partly for developing acyclovir. Valaciclovir is a prodrug of acyclovir. After oral administration, it is rapidly and extensively converted to acyclovir by first-pass metabolism, resulting in plasma acyclovir concentrations previously only attainable with intravenous administration. Like acyclovir, valaciclovir is generally well tolerated. Valaciclovir was patented in 1987 but was not used for medical purposes until 1995.Penciclovir is a guanosine analogue anti-viral drug used to treat various herpes virus infections. Penciclovir was approved by the FDA for medical use in 1996.It was Developed and launched by SmithKline Beecham (SB; now GlaxoSmithKline) and marketed in the US by Prestium Pharma and exUS by Novartis, brand names are Vectavir; Fenivir; Denavir; Euraxvir. It is a 1 % topical cream indicated for treating recurrent herpes labialis (cold sores) in adults and children 12 years of age and older. Famciclovir is a prodrug form of Penciclovir. It was patented In 1983 and approved as medicine in 1994.The first generic version of famciclovir was approved by USFDA in 2007. It is marketed under the trade name Famvir by Basel-based Swiss multinational pharmaceutical company Novartis.
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