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By the mid-20th century, therapeutically useful alkaloids had been purified and derivatized from the ergot fungus, as uterotonic and sympatholytic agents. 3. Glennon, PhD Virginia Commonwealth University School of Pharmacy Richmond, VA Robert K. To make their ix professional recommendation, students must conduct a thorough analysis of key
structure activity relationships (SAR) in order to predict such things as relative potency, receptor selectivity, duration of action and potential for adverse reactions, and then apply the knowledge gained to meet the patient’s therapeutic needs. Chemists continue to make important contributions to the preparation of radiopharmaceuticals and contrast
agents. The Emperor Shen Nung (2735 bc) compiled what may be called a pharmacopeia including ch’ang shang, an antimalarial alkaloid, and ma huang, from which ephedrine was isolated. 56. w w wwww woman by Yamamoto. Indeed, in the past two decades, there has been a decreased emphasis on the screening of natural products for new drugs
by pharmaceutical companies, with greater reliance placed on screening large libraries of synthetic compounds (10,11,14,15). Lemke_Chap01.indd 26 2. In: Ernst EJ, Rogers P, eds. NMR of natural products at the nanomolar scale. In 1929, Sydney Smith at Burroughs Wellcome isolated and separated a new glycoside from D. Biochem Pharmacol
2009;78:217–223. When compared to synthetic compounds, natural products tend to have more protonated amine and free hydroxy functionalities and more single bonds, with a greater number of fused rings containing more chiral centers. H3C N H3C N CH3 Br H CH2OH O RS O Atropine Lemke_Chap01.indd 20 H O O HO S O S Tiotropium bromide
Galantamine Anti-infective Agents Since the introduction of penicillin G (benzylpenicillin) to chemotherapy as an antibacterial agent in the 1940s, natural products have contributed greatly to the field of anti-infective agents. There have been a number of studies to investigate the physicochemical parameters of natural products in recent years, and it
has been concluded that “libraries” or collections of these substances Lemke_Chap01.indd 14 tend to afford a higher degree of “drug-likeness,” when compared with compounds in either synthetic or combinatorial “libraries” (10,11). Tyler’s Herbs of Choice. Science 2009;325:161–165. Endocrine Therapy and Steroids The first pure hormone to be
isolated from the endocrine gland was epinephrine, which led to further molecular modifications in the area of sympathomimetic amines. Stalking cholesterol: how one scientist intrigued by molds found first statin. In 1973, Avram Goldstein, Solomon Snyder, Ernst Simon, and Lars Terenius independently described saturable, stereospecific binding
sites for opiate drugs in the mammalian nervous system. Biotechnology drug discovery and drug development tools are used to create the more traditional small molecules. 2.2). Kelloff GJ, Hawk ET, Sigman CC, eds. Padmanabha BV, Chandrashekar M, Ramesha BT, et al. At this time, it was thought that specific chemical groups, or nuclei (rings), were
responsible for specific biologic effects. 23. In the quest for better medicinal agents (drugs), it must be determined which functional groups within a specific structure are important for its pharmacologic activity and how these groups can be modified to produce more potent, more selective, and safer compounds. Combinatorial organic synthesis is not
random, but systematic and repetitive, using sets of chemical “building blocks” to form a diverse set of molecular entities. Cordell GA. Common ketone, neutral O F aryl amine weak base CO2H N N HN carboxylic acid aryl amine, weak base alkyl amine basic FIGURE 2.4 Chemical structure of ciprofloxacin showing the various organic functional
groups. This drug is also administered by injection and enables improved glycemic control in patients with type 2 diabetes (18,59). The other glycosides of digitalis were subsequently isolated in 1869 by Claude A. The extracts showed potent anticancer activity, and by 1967, Wall and his coworkers had isolated the active ingredients; in 1971, they
established the structure of the compound. Review of functional groups and their acid–base properties can also be found at www.duq.edu/pharmacy/faculty/harrold/ basic-concepts-in-medicinal-chemistry.cfm. A Treatise of Pharmacognosy, 6th Rev. Although iodine has 24 known isotopes, 123I, 131I, and 125I are the only iodine isotopes currently used
in medicine. 12/9/2011 1:35:43 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS care system. Jacob MR, Walker LA. As we have moved into the 21st century, drug discovery has focused on drug targets and high-throughput screening of drug hits and computer-assessed drug design to fill its drug pipeline. While the most obvious
tweak was a shift to a limited free-to-play model less than a year after release, there have been a lot of more subtle changes that are good news for everyone. So-called high-throughput screening (HTS) assays have become widely used for affording new leads. Meropenem is a carbapenem (a group of β-lactam antibiotics in which the sulfur atom in the
thiazolidine ring is replaced by a carbon) and is based on thienamycin (Fig. The process is derived from the earlier animal studies quantifying regional glucose metabolism with [14C]-2-deoxyglucose, which passes through the blood–brain barrier by the same carrier-facilitated transport system used for glucose. J Nat Prod 2010;73:1015–1021. Recent
developments in automated structure elucidation of natural products. Many important scientific observations germane to natural product drug discovery have been made as a result (1–4). Insulin soon became a major product for Eli Lilly & Co. and Novo Nordisk, a Danish pharmaceutical company. The active principles of digitalis were isolated in 1841
by E. Nat Rev Drug Discov 2009;8:69–85. A more profound understanding of the chemical and biologic aspects of plants used in the traditional medicine of countries such as the People’s Republic of China, India, Indonesia, and Japan has occurred in recent years, in addition to the medicinal plants used in Latin America and Africa. Kinghorn AD. Case
history: discovery of ixabepilone (IXEMPRA™), a first-in-class epothilone analog for treatment of metastatic breast cancer. Table 2.4 lists several common functional groups and the number of hydrogen bonds in which they can potentially participate. A second ether derivative of artemisinin has also been developed, namely, arteether, and is registered
in the Netherlands (76). Nat Prod Rep 2008;25:475–516. Hench, Edward C. Voet 2013 David L. Itokawa H, Morris-Natschke SL, Akiyama T, et al. In 2005, it was estimated that 11 million American women and about O H3C H3C CH3 H H H H H3C OH C CH H3C OH C CH H H H O H H O Progesterone Norethindrone H3C OH C CH H3C H3C OH C C
CH3 H H CH3O Norethynodrel CH3 N H H H O Mestranol FIGURE 3 Steroidal agents. When the positive end of the dipole is a hydrogen atom, this interaction is referred to as a “hydrogen bond” (or H-bond). In Lemke_Chap01.indd 17 17 noncellular (cell-free) assays, natural products extracts and their purified constituents may be investigated for
their effects on enzyme activity (42) or on receptor binding (43). Hirsch, PharmD, BCPS Northeastern University School of Pharmacy Boston, MA Clinical Scenario and Clinical Significance Jill T. As long as you have a computer, you have access to hundreds of games for free. 51. Natural products also have the potential to treat drug abuse (61). Two of
the hormones of the thyroid gland, thyroxine (T4) and liothyronine (T3), have similar effects in the body regulating metabolism, whereas the two hormones from the posterior pituitary gland—vasopressin, which exerts pressor and antidiuretic activity, and oxytocin, which stimulates lactation and uterine motility—differ considerably both in their
chemical structure and physiologic activity. The isolation and characterization of minute amounts of the active principles of the sex glands and from the adrenal cortex eventually led to their total synthesis. Heinrich M, Barnes J, Gibbons S, et al. 1.8) and the flavonoid glycoside constituents of ginkgo (Ginkgo biloba) leaves are regarded as being
necessary for allevation of the symptoms of peripheral vascular disease for which this phytomedicine is used in Europe (101). 2.4), a fluoroquinolone antibacterial agent, contains a secondary alkylamine, two tertiary arylamines (aniline-like amines), and a carboxylic acid. Nat Rev Drug Discov 2007;6:599–600. Lessons learned from herbal medicinal
products: the example of St. John’s wort. Nat Prod Rep 2004;21:519–538. Lewis WH. Booth, PhD University of Florida College of Pharmacy Gainsville, FL Ronald Borne, PhD The University of Mississippi School of Pharmacy University, MS Robert W. This initial hypothesis was later disproven by the discovery of the natural neurotransmitter and
activator of muscle contraction, acetylcholine (Fig. The intent of this section is to pose a problem at the beginning of the chapter to stimulate the student’s thinking as he/she reads through the chapter and then bring the learning “full circle” with the clinician’s and chemist’s solution to the case/problem revealed once the entire chapter has been read.
Visit Lippincott Williams & Wilkins on the Internet: . 85. It is of interest to note that these two antineoplastic agents are particularly important not only because of the clinical effectiveness of their derivatives as cancer chemotherapeutic agents, having a significant proportion of the market share (80), but Kaduse.com 12/9/2011 1:35:42 AM CHAPTER
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Irinotecan Camptothecin Topotecan Lead anticancer compounds paclitaxel, camptothecin, and their respective derivatives. Drugs inspired by a drug. Kaduse.com 12/9/2011 4:12:12 AM 32 PART I / PRINCIPLES OF DRUG DISCOVERY PHYSICOCHEMICAL PROPERTIES OF DRUGS halogen neutral Acid–Base Properties The human body is 70 to 75%
water, which amounts to approximately 51 to 55 L of water for a 160-lb (73-kg) individual. Discovery and development of the anticancer agent salinosporamide A (NPI-0052). Lovastatin is a natural product drug of this type, isolated from Penicillium brevecompactin and other organisms (3). Today, the subject of pharmacognosy is highly
interdisciplinary, and incorporates aspects of analytical chemistry, biochemistry, biosynthesis, biotechnology, ecology, ethnobotany, microbiology, molecular biology, organic chemistry, and taxonomy, among others (5). Thus, there seems to be a complex interplay between many marine host invertebrate animals and symbiotic microbes that inhabit
them, and it has been realized that several bioactive compounds previously thought to be of animal origin may be produced by their associated microorganisms instead (23). Paracelsus (1493–1541) glorified antimony and its salts in elixirs as cure-alls in the belief that chemicals could cure disease. 1.8) produced by A. Everolimus is an orally active
semisynthetic 40-O-(2-hydroxyethyl) derivative of rapamycin (also known as sirolimus) and was originally obtained from Streptomyces hygroscopicus. As the drug industry undergoes reform, drug companies are developing collaborations with academia for new sources of drug molecules. The characterization and classification of three different types
of opioid receptors, mu, kappa, and delta, by William Martin formed the basis of our current understanding of opioid pharmacology. Morphine-6-glucuronide: potency and safety compared to morphine. The ability of the ionized functional group to participate in an ion-dipole interaction with water (see the Water Solubility of Drugs section) enhances its
water solubility. Ledizet M, Harrison LM, Koski RA, et al. Deepwater collections of marine animals and plants have been made by dredging and trawling and through the use of manned and unmanned submersible vessels. 76. This type of technology has particular utility in systematic biology, genomics research, and biotechnology and should have
value in future natural products drug discovery (51,52). Vezina C, Kudelski A, Sehgal SN. In most figures where drug metabolism occurs the point of metabolism is highlighted in red with coloration of the functionality which has been changed. Considerable progress has been made in the development of cryogenic and capillary NMR probe technology,
for the determination of structures of submilligram amounts of natural products (47). LEMKE, PHD Associate Editors VICTORIA F. 1.2) is member of the glycylcycline class of tetracycline antibacterials and is the 9-tert-butylglycylamido derivative of minocycline, a semisynthetic derivative of chlortetracycline from Streptomyces aureofaciens. While the
game is admittedly dated at this point — it was released in 2010 — it continues to have an active fan base. Nature 2000;403:853–858. acuminata trees in mainland China, but also from the roots of Nothapodytes nimmoniana (formerly known as both Nothapodytes foetida and Mappia foetida), which is found in the southern regions of the Indian
subcontinent (81). It is usual to initially collect 0.3 to 1 kg of each dried plant sample and about 1 kg wet weight of a marine organism for preliminary screening studies (30). Williams Victoria F. Through rational molecular modifications based on an understanding of the structure of logical alternative tyrosine kinase targets, improved activity against
the platelet-derived growth factor receptor (PDGFR), epidermal growth factor receptor (EGFR) and vascular endothelial growth factor receptor (VEGFR) have been obtained. 90. Using the human genome, scientists with knowledge of Kaduse.com 12/9/2011 12:31:03 AM HISTORY AND EVOLUTION OF MEDICINAL CHEMISTRY the sequencing of
DNA and genes of various species have shown that some cancers are caused by genetic errors that direct the biosynthesis of dysfunctional proteins. It is used to treat 7 many types of cancer, primarily testicular, ovarian, bladder, lung, and stomach cancers. 33. A further consideration of the factors involved in the discovery of drugs from natural
products will be presented in the next section of this chapter. At present, many of the endemic (or native) species to these biodiversity “hot spot” areas have been reported to be undergoing massive habitat loss and are threatened with extinction, especially in tropical regions (26,27). Williams ; associate editors, Victoria F. When a basic functional
group is converted to the corresponding conjugate acid, it too becomes ionized. With the development of genetic engineering in the 1970s, new opportunities arose for making synthetic insulin that is chemically identical to human insulin. For most of the 20th century, the majority of drugs were discovered either by identifying the active ingredient in
traditional natural remedies, by rational drug design, or by serendipity. Coartemether is also known as artemisinin combination therapy and is registered in a large number of countries. In the early 1930s, chemists recognized the similarity of a large number of natural products including the adrenocortical steroids such as hydrocortisone. This skill
will be invaluable when, as practitioners, they are faced with a full gamut of therapeutic options to analyze in order to ensure the best therapeutic outcomes for their patients. Taxa endemic (native) to a particular country or region are generally of higher priority than the collection of pandemic weeds. It is the group of drugs used in the therapy of
hypercholesterolemia that has received the greatest success and financial reward for the pharmaceutical industry during the last two decades. Paclitaxel and camptothecin were each found to exhibit a unique mechanism of action for the inhibition of cancer cell growth, with paclitaxel shown to promote the OCH3 O O O HO S S OH N O OH N HN O O
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Potential cancer chemotherapeutic agents from marine, bacterial, plant, and fungal origin. A valuable approach is the large-scale screening of libraries of partially purified extracts from organisms (11). This compound is an inhibitor of histone deacetylase and was approved in the United States for the treatment of T-cell lymphoma (91). J Nat Prod
2005;68:1813–1820. Medicinal chemistry has advanced during the past several decades from not only synthesizing new compounds but to understanding the molecular basis of a disease and its control, identifying biomolecular targets implicated as disease-causing, and ultimately inventing specific compounds (called “hits”) that block the
biomolecules from progressing to an illness or stop the disease in its tracks. Why are secondary metabolites (natural products) biosynthesized? Taxonomy, fermentation, isolation, physico-chemical and biological properties, and antitumor activity. Even after the discovery of acetylcholine by Loewi and Navrati (3), which effectively dispensed with
Crum-Brown and Fraser’s concept of all quaternary ammonium compounds being muscle relaxants, this was still considered to be dogma and took a long time to refute. Kusari S, Zühlke S, Spiteller M. Atorvastatin (Lipitor) Kaduse.com 12/9/2011 12:31:03 AM HISTORY AND EVOLUTION OF MEDICINAL CHEMISTRY m m o o c c . 78. To maximize the
likelihood that the recollected sample will contain the bioactive compound of previous interest, the plant recollection should be carried out in the same location as the initial collection, on the same plant part, at the same time of the year (31). 97. Drug discovery from organisms is a “biology-driven” process, and as such, biologic activity evaluation is at
the heart of the drug discovery process from crude extracts prepared from organisms. Thomas L. Mini-Rev Organic Chem 2004;1:183–208. Methods in Biotechnology, Vol. It is estimated that there are about 250,000 addicts taking methadone in the United States. Combining HPLC-PDA-MS-SFENMR with circular dichroism for complete natural
product characterization in crude extracts: levorotatory gossypol in Thespesia danis. 18. Bevirimat is a semisynthetic 3′,3′-dimethylsuccinyl derivative of the oleananetype triterpenoid betulinic acid, which is found widely in the plant kingdom, including several species used in traditional Chinese medicine. 16. Because as many as 99% of known
microorganisms are not able to be cultivated under laboratory conditions, the technique of “genome mining” isolates their DNA and enables new secondary metabolite biochemical pathways to be exploited, leading to the possibility of producing new natural products (34). Combinatorial biosynthesis is a contemporary approach with the ability to
produce new natural product analogs, or so-called “unnatural” natural products, and these may be used to afford new drug candidates. The practice of medicinal chemistry. Calculation indicates that 80% of the molecules are in the acid (or protonated) form, leaving 20% in the conjugate base (ionized) form. D O U G L A S K I N G H O R N
Abbreviations CAM, complementary and alternative medicine CNS, central nervous system COPD, chronic obstructive pulmonary disease DSHEA, Dietary Supplement Health and Education Act GLP-1, glucagon-like peptide-1 HMG-CoA, 5-hydroxy-3-methylglutaryl– coenzyme A HPLC, high-performance liquid chromatography HTS, high-throughput
screening LC, liquid chromatography M6G, morphine-6-glucuronide MOA, memorandum of agreement MS, mass spectrometry INTRODUCTION “Pharmacognosy” is one of the oldest established pharmaceutical sciences, and the term has been used for nearly two centuries. Frederick G. O Lemke_Chap01.indd 24 OH OCH3 HO OH HO OH Resveratrol
Curcumin OH OH HO O OH O S O OH OH O S C N OH OH d-Sulforaphane Epigallocatechin-3-O-gallate FIGURE 1.6 Naturally occurring cancer chemopreventive agents. Biomedical applications of poisonous plant research. New advances in the biochemical and protein engineering aspects of this technique have led to a greater applicability than
previously possible (55). Zhang W, Tang Y. Although today cocaine is of greater historic than medicinal importance and is widely abused, few developments in the chemistry of local anesthetics can disclaim a structural relationship to cocaine (Fig. Stimulants and depressants were used to modify the mood and mental states of psychiatric patients.
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Foye's Principles of Medicinal Chemistry pdf free download Foye's Principles of Medicinal Chemistry 6th Edition History and Evolution of Medicinal Chemistry Just as in all fields of science, the history of medicinal chemistry is comprised of the ideas, knowledge, and available tools that have advanced contemporary knowledge. The development of
chromatographic techniques allowed the isolation and characterization of a multitude of hormones from a single gland. Everolimus. Podolsky ML. At about the same time, Goldstein reported the presence of peptide-like substances in the pituitary gland showing opiate-like activity. Taxol and taxane production by Taxomyces andreanae, an endophytic
fungus of Pacific yew. To thoroughly comprehend this relationship, calculate the percent ionization of an acidic functional group and a basic functional group at different pH values and carefully observe the trend. 1. Secondary metabolites may be investigated by a detection step such as MS after a separation step such as gas chromatography, HPLC,
or capillary electrophoresis (51). The hydrogen atom must be covalently bound to an electronegative atom, such as oxygen (O), nitrogen (N), sulfur (S), or selenium (Se). Telithromycin (Fig. However, by the middle of the 20th century, the chemical components of such crude drugs began to be studied in more detail. J Nat Prod 2007;70:689–710. This
shape is determined by the core framework of the molecule and the relative orientation of functional groups in three dimensional space. Science 2002;298:989. Williston, VT: Harwood Academic, 1997. Koehn FE. At that time, an alcoholic solution of opium, known as laudanum, was the method of administration. The concept of pKa not only describes
relative acid–base strength of functional groups, O O F N F CO2H N N H N H Stomach (pH 1.0–3.5) COO N H N H Colon (pH 5.6–7) FIGURE 2.5 Predominate forms of ciprofloxacin at two different locations within the gastrointestinal tract. The Enchanted Ring: The Untold Story of Penicillin. Researchers at that time were investigating glucocorticoid
antagonists for the treatment of breast cancer, glaucoma, and Cushing syndrome. These herbal products should be free of adulteration (the deliberate addition of nonauthentic plant material or of biologically active or inactive compounds), as well as free of other additives such as herbicides, pesticides, heavy metals, solvent residues, and microbial
and biologic contaminants (101,102). 30. Such a multidisciplinary approach is the key to the discovery of modern medicines today. Rini B, Kar S, Kirkpatrick P. In the case of a large plant (tree or shrub), it is typical to collect up to about four different organs or plant parts, since it is known that the secondary metabolite composition may vary
considerably between the leaves, where photosynthesis occurs, and storage or translocation organs such as the roots and bark (31). The early explorers found that the South American Indians also chewed coca leaves (containing cocaine) and used mushrooms (containing methylated tryptamine) as hallucinogens. Alfred Burger (1) stated that “…the
great advances of medicinal chemistry have been achieved by two types of investigators: those with the genius of prophetic logic, who have opened a new field by interpreting correctly a few well-placed experiments, whether they pertained to the design or the mechanism of action of drugs; and those who have varied patiently the chemical structures
of physiologically active compounds until a useful drug could be evolved as a tool in medicine.” To place the development of medicinal chemical research into its proper perspective, one needs to examine the evolution of the ideas and concepts that have led to our present knowledge. Principles of medicinal chemistry Includes bibliographical
references and indexes. Collip and the pharmaceutical industry, purified and produced animal-based insulin in large quantities. For the next 60 years, cattle and pigs were the major sources of insulin. Morphine was first isolated in pure crystalline form from opium by the German apothecary, Fredrick W. A series of studies in the 1960s at Rockefeller
University by Vincent Dole and his wife, Marie Nyswander, found that methadone could also be a viable maintenance treatment to keep addicts from heroin. Arlt VM, Stiborova M, Schmieser HH. High impact technologies for natural products screening. You can comfortably play solo all the way up to level 60. Lessons from natural molecules. 1.3). The
drug rimonabant was an endocannabinoid antagonist developed by the French pharmaceutical company Sanofi-Aventis, and although it was approved initially for promoting weight loss, it has subsequently been removed from the market. 67. Many clinical trials on these products have been conducted in Europe, and some are occurring in the United
States under the sponsorship of the National Institutes of Health. The chemist as astronaut: searching for biologically useful space in the chemical universe. Edinburgh, UK: Churchill Livingstone, 2004. The authors, editors, and publisher have exerted every effort to ensure that drug selection and dosage set forth in this text are in accordance with the
current recommendations and practice at the time of publication. 107. Meta-analysis of the efficacy and safety of Sativex (nabiximols), on spasticity in people with multiple sclerosis. 80. Deslanoside (deacetyllanatoside C) is a hydrolysis product of the D. 12. 5). w w wwww Kaduse.com Relative Acid Strength (pKa) Strong acids and bases completely
donate (dissociate) or accept a proton in aqueous solution to produce their respective conjugate bases and acids. 106. (⫺)-Δ9-trans-Tetrahydrocannabinol(tetrahydrocannabinol [THC]) is the major psychoactive (euphoriant) constituent of marijuana (Cannabis sativa). We recognize that this approach might occasionally omit some compounds viewed by
practitioners as drugs of choice within a class or the formulary entry at their practice sites. neutral functional groups are shown in Table 2.3. Quaternary ammonium compounds are neither acidic nor basic and are not electrically neutral. Boca Raton, FL: Taylor & Francis/ CRC Press, 2005:215–240. Endo’s bosses were unenthusiastic about his
discovery and discouraged further research with this compound. Other functional groups that are basic are shown in Table 2.2. As with the acidic groups, it is important to become familiar with these functional groups and their relative strengths. J Nat Med 2008;62:263–280. Robbers JC, Tyler VE. Clardy J, Walsh C. The epothilones are derived from
the terrestrial myxobacterium Sorangium cellulosum also because they are prominent lead compounds for synthetic optimization. A crucial aspect of the organism collection process is to deposit voucher specimens representative of the species collected in a central repository such as a herbarium or a museum, so that this material can be accessed by
other scientists, in case of need. Marshall / Stephen K Bangert 2012 Laurence A. 41. Bivalirudin is a specific and reversible direct thrombin inhibitor that is administered by injection and is used to reduce the incidence of blood clotting in patients undergoing coronary angioplasty. References 1. Recent success stories in oncology demonstrate that the
field of pharmacogenetics has progressed substantially. Bruns 2008 Donald Voet / Judith G. Henkel T, Brunne RM, Muller H, et al. p. 20: Natural Products Isolation, 2nd Ed. Totowa, NJ: Humana Press Inc., 2005:297–321. In drug discovery, toxicogenomics is used to improve the safety of drugs mandated by U.S. Food and Drug administration by
studying the adverse/toxic effects of drugs in order to draw conclusions on the toxic and safety risk to patients. Of these, the largest numbers of organisms are found for arthropods, inclusive of insects (∼950,000 species), with only a relatively small proportion (5%) of the estimated 1.5 million fungi in the world having been identified. SARs are the
underlying principle of medicinal chemistry. Examples of a number of discoveries of important drugs in use today are recounted as “case studies” in the drug discovery process and are described in more detail in the following chapters. The “paradox” that resulted after the discovery of acetylcholine—how one chemical group can produce two different
biologic effects (i.e., muscle relaxation and muscle contraction)—was explained by Ing (6) using the actions of acetylcholine and tubocurarine as his examples (see also Chapter 9). Stierle A, Strobel G, Stierle D. Bioassay for the identification of natural product-based activators of peroxisome proliferator-activated receptor-γ (PPARγ): the marine sponge
metabolite psammaplin A activates PPARγ and induces apoptosis in human breast cancer cells. With the collaboration of Akira Yamamoto, a physician treating patients with extremely high cholesterol due to a genetic defect, Endo prepared samples of his drug, and it was administered to an 18-year-old CH3 HO COOCH3 H H2N O H CO2C2H5 O O O
Cocaine HO O O O H N H N HO R F H Benzocaine CH3 CO2H OH H OH H H O HO CO2H O H 2N CO2(CH2)2N(C2H5)2 NHCOCH 2N(C2H5)2 CH3 Procaine Lidocaine FIGURE 5 Synthetic local anesthetics development based on the structure of cocaine. Preparation of Initial Extracts and Preliminary Biologic Screening Although different laboratories
tend to adopt different procedures for initial extraction of the source organisms being investigated, it is typical to extract initially terrestrial plants with a polar solvent like methanol or ethanol, and then subject this to a defatting (lipid-removing) partition with a nonpolar solvent like hexane or petroleum ether, and then partition the residue between a
semipolar organic solvent, such as chloroform or dichloromethane, and a polar aqueous solvent (31). Therefore, while natural product researchers tend to specialize in the major types of organism on which they work, it is reasonable to expect that the future investigation of all of their major groups mentioned earlier will provide dividends in terms of
affording new prototype biologically active compounds of use in drug discovery. Siemann DW, Chaplin DJ, Walicke PA. The initial source plant of camptothecin, Camptotheca acuminata, is a rare species found in regions south of the Yangtze region of the People’s Republic of China. The challenge for the student is to master the chemical,
pharmacological, pharmaceutical and therapeutic aspects of the drug and utilize the knowledge of medicinal chemistry to effectively communicate with prescribing clinicians, nurses and other members of the health care team, as well as in discussing drug therapy with patients. The quality of this “fit” has a direct impact on the biologic response
produced. According to the Brönsted-Lowry Theory, an “acid” is any substance capable of yielding a proton (H+), and a “base” is any substance capable of accepting a proton. The compound was named chlordiazepoxide and marketed as Librium in 1960, just 3 years after the first pharmacologic observations by Randall. example, it has been found
that co-effectors such as certain procyanidins present in St. John’s wort (Hypericum perforatum) can increase the bioavailability of hypericin (Fig. Zhanel GG, Wiebe R, Dilay L, et al. Suh WH, Suslick KS, Suh Y-H. Mol Cancer Ther 2010;9:2157–2163. Painter, PharmD, CDE University of California, San Diego Skaggs School of Pharmacy and
Pharmaceutical Science La Jolla, CA Autumn Stewart, PharmD Duquesne University School of Pharmacy Pittsburgh, PA Thomas L. Even though Crum-Brown and Fraser’s initial hypothesis that related chemical structure with action as a muscle relaxant was incorrect, it demonstrated the concept that molecular structure influences the biologic activity
of chemical entities and that alterations in structure produce changes in biologic action. Natural products as tools for neuroscience: discovery and development of novel agents to treat drug abuse. J Pharm Pharmacol 2001;53:135–148. WILLIAM ZITO, PHD Professor Emeritus of Chemistry Massachusetts College of Pharmacy and Health Sciences
Boston, Massachusetts Professor Pharmaceutical Sciences College of Pharmacy and Allied Health Professions St. John’s University Jamaica, New York 12/17/2011 3:35:07 PM Acquisitions Editor : David Troy Product Managers : Andrea M. Roche, PhD Creighton University School of Pharmacy and Health Professions Omaha, NE Timothy Maher, PhD
Massachusetts College of Pharmacy and Health Sciences School of Pharmacy Boston, MA David A. Hoboken, NJ: John Wiley & Sons, 2005. Bevirimat: a novel maturation inhibitor for the treatment of HIV-1 infection. Then, beginning about 500 years ago, information on medicinal plants began to be documented in herbals. Vol. However, there is ample
potential for much greater utilization of natural product–derived compounds in the treatment or prophylaxis of such major worldwide scourges as HIV/AIDS, tuberculosis, hepatitis C, and tropical diseases (e.g., lymphatic filariasis, leishmaniasis, schistosomiasis). Such products are regulated by the U.S. Food and Drug Administration as foods rather
than drugs and must adhere to requirements regarding product labeling and acceptable health claims (101). Berg John /L. William Zito, PhD Kaduse.com Lemke_FM.indd ix 12/17/2011 3:35:08 PM Kaduse.com Lemke_FM.indd x 12/17/2011 3:35:09 PM Contributors Ali R. The combination of mifepristone and misoprostol is more than 90% effective. In
screening RU-486, researchers at Rousel-Uclaf found that it had both antiglucocorticoid activity as well as high affinity for progesterone receptors where it could be used for fertility control. Harvison, PhD University of the Sciences in Philadelphia Philadelphia College of Pharmacy Philadelphia, PA Małgorzata Dukat, PhD Virginia Commonwealth
University School of Pharmacy Richmond, VA Sunil S. Mullin R. Shortly thereafter, Randall reported that this compound was hypnotic and sedative and had antistrychnine effects similar to those of meprobamate. Madabushi R, Frank B, Drewelow B, et al. For example, compounds that are muscle relaxants that act via the cholinergic nervous system
possess a quaternary ammonium or protonated tertiary ammonium group and are larger than acetylcholine (compare acetylcholine in Fig. Cambridge, MA: Harvard University Press, 1998. In Kaduse.com 12/9/2011 12:31:02 AM 5 HISTORY AND EVOLUTION OF MEDICINAL CHEMISTRY Paris, France, Pierre Fluorens tested both chloroform and
ethyl chloride as anesthetics in animals. 1.8) in St. John’s wort (Hypericum perforatum) products has been found to induce cytochrome P450 enzymes (in particular CYP34A), leading to decreased plasma concentrations of prescription drugs that may be coadministered, such as alprazolam, cyclosporin, digoxin, indinavir, irinotecan, simvastatin, and
warfarin, as well as oral contraceptives (106). Impact of natural products on developing new anti-cancer agents. In which compartment (stomach [pH 1] or intestine [pH 6 to 7]) will each of these two drugs be best absorbed? Ing hypothesized that both acetylcholine and tubocurarine act at the same receptor, but that one molecule fits to the receptor
in a more complementary manner and “activates” it, causing muscle contraction. 58. Cocaine had been isolated from the plant by the Swedish chemist Albert Niemann at Gothenburg University in 1860. Provide a rationale for your selection that includes appropriate structural properties. At present, there remains much interest also in the discovery
and development of drugs from marine animals and plants. Provide a rationale that includes an acid–base assessment. Talele, PhD St. John’s University College of Pharmacy and Allied Health Professions Queens, NY Kaduse.com 12/17/2011 3:35:09 PM CONTRIBUTORS Robin Zavod, PhD Midwestern University, Chicago College of Pharmacy Chicago,
IL David Hayes, PharmD University of Houston College of Pharmacy Houston, TX S. Online play is possible through PC, Xbox One, PlayStation 4, iOS and Android devices.Photo Courtesy: Bloomberg/Getty Images Hearthstone: Heroes of Warcraft Hearthstone: Heroes of Warcraft is a free online game modeled after the Magic: The Gathering card
game. Ueda H, Nakajima H, Hori Y, et al. Banting and Charles H. For an average drug molecule with a molecular weight of 200 g/mol and a dose of 20 mg, this leads to a solution concentration of approximately 2 × 10−6 M (2 mM). Cox 2013 Martin A Crook 2012 Gerhard Meisenberg / William H. Compound Development A major challenge in the
overall natural products drug discovery process is to obtain larger amounts of a biologically active compound of interest for additional laboratory investigation and potential preclinical development. Exenatide is a synthetic version of a 39-amino acid peptide (exenatide-4), produced by a lizard native to the southwest United States and northern
Mexico, called the Gila monster, Heloderma suspectum, and acts in the same manner as glucagon-like peptide-1 (GLP-1), a naturally occurring hormone. 8. The 19th Century: Age of Innovation and Chemistry The 19th century saw a great expansion in the knowledge of chemistry, which greatly extended the herbal pharmacopeia that had previously
been established. Drugs Affecting Renal and Cardiovascular Function Included in this category are drugs used in the treatment of myocardial ischemia, congestive heart failure, various arrhythmias, and hypercholesterolemia. Cambridge, UK: RSC Publishing, 2010:215–241. Fatty acids and other lipids may largely be removed from more polar natural
product extracts, using the defatting solvent partition stage mentioned earlier (38). Title: Principles of medicinal chemistry. The discovery of the statins can be credited to Akira Endo, a research scientist at Sankyo Pharmaceuticals in Japan (3). The urgency to perform this type of work cannot be understated in view of the increasing erosion of natural
resources that will accelerate as the 21st century progresses. Ready for a comeback of natural products in oncology. Natural products have been a fruitful source of antifungal agents in the past, with the echinocandins being a new group of lipopeptides introduced recently (73). Cambridge, UK: RSC Publishing, 2010:321–354. 42. 64. Ehrlich also
discussed selectivity SELECTIVITY OF DRUG ACTION AND DRUG RECEPTORS Although the structures of many drugs or xenobiotics, or at least their functional group composition, were known at the start of the 20th century, how these compounds O HO O H3C O CH3 N CH3 CH3 Kaduse.com FIGURE 2.2 Acetylcholine, a neurotransmitter and
muscle relaxant. For example, mineral acids, such as hydrochloric acid (HCl), or bases, such as sodium hydroxide (NaOH), undergo 100% dissociation in water, with the equilibrium between the ionized and un-ionized forms shifted completely to the right (ionized), as shown in Equations 2.3 and 2.4: Lemke_Chap02.indd 33 Eq. 2.4 NaOH + H2O  Na ⊕
+ OHΘ + H2O Acids and bases of intermediate or weak strength, however, incompletely donate (dissociate) or accept a proton, and the equilibrium between the ionized and un-ionized forms lies somewhere in the middle, such that all possible species can exist at any given time. A corollary to this is that structural elements (functional groups) within a
molecule most often contribute in an additive manner to the physicochemical properties of a molecule and, therefore, to its biologic Lemke_Chap02.indd 31 31 action. To request permission, please contact Lippincott Williams & Wilkins at Two Commerce Square, 2001 Market Street, Philadelphia, PA 19103, via email at [email protected], or via
website at lww.com (products and services). Novo Nordisk was also using recombinant technology to produce insulin. This includes chapter authors, clinicians who wrote both the clinical significance sections and scenarios, and to Victoria Roche and Sandy Zito for creation of the exciting and educational case studies. The learner, most commonly in
the role of the pharmacist, evaluates the patient’s clinical and personal situation and makes a drug product selection from a limited number of therapeutic choices. Best, working in the laboratory of John J.R. McLeod at the University of Toronto, isolated the peptide hormone and began testing it in dogs. Creating new drugs to combat disease is a
complex process. Pharmaceutical discoveries based on ethnomedicinal plants: 1985 to 2000 and beyond. Another compound with this same type of use and that also acts by the inhibition of T-cell activation is the macrolide tacrolimus (FK-506) from Streptomyces tsukubaensis (3). 50. In addition to the penicillins, other classes of antibacterials that
have been developed from natural product sources are the aminoglycosides, cephalosporins, glycopeptides, macrolides, rifamycins, and tetracyclines. 52. Even though the energy associated with each hydrogen bond is small (1 to 10 kcal/mol/bond), it is the additive nature of multiple hydrogen bonds that contributes to the overall water solubility of a
given drug molecule. 3). Clement JA, Yoder BJ, Kingston DGI. Williams, PhD Massachusetts College of Pharmacy and Health Sciences School of Pharmacy Boston, MA Ahmed S. N E U M E Y E R The unprecedented increase in human life expectancy, which has almost doubled in a hundred years, is mainly due to drugs and to those who discovered
them (1). He postulated that certain “side chains” on the surfaces of cells were “complementary” to the dyes (or drug) and suggested that the two could therefore interact with one another. Agents for organ imaging. Nat Rev Drug Discov 2004;3:643–644. Wall and Masukh C. This type of interaction is also important in the interaction between a drug
and its biologic target (e.g., receptor). He quickly realized that cocaine was an effective, nonirritating anesthetic for the eye, leading to the widespread use of cocaine in both Europe and the United States. Kim 2010 Michael L. A major achievement in drug discovery and development was the discovery of insulin in 1921 from animal Lemke_Historical
Perspective.indd 3 I HO I I O O C OH HO I I O NH2 I O C OH NH2 I L-Thyroxine (T 4) L-Liothyronine (T 3) S S Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly-NH 2 Vasopressin S S Cys-Tyr-Iie-Gln-Asn-Cys-Pro-Leu-Gly-NH2 Oxytocin FIGURE 2 Hormones from the endocrine glands. G.D. Searle was the first on the market with Enovid, a combination of mestranol
and norethynodrel. 100. Materials appearing in this book prepared by individuals as part of their official duties as U.S. government employees are not covered by the above-mentioned copyright. Kaduse.com 12/9/2011 1:35:42 AM 22 PART I / PRINCIPLES OF DRUG DISCOVERY H2N NH OH O O HO NH H2N N HN O HO NH O HO H N N H O O OH
HOOC H O O H N N COOH H 2 CH3CO2H OH Bevirimat OH O Anticancer Agents HO Caspofungin Malaria remains a parasitic scourge that is still extending in incidence. A step like this is essential to prioritize the resources available to a research program, so that the costly stage of bioassay-directed fractionation on a promising lead crude extract
can be devoted to the discovery of biologically active agents representing new chemotypes (46,50). Galanthamine from snowdrop: the development of a modern drug against Alzheimer’s disease from local Caucasian knowledge. In addition to their use as drugs, the constituents of plants have afforded poisons for darts and arrows used in hunting and
euphoriants with psychoactive properties used in rituals. Organic salts are composed of a drug molecule in its ionized form and an oppositely charged counterion. Kaduse.com Lemke_Historical Perspective.indd 10 12/9/2011 12:31:03 AM Part I PRINCIPLES OF DRUG DISCOVERY CHAPTER 1 Drug Discovery from Natural Products 13 CHAPTER 2
Drug Design and Relationship of Functional Groups to Pharmacologic Activity 29 CHAPTER 3 Physicochemical and Biopharmaceutical Properties of Drug Substances and Pharmacokinetics CHAPTER 4 Drug Metabolism 106 CHAPTER 5 Membrane Drug Transporters 191 CHAPTER 6 Pharmaceutical Biotechnology 210 CHAPTER 7 Receptors as
Targets for Drug Discovery 263 CHAPTER 8 Drug Discovery Through Enzyme Inhibition 283 61 Kaduse.com Lemke_Chap01.indd 11 12/9/2011 1:35:39 AM Kaduse.com Lemke_Chap01.indd 12 12/9/2011 1:35:40 AM Chapter 1 Drug Discovery from Natural Products A. An area of investigation of great potential expansion in the future will be on other
microbes, particularly of actinomycetes and cyanobacteria of marine origin, especially if techniques can continue to be developed for their isolation and culturing in the laboratory (33). Players engage in an epic battle to be the last one standing in a game of intense yet zany combat gun and melee combat. 63. The chemistry of morphine and the other
opium alkaloids obtained from Papaver somniferum has fascinated and occupied chemists for over 200 years, resulting in many synthetic analgesics available today (see Chapter 20). The term “pharmacognosy” is defined on the Web site of the American Society of Pharmacognosy (www.phcog.org) as “the study of the Lemke_Chap01.indd 13 NCE,
new chemical entity NMR, nuclear magnetic resonance PVP, polyvinylpyrrolidone SCE, single chemical entity SPE, solid-phase extraction THC, tetrahydrocannabinol UNCLOS, United Nations Convention on the Law of the Sea physical, chemical, biochemical, and biological properties of drugs, drug substances, or potential drugs or drug substances of
natural origin, as well as the search for new drugs from natural sources.” There seems little doubt that humans have used natural drugs since before the advent of written history. 4. Although a number of highly effective stereoselective synthetic pathways have been developed, it is unlikely that a commercial process can compete with its isolation
from the poppy. Cambridge, UK: RSC Publishing, 2010:374–391. This compound is now undergoing clinical trials as a potential HIV maturation inhibitor (77,78). 46. Cragg GM, Grothaus PG, Newman DJ. The pharmacist has the responsibility for improving the quality of life of the patient by assuring the appropriate use of pharmaceuticals. The next
wave in biopharmaceuticals. Leo Sternback, a chemist working in the research laboratory of Hoffman-La Roche in New Jersey, decided to reinvestigate a relatively unexplored class of compounds that he had studied in the 1930s when he was a postdoctoral fellow at the University of Cracow in Poland. Nakao Y, Fusetani N. Considering the rewards
are fighting orcs in Mordor and protecting pies from hungry hobbits in equal measure, the rewards are well-worth it. Pinball Arcade While there are many pinball games out there to choose from, Pinball Arcade is special in that it attempts to recreate actual pinball machines so that you can play them from the comfort of your home. However, there is
a widespread perception that the resupply of the source organism of a secondary metabolite of interest may prove problematic and will consequently hinder the timely, more detailed, biologic evaluation of a compound available perhaps only in milligram quantities initially. Lemke_FM.indd vii Medicinal chemistry is central to modern drug discovery
and development. as a result of an unequal sharing of electrons between the two atoms within a covalent bond. On occasion, a natural lead compound may help elucidate a new mechanism of interaction with a biologic target for a disease state under investigation. William Zito. At about the same time, Novo Nordisk began selling the first
semisynthetic human insulin made by enzymatically converting porcine insulin. Recombinant insulin was a significant milestone in the development of genetically engineered drugs and combined the technologies of the biotech companies with the know-how and resources of the major pharmaceutical industries. Not all of these products have a
welldocumented efficacy, however. Pharmacognosy in the 21st century. The last 25 years have seen an enormous advance in the Lemke_Historical Perspective.indd 9 9 understanding of critical cellular processes, leading to a more rationally designed approach in drug discovery. Joseph von Merring, on the assumption that a structure having a carbon
atom carrying two ethyl groups would have hypnotic properties, investigated diethyl acetyl urea, which proved to be a potent hypnotic. Cambridge, UK: RSC Publishing, 2010:81–139. Molecules with widely differing pharmacologic properties, such as strychnine (a convulsant), morphine (an analgesic), nicotine (a deterrent, insecticide), and atropine
(an anticholinergic), could be converted to muscle relaxants with properties similar to those of tubocurarine when methylated (Fig. Thus, instead of synthesizing a single compound, combinatorial chemistry exploits automation and miniaturization to synthesize large libraries of compounds. 103. Such studies are referred to as structure–activity
relationships (SARs)—that is, the relationship of how structural features of the molecule contribute to, or take away from, the desired biologic activity. It was only in January of 2006 that Endo received the Japan Prize, considered by many to be equivalent to the Nobel Prize. CC0/EvanLee/Pixabay Lord of the Rings Online Lord of the Rings Online may
have been released in 2007, but while many other MMOs from that time have fallen by the wayside, this game continues on, in part because it appeals to hardcore fans. Humolle and T. This compound is a synthetic, 20-amino acid peptide and was modeled on hirudin, a substance present in the saliva of the leech, Haementeria officinalis (57,58).
Daemmrich A, Bowden ME. Nahrstedt A, Butterweck V. 4) was synthesized by the Bayer Pharmaceutical Company and introduced to the market under the name Luminol. With the discovery by Crum-Brown and Fraser that quaternary ammonium groups could produce molecules with muscle relaxant properties, scientists began to look for other
functional groups that produce specific biologic responses. The epothilones: an outstanding family of anti-tumor agents. To purchase additional copies of this book, call our customer service department at (800) 638-3030 or fax orders to (301) 223-2320. Drugs such as Merck’s lovastatin (Mevacor) and Pfizer’s atorvastatin (Lipitor) are a huge success
(Fig. Challis GL. It is no surprise, then, that drug researchers are focusing on developing compounds that either act as agonists or antagonists of the endocannabinoids. Random screening has been a source of new drugs for several decades. Library of Congress Cataloging-in-Publication Data Foye’s principles of medicinal chemistry / edited by Thomas
L. 84. The echinocandidins: total and semi-synthetic approaches to antifungal drug discovery. 49. Surh Y-J. Both molecules contain acidic functional groups, with PABA containing an aromatic carboxylic acid and sulfanilamide an aromatic sulfonamide. New aspects of natural products in drug discovery. Steinbeck C. Exp Rev Endocrinol Metab
2008;6:671–690. The story of his research and the discovery of lovastatin are not typical but often escape attention. It is the responsibility of the health care provider to ascertain the FDA status of each drug or device planned for use in their clinical practice. The effectiveness of new and old drugs to treat disease and to monitor Lemke_Historical
Perspective.indd 8 the response to therapies is now being routinely used in the drug discovery process. Further testing in nine patients led to an average of 27% lowering of cholesterol. Lemke_Historical Perspective.indd 6 R = H; Compactin (Mevastatin) R = CH3; Lovastatin (Mevacor) FIGURE 6 Pravastatin (Pravachol) The first statins. The
endophytic fungi that reside in the tissue of living plants have been found to produce an array of biologically interesting new compounds and are worthy of more intensive investigation (35). This, together with more sensitive radiation detection instruments and cameras, made it possible to study many organs of the body such as the liver, kidney, lung,
and brain. Building on the work of Antoine Lavoisier, chemists throughout Europe refined and extended the techniques of chemical analysis. Mora FD, Jones DK, Desai PV, et al. w w wwww Old Drugs as Targets for New Drugs SH N H N Cl Pt N 6-Mercaptopurine NH H3C H3C O O O CH3 OH CH3 CH3 O OH OH H3C O O O Paclitaxel (Taxol) FIGURE
7 Anticancer drugs. 79. 91. Kaduse.com Lemke_Chap01.indd 28 12/9/2011 1:35:43 AM Chapter 2 Drug Design and Relationship of Functional Groups to Pharmacologic Activity R O B I N M. Inhaled insulin was approved by the FDA in 2006. Baltz RH. By 1982, Lilly’s Humulin became the first genetically engineered drug approved by the U.S. Food and
Drug Administration (FDA). With Endo’s interest and background, he searched for fungi that would block this enzyme. The discoveries briefly described are in large measure due to the increased sophistication brought to bear in the isolation, identification, structure determination, and synthesis of the active ingredients of the drugs used empirically
hundreds of years ago. Photo Courtesy: Suzi Pratt/Getty Images While the game remains one of the biggest names in e-sports, Dota 2 has seen a decline in player numbers since its release in 2013. New York: Wiley, 1970:4–9. Renslo AR. Chloroform had also been used as an anesthetic at St. Bartholomew’s Hospital in London. 1.7) (17,18). Int J
Antimicrob Agents 2008;32(Suppl 4):S215–S222. 22. 21. The discovery of these drugs was based on observations of effects on the behavior of animals used in screening bioassays. Penicillin V potassium is drawn in its salt form, whereas codeine phosphate is not. Dewick PM. One derivative now in late clinical trials as a pain treatment is morphine-6glucuronide (M6G), the major active metabolite of morphine, with fewer side effects than the parent compound (18,62). FR901228, a novel antitumor bicyclic depsipeptide produced by Chromobacterium violaceum no. In 2004, Lipitor was the world’s top selling drug, with sales of more than $10 billion. More detailed treatises with many more
examples of natural product drugs are available (e.g., see references 1–4). 1.2), isolated from Streptomyces cattleya. 7) was really the first effective leukemia drug developed by George Hitchings and his technician, Gertrude Elion, who, working together at Burroughs Wellcome Research Laboratories, shared the Nobel Prize in 1988. Because this
compound is poorly soluble in water, a number of derivatives have been produced with improved formulation, including arteether and artemether. Drug Discov Today 2008;13:894–901. We also thank our respective academic institutions for the use of institutional resources and for the freedom to exercise the creative juices needed to bring new ideas
to a textbook in medicinal chemistry. To exemplify this, there may be more tree species in a relatively small area of a tropical rainforest than in the whole of the temperate regions of North America. Altmann K-H, Höfle G, Müller R, et al. Cannabis is no exception in this respect, with the last 60 years producing the necessary know-how in the chemistry
of the cannabis constituents so that chemists could devise practical and novel synthetic schemes to provide the pharmacologists with pure substances. Antagonists to these peptide molecules are usually smaller in size. Phenytoin (also known as diphenylhydantoin or Dilantin) (Fig. 2) Less than 50 years after the discovery of oxytocin by Henry Dale in
1904, who found that an extract from the human pituitary gland contracted the uterus of a pregnant cat, the biochemist Vincent du Vigneud synthesized the cyclic peptide hormone. Of the types of organisms producing natural products, terrestrial microorganisms have been found to afford the largest number of compounds currently used as drugs for
a wide range of human diseases, and these include antifungal agents, the “statin” cholesterol-lowering agents, immunosuppressive agents, and several anticancer agents (6,7). Faculty employing the cases as in-class or take-home assignments might alter the structural choices provided to meet their teaching and learning goals, and this is certainly
acceptable. Hyperforin in St. John’s wort drug interactions. Piel J. Trease and Evans Pharmacognosy, 16th Ed. New York: SaundersElsevier, 2009. A Viennese ophthalmologist, Carl Koller, had O H N O H N NH O NH O O Phenobarbital FIGURE 4 Phenytoin Kaduse.com Examples of an early hypnotic and anticonvulsant. Banijamali, PhD Ironwood
Pharmaceuticals Cambridge, MA Raymond G. 27 72. Cragg GM, Kingston DGI, Newman DJ, eds. Molinski TF, Dalisay DS, Lievens SL, et al. Current research efforts are now focused not only on discovering new biologically active compounds using ever increasingly sophisticated technology, but also on gaining a better understanding of how and where
drugs exert their effects at the molecular level. Based on your assessment of each agent’s ability to cross the blood–brain barrier (and, therefore, potentially cause drowsiness), provide a rationale for whether the truck driver should be taking Zyrtec or Tavist. We hope you find these case studies both challenging and enjoyable, and we encourage you
to use them as a springboard to more in-depth discussions with your faculty and/or colleagues about the role of chemistry in rational therapeutic decision-making. A more widely used drug used today is digoxin, a constituent of Digitalis lanata, which has a rapid action and is more rapidly eliminated from the body than digitoxin. Drugs of Natural
Origin. Mi Q, Pezzuto JM, Farnsworth NR, et al. Kaduse.com 12/9/2011 1:35:41 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS Thus, it is generally recognized that the secondary metabolites of organisms afford a source of small organic molecules of outstanding chemical diversity that are highly relevant to the contemporary drug
discovery process. Williams Marketing Manager : Joy Fischer-Williams Designer : Doug Smock Compositor : SPi Global Seventh Edition Copyright © 2013 Lippincott Williams & Wilkins, a Wolters Kluwer business 351 West Camden Street Two Commerce Square Baltimore, MD 21201 2001 Market Street Philadelphia, PA 19103 Printed in China All
rights reserved. An Instructor’s Resource Center at . Lippincott Williams & Wilkins customer service representatives are available from 8:30 am to 6:00 pm, EST. Provide a rationale for your answer. Today, dried foxglove leaves are processed to yield digoxin much like the procedure used by Withering. In Foye WO, Lemke TL, Williams DA, eds. When
considering the solution behavior of a drug within the body, we are dealing with a dilute solution, for which the Brönsted-Lowry (8) acid–base theory is most appropriate to explain and predict acid–base behavior. Similar molecules exert similar biologic actions in a qualitative sense. OH OH In the category of anti-Alzheimer disease agents, galantamine
hydrobromide is a selective acetylcholinesterase inhibitor that slows down neurologic degeneration by inhibiting this enzyme and by interacting with the nicotinic receptor (67). Knittel, PhD Western New England College School of Pharmacy Springfield, MA Bridget L. Bivalirudin: in patients with ST-segment elevation myocardial infarction. It is
evident that many of the examples shown reflect considerable structural complexity and that the compounds introduced to the market have been obtained from organisms of very wide diversity. Caution also needs to be expressed in regard to common saturated and unsaturated fatty acids that might be present in natural product extracts, because
these may interfere with various enzyme inhibition and receptor binding assays. Molinski TF. Stringent criteria must be followed in the manufacture and quality control of this product, and it was subjected to rigorous clinical trials (107). Unfortunately these compounds were toxic not only to the target organism, but also to the host once certain blood
levels of arsenic were achieved. Therapeutic agents for Alzheimer’s disease. As a result of the success of imatinib, scientists are modifying their drug discovery and development strategies to one that considers the patient’s genes, without abandoning the more traditional drugs. Over the last 15 years, there has been a large influx of botanical products
into community pharmacy practice and health food stores in the United States as a result of the passage of the Dietary Supplement Health and Education Act (DSHEA) in 1994. Reporter gene assays and their applications to bioassays of natural products. 28. Many of those who shepherded this book through the complex process of publication worked
behind the scene and are not known to us, but we specifically acknowledge Andrea M. Kaduse.com Lemke_Chap01.indd 27 12/9/2011 1:35:43 AM 28 PART I / PRINCIPLES OF DRUG DISCOVERY 102. They are used as centrally acting muscle relaxants, for premedication, and as inducing agents in anesthesiology. 17. Pelley 2012 William J. Basel,
Switzerland: Birkhäuser Verlag, 2008:175–210. In this chapter, functional group characteristics are discussed as a means to better understand overall drug molecule absorption, distribution, metabolism, and excretion, as well as potential interaction with a biologic target. Microorganisms: their role in the discovery and development of medicines. This
provides support to the concept that the structure of a molecule, its composition and arrangement of functional groups, determines the type of pharmacologic effect that it possesses (i.e., SAR). Despite this, relatively few major Kaduse.com 12/9/2011 1:35:41 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS 21 Streptomyces
roseosporus, is produced by semisynthesis. 12/9/2011 12:31:02 AM 3 HISTORY AND EVOLUTION OF MEDICINAL CHEMISTRY encountered with phenothiazines. The field of nuclear medicine was founded with reactor-produced radioiodine for the diagnosis of thyroid dysfunction. 93. Each intramolecular hydrogen bond decreases water solubility
(and increases lipid solubility) because there is one less interaction possible with water. This macrolide antibiotic is used to treat bacteria that infect the lungs and sinuses, including communityacquired pneumonia due to Streptococcus pneumoniae (72). Burtis / David E. For example, the salt of a carboxylic acid is composed of the carboxylate anion
(ionized form of the functional group) and a positively charged ion (e.g., Na+) and the salt of a secondary amine is composed of the ammonium cation (ionized form of the functional group and a negatively charged ion; e.g., Cl−). Science 1993;260:214–217. We owe gratitude and admiration to those earlier scientists who had the imagination and
inspiration to develop drugs to cure so many illnesses. J Nat Prod 2002;65:1073–1081. Tigecycline (Fig. The intravenous (IV) technician in the hospital pharmacy gets an order for a patient that includes the two drugs drawn below. He subsequently won the Nobel Prize in Physiology or Medicine in 1950 for his discovery of the activity of cortisone.
Brueggemeier, PhD The Ohio State University College of Pharmacy Columbus, OH James T. Patanol is sold as an aqueous solution of the hydrochloride salt. Some drugs and medical devices presented in this publication have Food and Drug Administration (FDA) clearance for limited use in restricted research settings. Among the natural products that
have been studied for this purpose, there has been a renewed interest in the effects of the phytochemical components of the diet, and some of these compounds have been found to block cancer initiation (blocking agents) or reverse tumor promotion and/or progression (suppressing agents) (97). Because of the bitter disputes over the discovery of
chlorpromazine, no Nobel Prize was ever awarded for what has been the single most important breakthrough in psychiatric treatment (Fig. 38. Pitman NCA, Jørgensen PM. sources. Albert Niemann isolated cocaine in 1860, and in 1864, he isolated the active ingredient, physostigmine, from the Calabar bean. In 1940, Woods (7) demonstrated that
PABA reverses the antibacterial action of sulfanilamide (and other sulfonamide-based antibacterials) and that both PABA and sulfanilamide have similar steric and electronic properties. In 1957, during a cleanup of the laboratory, one compound synthesized 2 years earlier had crystallized and was submitted for testing to L.O. Randall, a
pharmacologist. Butler MS. 37. Rihn, PharmD Duquesne University School of Pharmacy Pittsburgh, PA Tanaji T. Kaduse.com 12/9/2011 12:31:03 AM 10 HISTORY AND EVOLUTION OF MEDICINAL CHEMISTRY Suggested Readings Djerassi C. 99. There is considerable interest in using cannabinoid derivatives based on THC for medicinal purposes,
but it is necessary to minimize the CNS effects of these compounds. 92. In the early 1930s, Russell Marker found that, for hundreds of years, Mexican women had been eating wild yams of the Dioscorea genus for contraception, with apparent success. Sticher O. Cisplatin is now the gold standard against which new medicines are compared.
Gunitalaka AAL. 14. For example, both the terpene lactone (e.g., ginkgolide B; Fig. From natural product to clinical trials: bevirimat, a plant-derived anti-AIDS drug. Daptomycin (Fig. Z AVO D AND J A M E S J. lanata constituent lanatoside C and is used for rapid digitalization (1–4). Trabectedin is an alkylating agent that binds to the minor groove of
DNA and blocks cells in the G2-M phase; it is used in Europe as second-line therapy for patients with soft tissue sarcoma (88,89). Daly JW, Spande TF, Garraffo HM. Lemke, PhD University of Houston College of Pharmacy Houston, TX John L. Use of the cardiac drug digoxin dates back to the folk remedy foxglove attributed to William Withering who,
in 1775, discovered that the foxglove plant, Digitalis purpurea, was beneficial to those suffering from abnormal fluid buildup. The illicit worldwide production of opium now exceeds the pharmaceutical production by almost 10-fold. exerted their effects was still a mystery. In 1993, the British weekly The Economist considered the pill to be one of the
seven wonders of the modern world, bringing about major changes in the economic and social structure of women globally. A promising new anticancer agent still in advanced clinical trials is combretastatin A4 phosphate, a watersoluble prodrug of combretastatin A4 from the South African plant, Combretum caffrum (94). Expert Rev Anticancer Ther
2010;10:997–1008. One need only peruse the structures of drug molecules in a particular pharmacologic class to become convinced (e.g., histamine H1 antagonists, histamine H2 antagonists, b-adrenergic antagonists). This information may be supplemented with data obtained by microbial biotransformation or the production of semisynthetic
analogs, to allow researchers to glean some initial information about the pharmacophoric site(s) of the naturally occurring molecule (10,11). Hallock YF, Cragg GM. ■ ■ ■ ■ ■ Mastery of the important concepts needed to be successful in the medicinal chemistry component of the pharmacy curriculum; An ability to identify the relevance of drug
chemistry to pharmacological action and therapeutic utility, and to discriminate between therapeutic options based on that understanding; An enhanced ability to think critically and scientifically about drug use; A commitment to caring about the impact of professional decisions on patients’ quality of life; The ability to demonstrate the unique role of
the pharmacist as the chemist of the health care team. 2.1 and 2.2): Eq. 2.1 CH3COOH + H2O  CH3COOΘ + H3O⊕ Acid Base Conjugate Conjugate (acetic acid) (water) Base Acid (acetate) (hydronium ion) Eq. 2.2 CH3 NH2 + H2O  CH3 NH3⊕ + ΘOH Base Acid Conjugate Conjugate (methylamine) (water) Acid Base (methylammionium ion) (hydroxide
ion) Note that when an acidic functional group loses its proton (often referred to as having undergone “dissociation”), it is left with an extra electron and becomes negatively charged. Curr Opin Investig Drugs 2002;3:545–549. Peterson CM. MORE FROM QUESTIONSANSWERED.NET Acclaimed by students and instructors alike, Foye's Principles of
Medicinal Chemistryis now in its Seventh Edition, featuring updated chapters plus new material that meets the needs of today's medicinal chemistry courses. Because hypercholesterolemia is regarded as one of the major risk factors for coronary heart disease, several semisynthetic and synthetic compounds modeled on the mevastatin structure
(inclusive of the dihydroxycarboxylic acid side chain) now have extremely wide therapeutic use, including atorvastatin, fluvastatin, pravastatin, and simvastatin. However, in a medicinal chemistry case study, only the structures of the potential therapeutic candidates are given. Additionally, other versions of the game have been released for Xbox 360,
Xbox One, Playstation 3, Playstation 4, Android and iOS phones and more. Our challenge has been to provide a comprehensive description of drug discovery and pharmacodynamic agents in an introductory textbook. Williams, PhD INTRODUCTION TO MEDICINAL CHEMISTRY CASE STUDIES We are pleased to share our newest medicinal chemistry
case studies with student and faculty users of Foye’s Principles of Medicinal Chemistry. Marijuana in medicine: past present and future. Korlipara, PhD St. John’s University College of Pharmacy and Allied Health Professions Queens, NY Beverly Lukawski, PharmD Creighton University School of Pharmacy and Health Professions Omaha, NE Timothy
Maher, PhD Massachusetts College of Pharmacy and Health Sciences School of Pharmacy Boston, MA Susan W. If the “active principles” of an herbal remedy are known or can be discovered, these substances can act as reference standards, and their specified concentration levels can be quantified in chemical quality control procedures, which are
predominantly performed by HPLC. 7). Pharm Res 2010;27:950–961. Expert Opin Investig Drugs 2009;18:189–197. Once a formal “benefit sharing” agreement is on hand, the organism collection process can begin. J Antibiot 2009;62:5–16. The product became a huge commercial success, with annual sales of approximately $1.6 billion in 2000. Soon
other radioactive tracers, such as 18F, 123 I, 131I, 99mTc, and 11C, became available. Consider the structural features of Zyrtec and Tavist. Examples of strong acids (strong acids are 100% ionized in water [i.e., no ionization constants or pKa values of In: Buss AD, Butler MS, eds. Mol Pharmaceutics 2008;5:243–256. Moreover, an acetone-soluble

extract of G. Quinine continues to be used for the treatment of multidrug-resistant malaria and was the template molecule for the synthetic antimalarials chloroquine, primaquine, and mefloquine (1–4). For microbes of terrestrial origin, compound scale up usually may be carried out through cultivation and largescale fermentation (6,7). The correct
structure of digitoxin was established more than 50 years later by Adolf Windaus at Gothenburg University. 1, Promising Cancer Chemopreventive Agents. Counsel RE, Weichert JP. Local Anesthetics The local anesthetics can be traced back to the naturally occurring alkaloid cocaine isolated from Erythroxylon coca. Simmons TL, Andrianosolo E,
McPhail K, et al. 25. Note that this table does not take into account the possibility of intramolecular hydrogen bond formation. The Convention on Biological Diversity and its impact on natural products research. By determining the molecular structures of the active components of these complex mixtures, it was thought that a better understanding of
how these components worked could be elucidated. In 1938, Hertz, Roberts, and Evans first demonstrated the uptake of 128I by the thyroid gland. Thus, for a hydrogen bonding interaction to occur, at least one functional group must contain a dipole with an electropositive hydrogen. Genome mining for novel natural product discovery. Medicinal
Chemistry. Determine the acid–base character of the functional groups in the two molecules drawn above as well as the salt form of codeine phosphate. Talele, PhD St. John’s University College of Pharmacy and Allied Health Professions Queens, NY Jeffrey T. Roche S. Was it the synthesis of chlorpromazine by Paul Charpentier that caused a
revolution in the treatment of schizophrenia? 1.1). New York: Norton, 1970. The term “physicochemical properties” refers to how the functional groups present within a molecule influence its acid–base properties, water solubility, partition coefficient, crystal structure, stereochemistry, and ability to interact with biologic systems, such as enzyme
active sites (Chapter 8) and receptor sites Lemke_Chap02.indd 29 SAR, structure–activity relationship USP, U.S. Pharmacopeia (Chapter 3). It is concerned with the invention, discovery, design, identification and preparation of biologically active compounds, the study of their metabolism, the interpretation of their mode of action at the molecular
level and the construction of structure-activity relationships (SAR), which is the relationship between chemical structure and pharmacological activity for a series of compounds. The discovery and development of the combretastatins. Great concern should be expressed about the continuing erosion of tropical rain forest species, which Kaduse.com
12/9/2011 1:35:41 AM 16 PART I / PRINCIPLES OF DRUG DISCOVERY is accelerating as the 21st century develops (26). One recently introduced example of an anticholinergic compound modeled on atropine is tiotropium bromide, which is used for the maintenance treatment of bronchospasm associated with chronic obstructive pulmonary disease
(COPD) (66). In ancient Greek apothecary shops, herbs such as opium, squill, and Hyoscyamus, viper toxin, and metallic drugs such as copper and zinc ores, iron sulfate, and cadmium oxide could be found. The high “drug-like” quality of natural product molecules stands as a constant, and it only remains for natural product chemists and biologists to
investigate these substances in the most technically ingenious and expedient ways possible. Koller found that cocaine numbed the tongue, and thus, he discovered a local anesthetic. The Antidepressant Era. Biologic Targets for Drug Action In order for drug molecules to exhibit their pharmacologic activity, they must interact with a biologic target,
typically a receptor, enzyme, nucleic acid, or excitable membrane or other biopolymer. Water is therefore amphoteric—that is, it can act as an acid or a base, depending on the prevailing pH of the solution. Two additional natural product–derived immunosuppressants are clinically available as mycophenolate sodium and everolimus (Fig. (−)-Morphine
was first synthesized by Marshall Gates at the University of Rochester in 1952. Birtcher, MS, PharmD, BCPS, CDE, CLS University of Houston College of Pharmacy Houston, TX Jennifer Campbell, PharmD Creighton University School of Pharmacy and Health Professions Omaha, NE Judy Cheng, PharmD Massachusetts College of Pharmacy and Health
Sciences School of Pharmacy Boston, MA Elizabeth Coyle, PharmD University of Houston College of Pharmacy Houston, TX Joseph V. Miller, PharmD Mercer University College of Pharmacy and Health Sciences Atlanta, GA Kathryn Neill, PharmD University of Arkansas for Medical Sciences College of Pharmacy Little Rock, AR Kelly Nystrom, PharmD,
BCOP Creighton University School of Pharmacy and Health Professions Omaha, NE Nancy Ordonez, PharmD University of Houston College of Pharmacy Houston, TX Anne Pace, PharmD University of Arkansas for Medical Sciences College of Pharmacy Little Rock, AR Kaduse.com Lemke_FM.indd xiii 12/17/2011 3:35:09 PM xiv CONTRIBUTORS
Nathan A. Phytother Res 2003;17:439–448. 6-Mercaptopurine (Fig. 1.6) (97,98). This book is protected by copyright. As such, it is necessary to understand not only the mechanism by which a drug exerts its effect, but also how the molecular and physicochemical properties of the molecule influence the drug’s pharmacokinetics (absorption,
distribution, metabolism, toxicity, and elimination) and pharmacodynamics (what the drug does to the body). The promise of pharmacogenetics lies in the potential to identify sources of interindividual variability in drug responses that affect drug delivery and safety. Thus, the antitumor antibiotics include the anthracyclines (daunorubicin, doxorubicin,
epirubicin, idarubicin, and valrubicin), bleomycin, dactinomycin (actinomycin D), mitomycin C, and mitoxantrone. purpurea, known N as digoxin. Thus, of a total of 1,184 NCEs for all disease conditions introduced into therapy in North America, Western Europe, and Japan over the 25.5-year period covered, 5% were unmodified natural products and
23% were semisynthetic agents based on natural product lead compounds. Healy D. Kinghorn AD, Carcache-Blanco EJ, Chai H-B, et al. There is also a past history of the successful production of cardiovascular agents from a terrestrial vertebrate, namely, the angiotensin-converting enzyme inhibitors captopril and enalapril, which were derived from
tetrotide, a nonapeptide isolated from the pit viper, Bothrops jararaca (56). Mutagenesis 2002;17: 265–277. Rapamycin (AY-22,989), a new antifungal antibiotic. There was a need for drugs of greater selectivity in the treatment of anxiety because of the side effects often S O N O HN CH3 HCl N Cl H2N O O NH2 FIGURE 1 N O CH3 N HCl CH3
Chlorpromazine HCl (Thorazine) Cl Meprobamate (Miltown) Chlordiazepoxide HCl (Librium) Kaduse.com Psychopharmacologic agents. Careful editing ensures thoroughness, a consistent style and format, and easy navigation throughout the text. Members of many different structural types of plant secondary metabolites have been linked with
potential cancer chemopreventive activity (97,98). Using his observations with regard to the staining behavior of microorganisms, Ehrlich (4) developed the concept of drug receptors. It takes about 1,000 kg of dried foxglove leaves to make 1 kg of pure digitalis. The emphasis was shifted from finding Kaduse.com 1 12/9/2011 12:31:01 AM 2 HISTORY
AND EVOLUTION OF MEDICINAL CHEMISTRY new medicaments from the vast world of plants to finding the active ingredients that accounted for their pharmacologic properties. The inclusion of an online solid-phase extraction (SPE) cartridge is advantageous in the identification of natural product molecules in crude extracts using LC-NMR,
coupled with MS and circular dichroism spectroscopy (49). Application of this information in a particular situation remains the professional responsibility of the practitioner; the clinical treatments described and recommended may not be considered absolute and universal recommendations. To design better medicinal agents, the relative contribution
that each functional group (i.e., pharmacophore) makes to the overall physicochemical properties of the molecule must be evaluated. It is very important never to remove all quantities of a desired species at the site of collection, in order to conserve the native germplasm encountered. Lemke_Chap02.indd 36 S N CH3 O O H C N H H 1. Other
important contributions on the uses of drugs of natural origin were documented by Dioscorides (De Materia Medica) and Pliny the Elder in the first century ce and by Galen in the second century. Natural products from plant-associated microorganisms: distribution, structural diversity, and implications of their occurrence. Chapman TM, Perry CM.
Not all organic salts are very water soluble. His work resulted in the Nobel Prize in Chemistry in 1955. It is also Lemke_Chap01.indd 18 important for pure bioactive compounds to be evaluated mechanistically for their effects on a particular biologic target, such as on a given stage of the life cycle of a pathogenic organism or cancer cell. He
synthesized about 40 compounds in this series, all of which were disappointing in pharmacologic tests, so the project was abandoned. 61. II. New York: The Haworth Herbal Press, 1999. This latest edition offers an unparalleled presentation of drug discovery and pharmacodynamic agents, integrating principles of medicinal chemistry with
pharmacology, pharmacokinetics, and clinical pharmacy.All the chapters have been written by an international team of respected researchers and academicians. Until the 19th century, these “remedies” were primarily crude preparations of plant material of unknown constitution. Enzyme inhibitors from marine invertebrates. The evolving role of
natural products in drug discovery. J Nat Prod 2006;69:509–526. Natural products as sources of new drugs over the last 25 years. A generally accepted explanation for the high biodiversity of secondary metabolites in humid forests in the tropics is that these molecules are biosynthesized (a process of chemical synthesis by the host organism) for
ecologic roles, in response to a continuous growing season under elevated temperatures, high humidity, and great competition due to the high species density present. ﯽ
W
ﻤWW.KADUSE.COM
دﯾﮕﺮ ﮐﺘﺐ ﺑﯿﻮﺷﯿ
ﯽ
ﯽ
 ﯽ
ﮑTitle
ﺷﮑ
ﺷﮑ
ﺷ
تﭘﺰﭘﺰﺰ
ﭘMarks'
ﯽ
ﺷﺎﻦ
ﻻﻼﺗﯿﻋ
ﻃز
ﮏﻮ
ﻊﯿآاﻣBasic
یﻧ
ﺟﺎﻣو
ﺖﻟرﮑﻫ
یﺰا
ﻓMedical
ﺳﺎﺎﺎﯾ
ﺳﮐﺘﻧﻪﺎﺑﺮﻬﻣ
ﺟﻢوﻊ و
ﯿﺮﺎﻠدBiochemistry
 ﮐﺎدوﺳﮐﻪﺎدﻣوﺮﺳﺟﻪﻊ ﻣﻓﮐFundamentals of Biochemistry: Life at the Molecular
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Fundamentals of Clinical Chemistry ١ Autour(s) Year Alisa Peet/ Michael A. Cox 2013 Robert Murray / David Bender 2012 John W. Four main classes of plant-derived antitumor agents are used: vinca (Catharanthus) bisindole alkaloids (vinblastine, vincristine, and vinorelbine); the semisynthetic epipodophyllotoxin derivatives (etoposide, teniposide,
and etoposide phosphate); the taxanes (paclitaxel and docetaxel); and the camptothecin analogs (irinotecan and topotecan) (Fig. 48. Anticancer Agents from Natural Products. Soon after, the first dibenzazepine (tricyclic) antidepressant imipramine was introduced by Ciba-Geigy Corporation in 1957 a series of tricyclic compounds synthsized initially as
structural analogs of phenothiazines, were developed. Mundy C, Kirkpatrick P. Antifungals, such as griseofulvin and the polyenes, and avermectins, such as the antiparasitic drug ivermectin, are also of microbial origin (1–4). Brown and Joseph Goldstein won the Nobel Prize in Physiology or Medicine for their work in cholesterol metabolism. 71.
Synthetic modifications of the structure of the male and female hormones have furnished improved hormonal compounds such as the anabolic agents (see Chapter 40). Calculation indicates that 99% of the molecules are in the acid form, which is the same as the percent ionization. Parts I and II are designed for a course focused on principles of drug
discovery and Parts II through IV are relevant to integrated courses in medicinal chemistry/pharmacodynamics/pharmacotherapeutics. The revolution in synthetic organic chemistry during the 19th century produced a concerted effort toward identification of the structures of the active constituents of these naturally derived medicinals and synthesis
of what were hoped to be more efficacious agents. Moran/ Robert A Horton 2011 Stephen M. Kendall, and Tadeus Reichstein “…for their discovery relating to the hormones of the adrenal cortex, their structure and biological effects.” An interesting development in the study of glucocorticoids led in 1980 to the synthesis of the “abortion pill,” Ru-486,
synthesized by Etienne-Emile Beaulieu, a consultant to the French pharmaceutical company, Rousel-Uclaf. Photo Courtesy: Chesnot/Getty Images Impressively, League of Legends has been so successful that its maker, Riot Studios, has had little need to put out other titles. biloba containing standardized amounts of flavone glycosides (24%) and
terpene lactones (6%) has been used in many clinical trials on this herb (101). m m o o c c . III. Nativelle and in 1875 by Oswald Schmiedberg. 10. . The development and use of robotics and automation have made it possible to screen large numbers of compounds in a short period of time. J Nat Prod 1989;52:1189–1208. The search was a success, and
Endo’s next assignment was to find a drug which would block the enzyme hydroxymethylglutaryl-coenzyme A (HMG-CoA) a key enzyme essential to the production of cholesterol. Two key concepts to keep in mind when considering the water (or fat) solubility of a molecule are the potential for hydrogen bond formation and ionization of one or more
functional groups within the molecule. One should not underestimate, however, that the discoveries in the 20th and 21st centuries and earlier represent an amazing amount of insight, determination, and luck by researchers in chemistry, pharmacology, biology, and medicine. The conotoxin class is produced by the cone snail, Conus magus, and these
compounds are peptides with 24- to 27-amino acid residues. Eq. 2.3 HCl + H2O  ClΘ + H3O⊕ m m o o c c . van Dorp EL, Morariu A, Dahan A. Methods in Molecular Medicine, Vol. Demain AL, Sanchez S. Roche, PhD S. These toxic symptoms, also known as “Chinese herb nephropathy,” were attributed to the presence of the phenanthrene derivatives
aristolochic acids I and II (Fig. Naturally occurring substances may serve either as drugs in their native or unmodified form or as “lead” compounds (prototype bioactive molecules) for subsequent semisynthetic or totally synthetic modification, for example, to improve biologic efficacy or to enhance solubility (1–4,6,8,10,11). Nat Biotechnol
2008;26:1077–1083. 95. Unlike many cancer drugs available today, cisplatin is an inorganic molecule with a simple structure (Fig. WILLIAMS, PHD S. Identify the functional groups present in Zyrtec and Tavist, and evaluate the effect of each functional group on the ability of the drug to cross lipophilic membranes (e.g., blood–brain barrier).
Kaduse.com 12/9/2011 1:35:42 AM 24 PART I / PRINCIPLES OF DRUG DISCOVERY and have a similar type of action on tubulin as paclitaxel (87). 20. The Next Wave in Drug Discovery: Genomics Imatinib (Gleevec) was discovered through the combined use of high-throughput screening and medicinal chemistry that resulted in the successful
treatment of chronic myeloid leukemia. Pharmacognosy, the science that deals with medicinal products of plant, animal, or mineral origin in their crude state, was replaced by physiologic chemistry. Estimating the size of the world’s threatened flora. Boca Raton, FL: Taylor & Francis/CRC Press, 2005:23–46. Chemists use combinatorial chemistry to
create large populations of molecules that can be screened efficiently, generally using high-throughput screening. J Med Chem 2008;51:2629–2633. Often, a lead natural product is obtained from its organism of origin along with several naturally occurring structural analogs, permitting a preliminary structure–activity relationship study to be
conducted. Paclitaxel and its semisynthetic analog docetaxel may be produced by partial synthesis. Even as we enter the second decade of the 21st century, approximately three quarters of the world’s population are reliant on primary health care from systems of traditional medicine, including the use of herbs. Pure Appl Chem 2009;81:1051–1063.
However, regardless of the type of neurotransmitter (biogenic amine or peptide), both agonists and antagonists share common structural features with the neurotransmitter that they influence. Drugs 2005;65:799–805. Cancer chemoprevention with dietary phytochemicals. Artemisinin-based combination treatments such as coartemether (artemether
and lumefantrine) are now widely used for treating drug-resistant P. J Nat Prod 2004;67:129–135. Artemotil (Artecef). You can skip all the way to level 60 upon character creation. The compound was effective as a hypnotic, but also exhibited properties as an anticonvulsant. The synthesis of acetic acid by Adolph Kolbe in 1845 and of methane by
Pierre Berthelot in 1856 set the stage for organic chemistry. As with previous editions of Foye’s Principles of Medicinal Chemistry these cases are meant help the student evaluate their comprehension of the therapeutically relevant chemistry presented in the chapter and apply their understanding in a standardized format to solving the posed
problem. Wall and of Mansukh Wani at Research Triangle Institute in North Carolina (Fig. QV 744] 616.07’56—dc23 2011036313 DISCLAIMER Care has been taken to confirm the accuracy of the information present and to describe generally accepted practices. Thus, a new series of drugs is being developed that are not centered on marijuana itself,
but inspired by its active ingredient D9-THC, mimicking the endogenous substances acting in the brain or the periphery. Rochfort S. Natural Product Chemistry for Drug Discovery. 13. 131I, with a longer half-life (t1/2; 8 days), became available later and is now widely used. The availability of cloned genes for use in high-throughput screening to
identify new molecules has led to a reexamination of the screening process. Cures Out of Chaos. The presence of high levels of the phloroglucinol derivative hyperforin (Fig. Parker CH, Ottl J, Gabriel D, et al. Natural product isolation. An emphasis in the pharmaceutical industry and in academia is to develop drug formulations that guarantee that
therapies will reach specific targets in the body. The need for increased natural products discovery research involving ethnobotany should be regarded as urgent, due to the accelerating loss in developing countries of indigenous cultures and languages, inclusive of Lemke_Chap01.indd 15 15 knowledge of traditional medical practice (20).
Benzodiazepines are used in the pharmacotherapy of anxiety and related emotional disorders and in the treatment of sleep disorders, status epilepticus, and other convulsive states. Higher plants have also afforded important anti-infective agents, perhaps most significantly the quinoline alkaloid quinine, obtained from the bark of several Cinchona
species found in South America, including Cinchona ledgeriana and Cinchona succirubra. This relatively new approach toward the management of cancer has involved gaining a better understanding of the mechanism of action of cancer chemopreventive agents (96). Endo’s 1973 discovery of the first anticholesterol drug has almost been relegated to
obscurity. Williams, David A., 1938- IV. Drug discovery and natural products: end of an era or an endless frontier? In addition, a list of study questions at the conclusion of—and unique to—this chapter provides further selfstudy material related to the subject of medicinal chemistry/drug design. Nat Rev Drug Discov 2003;2:259–266. William Zito, PhD
St. John’s University College of Pharmacy and Allied Health Professios Queens, NY Elizabeth B. This unequal sharing of electrons only occurs when these two atoms have significantly different electronegativities. For example, if plants are taken specifically, less than 20% have been evaluated chemically or biologically. To do this appropriately, the
pharmacist must bring together the basic sciences of chemistry, biology, biopharmaceutics and pharmacology with the clinical sciences. The isolation and determination of the structure of tetrahydrocannabinol (D9-THC), the principal active ingredient, were performed in 1964 by Rafael Mechoulam at Hebrew University in Israel. There is some
evidence that there is an ethnomedical basis for the current use of galantamine (68). Unfortunately, many herbal remedies may pose toxicity risks or may be involved in harmful drug interactions. Lam KS. This led to the postulate, that took some time to disprove, that “one chemical group gives one biological action” (2). These are tough times for the
drug industry, as companies are looking at diminishing pipelines of potential new drugs, growing competition from generic versions of their drugs and increasing pressure from regulatory agencies to ensure that products are both safe and more effective than existing drugs. 26. Totowa, NJ: Humana Press Inc., 2005:83–109. 1.4). This is known as the
“leveling effect” of water. The expanded use of the cyclotron in the late 1930s and the nuclear reactor in the early 1940s made available a variety of radionuclides for potential applications in medicine. I. 2.9). Burger (1) stated that “the great advances of medicinal chemistry have been achieved by two types of investigators: those with the genius of
prophetic logic, who have opened a new field by interpreting correctly a few well-placed experiments, whether they pertained to the design or the mechanism of action of drugs; and those who have varied patiently the chemical structures of physiologically active compounds until a useful drug could be evolved as a tool in medicine.” To place the
development of medicinal chemical research into its proper perspective, one needs to examine the evolution of the ideas and concepts that have led to our present knowledge Photo Courtesy: Gallo Images/Getty Images Gaming is a billion dollar industry, but you don’t have to spend a penny to play some of the best games online. Other homogenous
and separation-based assays suitable for the screening of natural products have been reviewed (44). 94. Discovery of anticancer agents of diverse natural origin. Neumeyer, PhD Harvard Medical School McLean Hospital Belmont, MA Gary O. 105. 82. Modify the structure above to show the salt form of codeine phosphate. A sample calculation is
shown in Figure 2.6 for the sedative hypnotic amobarbital. In an attempt to relate the importance of medicinal chemistry to the clinical sciences, each of the chapters in Part II, Pharmacodynamic Agents, through Part IV, Disease State Management, includes the following: ■ ■ Lemke_FM.indd viii A clinical significance section: At the beginning of
most chapters, a practicing clinician has provided a statement of the clinical significance of medicinal chemistry to the particular therapeutic class of drugs. Combinatorial libraries complement the enormous numbers of synthetic libraries available from new and old synthetic programs. The scope of knowledge in organic chemistry, biochemistry,
pharmacology, and therapeutics allows students to make generalizations connecting the physicochemical properties of small organic molecules and peptides to the receptor and biochemical properties of living systems. Studies of this type involve modification of the molecule in a systematic fashion followed by a determination of how these changes
affect biologic activity. This is the “ionized” form of the acid. Lieberman / Rick Ricer 2010 Carl A. Klingler and Paula Williams (Product Managers), and David Troy (Acquisitions Editor) for their kind and gentle prodding. A variety of chromatographic separation techniques are available for these purposes, including those based on adsorption on
sorbents, such as silica gel, alumina, Sephadex, and more specialized solid phases, and methods involving partition chromatography inclusive of counter-current chromatography (45). The compound is administered by slow intravenous infusion and is useful in treating infections by Candida species (74). Another manner in which drugs have been
developed from terrestrial plants and fungi is through following up on observations of the causes of livestock poisoning, leading to new drugs and molecular tools for biomedical investigation (21). Walters WP, Namchuk M. Since early days, women have ingested every manner of substance as birth control agents. 11. Johnson, PhD Duquesne University
Mylan School of Pharmacy Pittsburgh, PA Elmer J. Kaduse.com 12/9/2011 1:35:43 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS 39. The pyridine alkaloid epibatidine, isolated from a dendrobatid frog (Epipedobates tricolor) found in Ecuador, activates nicotinic receptors and has a 200-fold more potent analgesic activity than
morphine. Antimicrob Agents Chemother 2010;54:1864–1871. The isolation of morphine by Friedrich Sertürner in 1803, the isolation of emetine from ipecacuanha by Pierre-Joseph Pelletier in 1816, and his purification of caffeine, quinine, and colchicine in 1820 all contributed to the increased use of “pure” substances as therapeutic agents.
DEVELOPMENTS LEADING TO VARIOUS MEDICINAL CLASSES OF DRUGS Psychopharmacologic Agents and the Era of Brain Research Psychiatrists have been using agents active in the central nervous system for hundreds of years. Highly dissociable salts are those formed from strong acids with strong bases (e.g., sodium chloride), weak acids
with strong bases (e.g., sodium phenobarbital), or strong acids with weak bases (e.g., atropine sulfate). Curr Sci 2006;90:95–100. Additional information about the acid–base properties of the functional groups listed in Tables 2.1 through 2.3 can be found in Gennaro (9) and Lemke (10). The success of phenobarbital led to the testing of more than
2,500 barbiturates, of which about 50 were used clinically, many of which are still in clinical use. Kaduse.com Lemke_Chap02.indd 32 12/9/2011 4:12:12 AM CHAPTER 2 / DRUG DESIGN AND RELATIONSHIP OF FUNCTIONAL GROUPS TO PHARMACOLOGIC ACTIVITY TABLE 2.1 m m o o c c . Nat Prod Rep 2010;27;321–329. Interest in
investigating plants as sources of new biologically active molecules remains strong, in part because of a need to better understand the efficacy of herbal components of traditional systems of medicine (32). Thus, it is described as amphoteric (both acidic and basic) in nature. Balunas MJ, Su B, Landini S, et al. Tiotropium bromide. Kolewe ME, Gaurav
V, Roberts SC. A solution to the case or problem appears at the end of the chapter along with the medicinal chemist’s analysis of the solution. Methods for Kaduse.com 12/9/2011 1:35:41 AM 18 PART I / PRINCIPLES OF DRUG DISCOVERY dereplication must be sensitive, rapid, and reproducible, and the analytical methods used generally contain a
mass spectrometric component (50). Shortly thereafter, John Hughes and Hans Kosterlitz, working at the University of Aberdeen in Scotland, described the isolation from pig brains of two pentapeptides that exhibited morphine-like actions on the guinea pig ileum. Although the oceans occupy 70% of the surface of the earth, an intense effort to
investigate the chemical structures and biologic activities of the marine fauna and flora has only been ongoing for about 40 years (8). Medicinal Natural Products: A Biosynthetic Approach, 3rd Ed. New York: John Wiley & Sons, 2009. Cambridge, UK: RSC Publishing, 2010:245–271. With the discovery of a variety of highly potent anti-infective agents,
a significant change was introduced into medical practice. As in so many other areas of drug research, progress was achieved in the understanding of the pharmacology and biogenesis of a naturally occurring drug only when the chemistry had been well established and the researcher had at his 12/9/2011 12:31:03 AM 8 HISTORY AND EVOLUTION
OF MEDICINAL CHEMISTRY disposal pure compounds of known composition and stereochemistry. Environ Health Perspect 2001;109:69–75. Therefore, under physiologic conditions, alcohols are neutral with respect to acid–base properties: CH3CH2OH + H2 Eq. 2.5 By knowing if there are acidic and/or basic functional groups present in a molecule,
one can predict Common Organic Functional Groups That are Considered Neutral Under Physiologic Conditions R O O R' Ether O R H N O R' R R' R N R" Sulfonic acid ester R–C≡N R' R N R" R''' Nitrile Quaternary ammonium O Amine oxide Lemke_Chap02.indd 34 R' Diarylamine O R O O S R' R O Ester NH2 Amide CH3CH2O– + H3O⊕ Predicting the
Degree of Ionization of a Molecule R Alkyl alcohol Guanidinium NH2 NH2 that is present is OH−, and the strongest acid is H3O+. For example, the in vivo hollow fiber assay was developed at the U.S. National Cancer Institute for the preliminary evaluation of potential anticancer agents and uses confluent cells of a tumor model of interest deposited
in polyvinylidene fluoride fibers that are implanted in nude mice (31,54). Several recent reviews have summarized natural product drugs introduced to the market in recent years and substances on which clinical trials are being conducted (16–18,36). Today, camptothecin is not only produced commercially from cultivated C. but also allows one to
calculate, for a given pH, the relative percentages of the ionized and un-ionized forms of the drug. To facilitate and support your educational efforts, you will have access to Instructor Resources upon adoption of Foye’s Principles of Medicinal Chemistry, 7th edition. About 80% of physicians in Germany prescribe phytomedicines through the orthodox
health OH O CH3O Immunomodulators The fungal-derived cyclic peptide cyclosporin (cyclosporine A) was found some years ago to be an immunosuppressive agent in organ and tissue transplant surgery. Ecteinascidin 743 (ET-743; Yondelis™), aplidin, and kahalalide F. Metabolomics revisited: a new “omics” platform technology for systems biology
and implications for natural products research. Nat Rev Cancer 2003;3;768–779. 2.2 with tubocurarine in Fig. In the 19th century, digitalis was used by the English physician and botanist, William Withering, for the treatment of edema. Chem Eng News Am Chem Soc 2005;83:28–42. To the agriculturist cannabis is a fiber crop; to the physician of a
century ago it was a valuable medicine; to the physician of today it is an enigma; to the user, a euphoriant; to the police, a menace; to the trafficker, a source of profitable danger; to the convict or parolee and his family, a source of sorrow (4). Routine structure elucidation is performed using combinations of spectroscopic procedures, with particular
emphasis on 1H- and 13C-nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry (MS). This concept was the first description of what later became known as the receptor hypothesis for explaining the biologic action of chemical entities. Challenges and opportunities confronting the botanical dietary supplement industry. of time to
treat appetite loss in HIV/AIDS patients (3). 47. Subsequently, norepinephrine was also identified from sympathetic nerves. In this process, large numbers of crude extracts from organisms can be simultaneously evaluated in a cell-based or non-cell-based format, usually using multiwell microtiter plates (39). Commentary. Moniri Mercer University
College of Pharmacy and Health Sciences Atlanta, GA Lemke_FM.indd xii Patrick M. This compound may be considered the paramount natural product lead compound, with many thousands of analogs synthesized in an attempt to obtain derivatives with strong analgesic potency but without any addictive tendencies (1–4). Mycophenolate delayed
release: prevention of renal transplant rejection. When ionized at physiologic pH, both compounds have a similar electronic configuration, and the distance between the ionized acid and the weakly basic amino group is also very similar. Many natural products collection programs are focused on tropical rain forests, in order to take advantage of the
inherent biologic diversity (or “biodiversity”) evident there, with the hope of harnessing as broad a profile of chemical classes as possible among the secondary metabolites produced by the species to be obtained. Another synthetic opiate, methadone, relaxes the craving for heroin or morphine. The search for such agents should be enhanced by the
availability of extensive libraries of taxonomically authenticated crude extracts of terrestrial and marine origin, as well as of pure secondary metabolites from microorganisms, plants, and animals. When Endo joined Sankyo after his university studies to investigate food ingredients, he searched for a fungus that produced an enzyme to make fruit juice
less pulpy. 2.5): Eq. 2.6 pK a = pH + log O O HN O Hydrogen Bonds Each functional group capable of donating or accepting a hydrogen bond contributes to the overall water solubility of the compound and increases the hydrophilic (water-loving) nature of the molecule. In vii Kaduse.com 12/17/2011 3:35:08 PM viii PREFACE addition we recognize
the benefits of medicinal chemistry can only be valuable if the science can be translated into improving the quality of life of our patients. TUMS neutralizes stomach acid to pH 3.5. Based on your answer to question 3, determine whether the truck driver will get the full antihistaminergic effect if he takes his antihistamine at the same time that he
takes his TUMS. The compound was found to be effective and entered clinical trials in 1971. Unlike some free online card games, you also don’t need to spend money to have a competitive deck. Everolimus is a proliferation inhibitor that blocks growth factor-mediated transduction signals and prevents organ rejection through a different mechanism
than mycophenolate mofetil (17,100). The medicinal value of Kendall’s Compound F and Reichstein’s Compound M was quickly recognized. Roche, S. The process of collecting or surveying a large set of flora (or fauna) for the purpose of the biologic evaluation and isolation of lead compounds is called “biodiversity prospecting” (24). Discovery and preclinical development of antithrombotics from hematophagous invertebrates. 98. RU-486, also known as mifepristone (Mifeprex), entered the French market in 1988, but sales were suspended by Rousel-Uclaf when antiabortion groups threatened to boycott the company. The demonstration of stereospecific binding of radiolabeled ligands to opioid
receptors led to the development of radioreceptor binding assays for each of the opioid receptor types, a technique that has been of major importance in the identification of selective opioids as well as many other Lemke_Historical Perspective.indd 5 receptors. INTRODUCTION Chemical compounds, usually derived from plants and other natural
sources, have been used by humans for thousands of years to alleviate pain, diarrhea, infection, Kaduse.com 29 12/9/2011 4:12:11 AM 30 PART I / PRINCIPLES OF DRUG DISCOVERY and various other maladies. That, together with the discovery of penicillin by Alexander Fleming in 1929 and its subsequent examination by Howard Florey and Ernst
Chain in 1941, led to a water-soluble powder of much higher antibacterial potency and lower toxicity than that of previously known synthetic chemotherapeutic agents. 74. 55. Coartemether (artemether and lumefantrine): an oral antimalarial drug. Modify the structure present in the box to show the appropriate salt form of this agent. Many functional
groups behave as acids (Table 2.1). This will be followed by examples of natural products currently used in various therapeutic categories, as well as a few selected representatives with present clinical use or future potential in this regard. Insulin had been the only treatment for type 1 diabetes until 2005 when the FDA approved Amylin
Pharmaceuticals’ Symlin to control blood sugar levels in combination with the peptide hormone. As we look back 38 years to the first edition of Foye’s Principles of Medicinal Chemistry and nearly 63 years to the first edition of Wilson and Gisvold’s textbook, Organic Chemistry in Pharmacy (later renamed Textbook of Organic Medicinal and
Pharmaceutical Chemistry), we can examine how the teaching of medicinal chemistry has evolved over the last half of the 20th century. Berger observed unusual and characteristic paralysis and relaxation of voluntary muscles in laboratory animals for different series of compounds. With the advancement in the development of highly selective PET
and SPECT ligands, the potential of the noninvasive imaging procedures will achieve wider application both in pharmacologic research and diagnosis of CNS disorders. It was not until 1993 that Taxol was brought to the market by Bristol-Myers Squibb and soon became an effective drug for treating ovarian, breast, and certain forms of lung cancers.
More than 80% of United States heroin addicts still lack access to methadone treatment facilities, primarily due to the stigma against drug users and the medical distribution of methadone. The formation of As–S bonds resulted in death to the target organism. It was first synthesized in 1845, and its structure was elucidated by Alfred Werner in 1893.
Additional drugs isolated from plant sources included atropine, caffeine, cocaine, nicotine, quinine, and strychnine in the 19th century, and then digoxin, reserpine, paclitaxel, vincristine, and chemical precursors of the steroid hormones in the 20th century. Morton attempted to patent his discovery but was unsuccessful, and he died penniless in 1868.
Mol Cancer Ther 2005;4:333–342. This is particularly important when the recommended agent is a new or infrequently employed drug. He regularly takes TUMS for indigestion due to the bad food that he eats while on the road. Burger A. Chemistry, Pharmaceutical. Medicinal chemists use structure-activity relationships to improve the “hits” into
“lead candidates” by optimizing their selectivity against the specific target, reducing drug activity against non-targets, and ensuring appropriate pharmacokinetic properties involving drug distribution and clearance. The antianxiety agents, including a large series of benzodiazepines (including chlordiazepoxide [Librium] and diazepam [Valium] and
the carbamate meprobamate [Miltown]), are examples of the serendipitous discovery of new drugs based on random screening of newly synthesized chemicals (Fig. The therapeutic choices we offer in each case have been purposefully selected to allow students to review the therapeutically relevant chemistry of different classes of drugs used to treat
a particular disease. 118, Antifungal Agents: Methods and Protocols. In 1978, the biotech company Genentech and the City of Hope National Medical Center produced human insulin in the laboratory using recombinant DNA technology. There are several taxanes and camptothecin derivatives in clinical trial (17,18). Maximal biodiversity in the marine
environment is found on the fringes of the ocean or sea bordering land, where there is intense competition among sessile (nonmoving) organisms, such as algae, corals, sponges, and some other invertebrate animals, for attachment space (25). In: Petersen F, Amstutz R, eds. with each of these atoms along a single bond (one atom has a partial negative
charge, and one atom has a partial positive charge). Approximately 25 “hot spots” of especially high biodiversity have been proposed that represent 44% of all vascular plant species and 35% of all species of vertebrates in about 1.4% of the earth’s surface (27). The knowledge created through pharmacogenetic trials can contribute to the development
of patient-specific medicines as well as to improved decision making along the research and development value chain (6). However, in view of ongoing research, changes in government regulations, and the constant flow of information relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for any
change in indications and dosage and for added warnings and precautions. Because pKa is a constant for any given functional group, the ratio of acid to conjugate base (or conjugate acid to base) will determine the pH of the solution. Many of the drugs currently on the market were developed from leads identified through screening of natural
products or compounds synthesized in the laboratory. Untold hours were spent away from the family sitting in front of our computers in order to bring this project to fruition. Several methods to remove plant polyphenols have been proposed, such as passage over polyvinylpyrrolidone (PVP) and polyamide, on which they are retained. Years later, this
was linked to the generation of severe renal disease characterized as interstitial fibrosis with atrophy of the tubules, as well as the development of tumors. Mehanna, PhD Massachusetts College of Pharmacy and Health Sciences School of Pharmacy Boston, MA Norman Wilson, BSc, PhD, CChem, FRSC University of Edinburgh Edinburgh, Scotland
Duane D. 86. As a class, cholesterol- and triglyceride-lowering drugs were the world’s top selling category, with sales exceeding $30 billion. 83. Foye, William O. Mult Scler 2010;16:707–714. The powdered leaves of Digitalis purpurea have been used in Western medicine for more than 200 years, with the major active constituent being the cardiac
(steroidal) glycoside digitoxin, which is still used now for the treatment of congestive heart failure and atrial fibrillation. Gregory Pincus, a biologist working at the Worcester Foundation for Experimental Biology in Massachusetts studied Djerassi’s new steroid together with its double bond isomer norethynodrel (Fig. (Carl Koller’s nickname among
Viennese medical students was “Coca Koller”). Because of the foundational nature of the content of this chapter, there are numerous case studies presented throughout the chapter (as boxes), as well as at the end. The shape of a drug must be right to allow it to bind to a specific disease-related protein (i.e., receptor) and to work effectively.
Cambridge, MA: MIT Press, 1982. 96. Susan Horwitz, working at the Albert Einstein College of Medicine in New York, studied the mechanism of how Taxol kills cancer cells. Kaduse.com 12/9/2011 4:12:25 AM 36 PART I / PRINCIPLES OF DRUG DISCOVERY ACID–BASE CHEMISTRY/COMPATIBILITY CASES ABSORPTION/ACID–BASE CASE A longdistance truck driver comes into the pharmacy complaining of seasonal allergies. Advances in biological screening for lead discovery. A review of tigecycline—the first glycylglycine. However, progesterone is destroyed by the digestive system when ingested. San Diego, CA: Academic Press/Elsevier, 2009:301–322. At present, the most widely used PET
radiopharmaceutical is the glucose analog 18F-FDG (2-fluoro-2-deoxy-D-glucose; 18F t1/2 = 1.8 hrs), which is routinely used for functional studies of brain, heart, and tumor growth. Because proteins carry out the instructions from the genes located on the DNA, dysfunctional proteins such as the kinases deliver the wrong message to the cells, making
them cancerous. William Zito Kaduse.com Lemke_FM.indd v 12/17/2011 3:35:08 PM Kaduse.com Lemke_FM.indd vi 12/17/2011 3:35:08 PM Preface As defined by IUPAC, medicinal chemistry is a chemistry-based discipline, involving aspects of the biological, medical and pharmaceutical sciences. In this instance, however, the functional group
becomes positively charged due to the extra proton. Property distributions: differences between drugs, natural products, and molecules from combinatorial chemistry. Provide a rationale for your answer based on the structural properties of the salt form of codeine phosphate. Gentry, PhD Chicago State University College of Pharmacy Chicago, IL
Stephen Kerr, PhD Massachusetts College of Pharmacy and Health School of Pharmacy Boston, MA Kaduse.com xi Lemke_FM.indd xi 12/17/2011 3:35:09 PM xii CONTRIBUTORS Douglas Kinghorn, PhD The Ohio State University College of Pharmacy Columbus, OH Marilyn Morris, PhD University of Buffalo - SUNY School of Pharmacy and
Pharmaceutical Sciences Buffalo, NY James J. Cisplatin interferes with the growth of cancer cells by binding to DNA and interfering with the cells’ repair mechanism and eventually causes cell death. In addition, the reader will find at the beginning of most chapters a list of drugs (presented by generic or chemical names) discussed in that chapter. In
1914, biochemist Edward Kendall isolated thyroxine from the thyroid gland. falciparum malaria (75). In 1990, Lisa Matsuda and Tom Bonner at the National Institutes of Health cloned a THC receptor now called CB1 from a rat brain. When dealing with a basic functional group, one must recognize the conjugate acid represents the ionized form of the
functional group. Three important needs in the scientific investigation of herbal remedies are the characterization of active principles (where these are not known), the development of rigorous and validated analytical methods for quality control procedures, and the determination of their potential toxicity and interactions with prescription
medications (102). For example, alkyl alcohols, such as ethyl alcohol, are not sufficiently acidic to become significantly ionized in an aqueous solution at a physiologically pH. Trends Microbiol 2007;15:279–289. ■ ORGANIZATIONAL PHILOSOPHY The organizational approach taken in this textbook builds from the principles of drug discovery,
physicochemical properties of drug molecules, and ADMET (absorptiondistribution-metabolism-excretion-toxicity) to their integration into therapeutic substances with application to patient care. These interactions occur between the functional groups found in the drug molecule and those found within each biologic target. Landers P. Chem Eng News
Am Chem Soc 2005;83:16–19. Interest in synthetic chemicals that could inhibit the rapid reproduction of pathogenic bacteria and enable the host organism to cope with invasive bacteria was dramatically increased when the red dyestuff 2,4-diaminoazobenzene4′-sulfonamide (Prontosil) reported by Gerhard Domagk dramatically cured dangerous
systemic gram-positive bacterial infections in man and animals. Spiers KM, Zervos MJ. Koehn FE, Carter GT. In: Kinghorn AD, Falk H, Kobayashi J, eds. e e s s u u d d a a K K .. Ocean Dev Int Law 2001;32:213–239. Combinatorial chemistry is one of the new technologies developed by academics and researchers in the pharmaceutical and
biotechnology industries to reduce the time and cost associated with producing effective, marketable, and competitive new drugs. It has been only within the last 40 years that scientists have begun to understand the effects of opioid analgesics at the molecular level. 1.2) is the prototype member of the cyclic lipopeptide class of antibiotics and,
although isolated initially from + H3N O HO H H N CH3 H H N O H N N H CH3 N H HN O O CONH2 NH O HOOC H CH3 N HOOC N N H H HO NH O O O O COOH H N O N N H H O O H3C Daptomycin COOH NH2 O S O NH2 COOH Thienamycin O O NH O N N N CH3 CH3 H H HO H S N O COOH Meropenem O CH3 C N CH3 NH H3C O O
N(CH3)2 CH3 N O OCH3 CH3 HO O O CH3 O O O N (CH3)3C H N O H NH(CH3)2 OH H N H NH2 OH OH O HO O O Tigecycline CH3 Telithromycin FIGURE 1.2 Lemke_Chap01.indd 21 Examples of Natural and Semisynthetic Anti-infective Agents. Chen ST, Dou J, Temple R, et al. The potent and euphoric properties of the extract of the opium poppy
have been known for thousands of years. When two functional groups that contain one or more permanent dipoles approach one another, they align such that the negative end of one dipole is electrostatically attracted to the positive end of the other. The active principle of both mycophenolate sodium and an earlier introduced form mycophenolate
mofetil (a morpholinoethyl derivative) is mycophenolic acid, obtained from several Penicillium species. 54. Expert Rev Anti Infect Ther 2004;2:685–693. Who really discovered chlorpromazine? Thus, one needs to know which acidic or basic functional group within a molecule containing multiple functional groups is the strongest and which acidic or
basic functional group is the weakest. 9. J Nat Prod 2009;72:573–580. Historically, radioiodine has a special place in nuclear medicine. By 1956, clinical studies led by John Rock, a gynecologist, showed that progesterone, in combination with norethindrone, was an effective oral contraceptive. Fenical W, Jensen PR, Palladino MA, et al. Progress in the
Chemistry of Organic Natural Products, Vol. Vienna, Austria: Springer-Verlag, 2009:1–260. Sneader W. Quevenne in Paris. This was later modified by Albert (5) and today is referred to as “selective toxicity.” An example of poor selectivity was demonstrated when Ehrlich developed organic arsenicals that were toxic to trypanosomes as a result of their
irreversible reaction with thiol groups (-SH) on vital proteins. Photo Courtesy: Joe Klamar/Getty Images Only interested in the story? In fact, the main downside of the game is simply that you need a powerful computer to run it at maximum graphic settings.Fortnite Battle Royale Fortnite Battle Royale took off to become possibly the most popular
game of 2018, and in doing so, it reinvigorated the battle royal game genre, with competitors like Call of Duty: Warzone soon springing up in its wake. Natural products may serve to provide molecular inspiration in certain therapeutic areas for which there are only a limited number of synthetic lead compounds. Natural products and antifungal drug
discovery. Functional groups that cannot give up or accept a proton are considered to be “neutral” (or “nonelectrolytes”) with respect to their acid–base properties. The base game on Steam comes with Frankenstein, Flight 2000, Ripleys, Starship Troopers and Star Trek Vengeance Premium tables, and you can pay for more if you enjoy the game
enough. James LF, Panter KE, Gaffield W, et al. 27. Dereplication is a process of determining whether an observed biologic effect of an extract or specimen is due to a known substance. Metabolomics is a recently developed approach in which the entire or “global” profile of secondary metabolites in a system (cell, tissue, or organism) is catalogued
under a given set of conditions. In the last decade, many new natural product molecules have been isolated from fungal sources (6,7). Metabolites from symbiotic bacteria. Cancer chemoprevention is regarded as the use of synthetic or natural agents to inhibit, delay, or reverse the process of carcinogenesis through intervention before the appearance
of invasive disease. Although evaluation of crude extracts of organisms is not routinely performed in animal models because of limitations of either test material or other project resources, it is of great value to test in vitro–active natural products in a pertinent in vivo method to obtain a preliminary indication of the worthiness of a lead compound for
preclinical development. This methodology involves the engineering of biosynthetic gene clusters in microorganisms and has been applied to the generation of polyketides, peptides, terpenoids, and other compounds. O NH CH3 Base form Conjugate acid form pKa 9.4 Question: What is the % ionization of phenylpropanolamine at pH 7.4? Answer: 9.4
= 7.4 + log 2.0 = log 102 = [acid] [base] [acid] [base] [acid] 100 = 1 [base] % ionization = 100 x 100 = 99% 101 FIGURE 2.7 Calculation of percent ionization of phenylpropanolamine. Columbo AL, Ngai AL, Bourque M, et al. The editors of this textbook are all medicinal chemists, and our approaches to editing this seventh edition of Foye’s Principles
of Medicinal Chemistry are influenced by our respective academic backgrounds. w w wwww 33 Common Acidic Organic Functional Groups and Their Ionized (Conjugate Base) Forms Acids (pKa) Phenol (9-11) Conjugate Base OH R Sulfonamide (9-10) Imide (9-10) O R S NH2 O O R Alkylthiol (10-11) O N H Thiophenol (9-10) Sulfonamidate O R S NH O
O R' R R–SH O N O R' SH R' Thiophenolate S R O H R S N O N-Arylsulfonamidate O R S N O m m o o c c . The Therapeutic Use of Phytomedicinals. Although cisplatin is still an effective drug, researchers have found second-generation compounds such as carboplatin that have less toxicity and fewer side effects. 57. The ability to recognize these
functional groups and their relative acid strengths helps to predict absorption, distribution, excretion, and potential incompatibilities between drugs. 101. Triggle DJ. Note that in Equations 2.3 and 2.4, water acts as a base in one instance and as an acid in the other. Wernsdorfer WH. Molecular Imaging The clinician now has at his or her disposal a
variety of diagnostic tools to help obtain information about the pathophysiologic status of internal organs. When a permanent dipole is present, a partial charge is associated OH OH NH2 NH3 CH3 Water Solubility of Drugs The solubility of a drug molecule in water greatly affects the routes of administration that are available, as well as its absorption,
distribution, and elimination. Collection strategies for specimens from the ocean must take into account marine macroorganism–microorganism associations that may be involved in the biosynthesis of a particular secondary metabolite of interest (8). OH O HO O CH3O Tetrahydrocannabinol (THC) Cannabidiol (CBD) N CH3 Another important natural
product lead compound is the tropane alkaloid ester atropine [(±)-hyoscyamine], from the plant Atropa belladonna (deadly nightshade). In addition, the automated processing of spectroscopic data for the structure elucidation of natural products is a practical proposition (48). 2.1). It should also be emphasized that computerized data systems and the
analysis of the data have facilitated the handling of the information being generated, leading to the identification of new leads. polymerization of tubulin and the stabilization of microtubules and with camptothecin demonstrated as the first inhibitor of the enzyme DNA topoisomerase I (84). It contains levonorgestrel, the same progestin that is in “the
pill,” and should be taken within 3 days of unprotected sex and can reduce the risk of pregnancy by 89%. Microbial drug discovery: 80 years of progress. Subsequent research revealed that there are three distinct families of opiate peptides: the enkephalins, the endorphins, and the dynorphins. Qian K, Nitz TJ, Yu D, et al. In the United States, some
800,000 people are chemically addicted to heroin, and a growing number are becoming addicted to OxyContin, a synthetic opiate also known as oxycodone. Daptomycin. Then, the penicillins were isolated along with further major structural classes of effective and potent antibacterials from terrestrial microbes, and these and later antibiotics
revolutionized the treatment of infectious diseases. 104. Using traditional methods, the number of novel selective leads generated did not make this approach cost effective. For maximum efficiency and speed, HTS may be automated through the use of robotics and may be rendered as a more effective process through miniaturization. In: Cragg GM,
Kingston DGI, Newman DJ, eds. Caspofungin use in patients with invasive candidiasis caused by common non-albicans Candida species: review of the caspofungin database. Eur J Clin Pharmacol 2006;62:225–233. It also includes the study of marketed drugs, their biologic properties, and their quantitative structure–activity relationships (QSARs).
Expert Rev Anti Infect Ther 2004;2:181–196. It is of interest to note that in a survey of the origin of 30,000 structurally assigned lead compounds of natural origin, the compounds were derived from animals (13%), bacteria (33%), fungi (26%), and plants (27%) (12). There are also a variety of “secondary discriminator” bioassays that provide an
assessment of whether or not a given in vitro–active compound is likely to be active in vivo, and these require quite small amounts of test material. 968. However, to date, marine organisms have had a relatively brief history in serving as sources of drugs, with only a few examples approved for therapeutic use thus far. They consisted mainly of
digitoxin. As a result it is essential that the student apply the chemistry of the drugs to their patients and we have attempted to bridge the gap between the science of drugs and the real life situations through the use of scenarios and case studies. 53. In: Burger A, ed. This is now the most widely used cardiac glycoside. We are grateful for the many
people at Lippincott Williams & Wilkins who were there to answer questions, make corrections, and support us through their encouraging words. Feher M, Schmidt JM. Combretastatin A4 phosphate binds to tubulin and also affects tumor blood flow as a vascular disrupting agent (94,95). Efforts to develop other endocannabinoids as therapeutic
agents are in full swing in many laboratories and include preclinical testing for epilepsy, pain, anxiety, and diarrhea. This is a broad-spectrum antibiotic with activity against methicillinresistant Staphylococcus aureus (70). Figure 2.5 shows the acid–base behavior of ciprofloxacin in two different environments. No part of this book may be reproduced
or transmitted in any form or by any means, including as photocopies or scanned-in or other electronic copies, or utilized by any information storage and retrieval system without written permission from the copyright owner, except for brief quotations embodied in critical articles and reviews. Cholesterol-lowering drugs, known as statins, are one of
the cornerstones in the prevention of both primary and secondary heart diseases. Miller, PhD The University of Tennessee College of Pharmacy Memphis, TN Nader H. The synthetic form of THC (dronabinol) was approved more than 25 years ago to treat nausea and vomiting associated with cancer chemotherapy and has been used for a lesser
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Old Republic Star Wars: The Old Republic received a lukewarm response when it launched in 2011, but several changes since then have significantly opened up the appeal of the game. Biodiversity hotspots for conservation priorities. A case study: Each of the above chapters ends with a case study (see the “Introduction to Medicinal Chemistry Case
Studies” section of this preface). Goljan 2011 Michael A. Bromides were used in the middle of the 19th century as sedative-hypnotics, as were chloral hydrate, paraldehyde, urethane, and sulfenal. Temsirolimus is a semisynthetic ester derivative of sirolimus (rapamycin), with the latter compound isolated some time ago from Streptococcus
hygroscopicus (92,93). Diseases that were once thought to be caused by a single pathology are now known to have differing etiologies requiring highly specific medications. The most widely used methods for noninvasive imaging are scintigraphy, radiography (x-ray and computed tomography [CT]), ultrasonography, positron emission tomography
(PET), single photon emission computed tomography (SPECT), and magnetic resonance imaging (MRI). Statistical investigation into the structural complementarity of natural products and synthetic compounds. Swanson / Sandra I. Drug Discovery: A History. Shortly thereafter, Mechoulam and his coworkers identified the first of these endogenous
cannabinoids called anandamide and, a few years later, identified 2-arachidonylgyclerol (2-AG). Horace Wells, a dentist in Hartford, Connecticut, administered nitrous oxide during a tooth extraction while Crawford Long, a Georgia physician, used ether as an anesthetic for excising a growth on a patient’s neck. Diacetylmorphine, known as heroin, is
highly addictive and induces tolerance. J Nat Prod 2009;72:581–587. Lancet 2010;375:1569–1577. Romidepsin is a depsipeptide isolated from the soil bacterium, Chromobacterium violaceum, in 1994 (90). Organisms for natural products drug discovery work may be classified into the following kingdoms: Eubacteria (bacteria, cyanobacteria [or “bluegreen algae”]), Archaea (halobacterians, methanogens), Protoctista (e.g., protozoa, diatoms, “algae” [including red algae, green algae]), Plantae (land plants [including mosses and liverworts, ferns, and seed plants]), Fungi (e.g., molds, yeasts, mushrooms), and Animalia (mesozoa [wormlike invertebrate marine parasites], sponges, jellyfish, corals,
flatworms, roundworms, sea urchins, mollusks [snails, squid], segmented worms, arthropods [crabs, spiders, insects], fish, amphibians, birds, mammals) (24). Phenobarbital (5-ethyl-5-phenylbarbituric acid) (Fig. Tan GT, Gyllenhaal C, Soejarto DD. Sumner LW, Mendes P, Dixon RA. A major current-day component of being able to gain access to the
genetic resources of a given country for the purposes of drug discovery and other scientific study is the formulation of a memorandum of agreement (MOA), which itemizes access, prior informed consent (involving human subjects in cases where ethnomedical knowledge is divulged), intellectual property related to drug discovery, and the equitable
sharing of financial benefits that may accrue from the project, such as patent royalties and licensing fees (24,28). Nelson, PhD University of Washington School of Pharmacy Seattle, WA Barbara LeDuc, PhD Massachusetts College of Pharmacy and Health School of Pharmacy Boston, MA Thomas L. Aristolochic acid as a probable human cancer hazard
in herbal remedies: a review. It took another 120 years before the structure of morphine was elucidated by Sir Robert Robinson at the University of Oxford. (Ing did not elaborate just how this activation occurred.) The blocking effect of the larger molecule, tubocurarine, could be explained by its occupation of part of the receptor, thereby preventing
acetylcholine, the smaller molecule, from interacting with the receptor. There is increasing evidence that considerable variation in the profile of secondary metabolites occurs in the same plant organ when collected from different habitats, depending on local environmental conditions, and thus it may be worth reinvestigating even well-studied species
in drug discovery projects. Note how closely sulfanilamide resembles PABA. Approximately 35 foods of plant origin have been found recently to produce cancer chemopreventive agents, such as curcumin from turmeric, epigallocatechin 3-O-gallate from green tea, trans-resveratrol from grapes and certain red wines, and d-sulforaphane from broccoli
(Fig. A radiopharmaceutical is defined as any pharmaceutical that contains a radionuclide (5). Johnson, PharmD, BCPS University of Arkansas for Medical Sciences College of Pharmacy Little Rock, AR Paul Arpino, RPh Harvard Medical School Department of Pharmacy Massachusetts General Hospital Boston, MA Kim K. Benzocaine, procaine,
tetracaine, and lidocaine all can be considered structural analogs of cocaine, a classic example of how structural modification of a natural product can lead to useful therapeutic agents. Woster, PhD Medical University of South Carolina College of Pharmacy Charleston, SC Tanaji T. Telithromycin. The emphasis is now to inhibit the proteins in order to
slow the progression of the cancerous growth. the partially positively charged atom found in a permanent dipole (e.g., the hydrogen atoms in water) (Fig. There’s never been a better time to visit a galaxy far, far away.Alien Swarm Alien Swarm is a free online game available from Valve that pits you and up to three friends against alien monsters.
Taxonomy of the producing streptomycete and isolation of the active principle. This agent is applied to the eye to relieve itching associated with allergies. Recently, temsirolimus was approved in the United States for treating advanced renal cell carcinoma, and mechanistically, this compound is an inhibitor of the mammalian target of rapamycin
kinase (92,93). 88. Potent and selective leads are obtained from more exotic organisms than before, as collection efforts venture into increasingly inhospitable locales throughout the world, such as deep caves in terrestrial areas and thermal vents on the ocean floor. com/Lemke7e includes the following: ■ ■ ■ ■ ■ Full Text Online Image Bank
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FIGURE 1.7 Everolimus Kaduse.com Naturally occurring immunosuppressants. The emergence of the pharmaceutical industry took place in conjunction with the advances in organic/medicinal/pharmaceutical chemistry, pharmacology, bacteriology, biochemistry, and medicine as distinct fields of science in the late 19th century. Oberlies NH, Kroll DJ.
Many drugs are now available (see Chapter 27) to treat the more common type 2 diabetes in which insulin production needs to be increased. Later, investigations showed that the toxic gases had destroyed the blood’s white cells, which subsequently led to the discovery of drugs used in leukemia therapy. The observation by Woods and Fildes in 1940
that the bacteriostatic action of sulfonamide-like drugs is antagonized by p-aminobenzoic acid is one of the early examples in which a balance of stimulatory and inhibitory properties depends on the structural analogies of chemicals. Collaboration with general and specialist taxonomists is very important, because without an accurate identification of a
source organism, the value of subsequent isolation, structure elucidation, and biologic evaluation studies will be greatly reduced (31). If one closely examines the structures of other molecules with opposing effects on the same pharmacologic system, this appears to be a common theme: Molecules that block the effects of natural neurotransmitters,
such as norepinephrine, histamine, dopamine, or serotonin for example are called antagonists and, are usually larger in size than the native compound, which is not the case for antagonists of peptide neurotransmitters and hormones such as cholecystokinin, melanocortin, or substance P. 34. His friend, Sigmund Freud, suggested that they attempt to
establish how the South American Indians allayed fatigue by chewing leaves of the coca bush. However, in the late 1970s and 1980s, screening fell out of favor in the industry. In addition, this will be facilitated by recently developed techniques such as biocatalysis, combinatorial biosynthesis, combinatorial and computational chemistry, metabolic
engineering, and tissue culture. 1.8), one of the constituents of this plant known to exert antidepressant activity (104). Lieberman 2013 David L. Interference by naturally occurring fatty acids in a non-cellular enzyme based aromatase bioassay. National Cooperative Drug Discovery Groups (NCDDGs): a successful model for public private partnerships
in cancer drug discovery. Because commercial synthesis is not economical, it is obtained from the bulbs of Leucojum aestivum (snowflake) and Galanthus species (snowdrop) (1–4). However, the substance did not work in rats but did work in hens and dogs. This preface is written to explain their scope and purpose, and to help those who are unfamiliar
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Pharmaceutically active natural product synthesis and supply via plant cell culture technology. Combinatorial Chemistry and High-Throughput Screening No discussion of the history and evolution of medicinal chemistry would be complete without briefly mentioning combinatorial chemistry and high-throughput screening. The spectacular advances in
medicinal chemistry over the years are no exception. In 1972, the active principle from Artemisia annua, a plant used for centuries in Chinese traditional medicine to treat fevers and malaria, was established as a novel antimalarial chemotype. Richard Willstatter in Munich determined the structure of both cocaine and atropine in 1898 and succeeded
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Natural products also differ from synthetic products in the average number of halogen, nitrogen, oxygen, and sulfur atoms, in addition to their steric complexity (12,13). The diagnostic value of these noninvasive techniques served to establish nuclear medicine and radiopharmaceutical chemistry as distinct specialties. 6. Progress in Drug Research,
Vol. To be able to quantitatively predict the degree of ionization of a molecule, the pKa values of each of the acidic and basic functional groups present and the pH of the environment in which the molecule will be located must be known. The drug potential of epibatidine is limited by its concomitant toxicity, but it is an important lead compound for the
development of future new analgesic agents with less addictive liability than the opiate analgesics (63). In 1923, McLeod and Bunting were awarded the Nobel Prize in Medicine or Physiology, and after much controversy, they shared the prize with Collip and Best. Water is not sufficiently basic to remove the proton from ethyl alcohol to form the
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FUNCTIONAL GROUPS TO PHARMACOLOGIC ACTIVITY whether a molecule is going to be predominantly ionized or un-ionized at a given pH. Boca Raton, FL: Taylor & Francis/CRC Press, 2005. Such low molecular weight organic molecules may also be referred to as “secondary metabolites” and tend to be biosynthesized by the producing organism
in a biologically active chiral form to increase the chances of survival, such as by repelling predators or serving as insect pollination attractants, in the case of plants (9). Drug discovery and development will always maintain its role in traditional drug therapy, but its application to pharmacogenomics may well become the treatment modality of the
future. Camptothecin and taxol: historic achievements in natural products research. As a consequence, these generalizations, validated by repetitive examples, emerge in time as principles of drug discovery and drug mechanisms, principles that describe the structural relationships between diverse organic molecules and the biomolecular functions
that predict their mechanisms toward controlling diseases. What is the chemical consequence of mixing aqueous solutions of each drug in the same IV bag? It binds to domains II and V of the 23S rRNA unit of the bacterial 50S ribosomal unit, leading to inhibition of the ribosome assembly and protein synthesis. Anesthetics and Analgesics The first use
of synthetic organic chemicals for the modulation of life processes occurred when nitrous oxide, ether, and chloroform were introduced in anesthesia during the 1840s. Dalton, PhD The Ohio State University College of Pharmacy Columbus, OH Marc Gillespie, PhD St. John’s University College of Pharmacy and Allied Health Professions Queens, NY
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around for more than a decade, and it’s still going strong. Additionally, at the beginning of each chapter, one will find a list of the commonly used abbreviations in the chapter. 36. A nonopioid analgesic for the amelioration of chronic pain has been introduced to the market recently, namely, ziconotide, which is a synthetic version of the peptide, ωconotoxin MVIIA. Totowa, NJ: Humana Press, 2004. One case study is provided at the end of most chapters. Natural products in drug discovery. It was shown that THC exerts its effects by binding to receptors that are targets of naturally occurring molecules termed endocannabinoids that have been involved in controlling learning, memory, appetite,
metabolism, blood pressure, emotions such as fear and anxiety, inflammation, bone growth, and cancer. A third compound in the class of anticancer agents is paclitaxel (Taxol), discovered in 1963 by Monroe E. With the completion of sequencing of the human genome there are now greater challenges facing the drug industry for applications of new
technologies in discovery and development. Ixabepilone, a semisynthetic derivative of epothilone B, is now marketed in the United States for the treatment of locally advanced and metastatic breast cancer (86). 5. It wasn’t until 2019, a full decade after League of Legends‘ release, that Riot Studios put out its second game, Teamfight Tactics.Dota 2
Similar to League of Legends, Dota 2 is a multiplayer online battle arena (MOBA) game with players competing for control of a map. Most drugs that contain basic functional groups contain primary, secondary, and tertiary amines or imino amines, such as guanidines and amidines. 40. 59. She discovered that Taxol works by stimulating growth of
microtubules and stabilizing the cell structures so that the killer cells are unable to divide and multiply. Nelson / Michael M. The discovery of the antidepressant effects of the antitubercular drug iproniazid (isopropyl congener of isoniazid), which has monoamine oxidase (MAO)–inhibiting activity, led to a series of MAO inhibitor antidepressants
including phenelzine (Nardil) and tranylcypromine (Parnate), which are still used clinically. The launch of new natural product drugs in Western countries and Japan has continued in the first decade of 21st century, and such compounds introduced to the market recently have been documented (14,16–18). Beckett and Casey at the University of
London proposed in 1954 that opiate effects were receptor mediated, but it was not until the early 1970s that the stereospecific binding of opiates to specific receptors was demonstrated. 2. Mehta RG, Murillo G, Naithani R, et al. Fundamentals of Pharmacognosy and Phytotherapy. FUTURE PROSPECTS The beginning of the second decade of the
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“taxol”) and camptothecin were both discovered in the laboratory of the late Monroe E. Because phenytoin was not a sedative at ordinary doses, it established that antiseizure drugs need not induce drowsiness and encouraged the search for drugs with selective antiseizure action. Lemke, PhD David A. As a biophysicist and chemist, Rosenberg
realized that when he was confronted with interesting results for which he could not find explanations, he enlisted the help and expertise of researchers in microbiology, inorganic chemistry, molecular biology, biochemistry, biophysics, physiology, and pharmacology. 29. 35. This is applied in natural product drug discovery programs in an attempt to
avoid the reisolation of compounds of previously determined structure. Although animal experiments have suggested that artemisinin derivatives are neurotoxic, this may not be the case in malaria patients (1–4). Amphetamine, sedatives, and hypnotics were used to stimulate or depress the mental states of patients. Natural products to drugs: natural
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important diagnostic and therapeutic applications. Marine natural products as anticancer drugs. 68. This is one of the first examples of a new natural product drug from a marine source. The “statin” drugs used for lowering blood cholesterol levels are based on the lead compound mevastatin (formerly known as compactin), produced by cultures of
Penicillium citrinum, and were discovered using a 5-hydroxy-3-methylglutaryl–coenzyme A (HMG-CoA) reductase assay. Newman DJ, Cragg GM. 15. This compound, artemisinin (qinghaosu in Chinese), is a sesquiterpene lactone with an endoperoxide group that is essential for activity, and it reacts with the iron in haem in the malarial parasite,
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genomics era. A review and update of the current status of the vasculature-disabling agent combretastatin-A4 phosphate (CA4P). The Wall Street Journal (Eastern edition), January 9, 2006:A.1. 4. Marine and aquatic organisms are commonly extracted fresh into methanol or a mixture of methanol–dichloromethane (30). J Nat Prod 2008;71:516–519.
Plasmid DNA vaccine technology represents a fundamentally new means of treatment that is of great importance for the future of drug targeting. Players must work together to dominate the map in a fantasy world, and the game takes skill and practice — not to mention good teammates — to master. The number of drug targets once considered to be
less than 500, has doubled and is expected to increase tenfold. The fractions from the minor portion of the column eluant are introduced to a mass spectrometer, and the molecular weights of compounds present in active fractions can be determined. In Figure 2.3, the structures of sulfanilamide and p-aminobenzoic acid (PABA) are shown. w w wwww
Kaduse.com Cl N NH3 O O CH3 The plant, Cannabis sativa, the source of marijuana, has a long history in folk medicine, where it has been used for ills such as menstrual pain and the muscle spasms that affect multiple sclerosis sufferers. J Nat Prod 2006;69:700–703. Small-molecule natural products are capable of modulating protein–protein
interactions and can thus affect cellular processes that may be modified in disease states. 32. At this point, the treatment of ambulatory anxious patients with meprobamate and psychotic patients with one of the aminoalkylphenothiazine drugs was possible. These compounds, although effective antitumor agents, were very toxic. The 1950 Nobel Prize
in Physiology or Medicine was awarded to Phillip S. 60. Sixty years ago the approach to teaching drug classification was based on chemical functional groups; in the 1970s it was the relationship between chemical structure and pharmacological activity for a series of compounds, and today medicinal chemistry involves the integration of these
principles with pharmacology, pharmaceutics, and therapeutics into a single multi-semester course called pharmacodynamics, pharmacotherapeutics, or another similar name. O HO OH Morphine (analgesic) Lemke_Chap02.indd 30 OH N-Methylmorphine (muscle relaxant) X N CH3 N N Nicotine (insecticide) H3C H3C N H N CH3 X H CH2OH O
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Teoh HL. A major pharmaceutical company now manufactures paclitaxel by plant tissue culture. A rising drug industry. Korlipara, PhD St. John’s University College of Pharmacy and Allied Health Professions Queens, NY Wendel L. At present, with 300,000 to 500,000 known species, plants are the second largest group of classified organisms,
representing about 15% of our biodiversity. Lastly, a second color has been added to this edition to help emphasize particular points in the chapters. The magnitude of the pKa value is a measure of relative acid or base strength, and the HendersonHasselbalch equation (Eq. 2.6) can be used to calculate the percent ionization of a compound at a given
pH (this equation was used to calculate the major forms of ciprofloxacin in Fig. Spjut RW. It is considered that natural products and synthetic compounds occupy different regions of “chemical space,” and hence, they each tend to contribute to overall chemical diversity required in a drug discovery program (13). Modification of the barbituric acid
molecule also led to the development of the hydantoins. Caspofungin inhibits the synthesis of the fungal cell wall β(1,3)-d-glucan, by noncompetitive inhibition of the enzyme β(1,3)-d-glucan synthase, producing both a fungistatic and a fungicidal effect (73). Alternatively, partial removal of these interfering substances may be effected by washing the
final semipolar organic layer with an aqueous sodium chloride solution (31). ; cm. A permanent dipole occurs Lemke_Chap02.indd 35 O N O HN O N O Conjugate base Question: At a pH of 7.4, what is the percent ionization of amobarbital? Lemke_Chap01.indd 22 For several decades, natural products have served as a useful group of structurally
diverse cancer chemotherapeutic agents, and many of our most important anticancer agents are of microbial or plant origin. J Ethnopharmacol 2004;92:147–162. Curran MP. Some success has been met with the production of terrestrial plant metabolites via plant tissue culture (53). (Fig. 8.0 = 7.4 + log Answer: 0.6 = log 10 0.6 = [acid] [base] [acid]
[base] [acid] 3.98 = 1 [base] % acid form = 3.98 x 100 = 79.9% 4.98 FIGURE 2.6 Calculation of percent ionization of amobarbital. This is a very important concept in medicinal chemistry, because the acid–base properties of drug molecules have a direct effect on absorption, excretion, and compatibility with other drugs in solution. This branch of
chemistry is involved with the identification, design, synthesis, and development of new drugs that are safe and suitable for therapeutic use in humans and pets. In 1973, after testing 6,000 fungal broths Endo found a substance made by the mold Penicillium citrinum that was a potent inhibitor on the enzyme needed to make cholesterol; it was named
compactin (mevastatin) (Fig. 12/9/2011 4:12:11 AM CHAPTER 2 / DRUG DESIGN AND RELATIONSHIP OF FUNCTIONAL GROUPS TO PHARMACOLOGIC ACTIVITY of drug action via the concept of a “magic bullet.” He suggested that this selectivity permitted eradication of disease states without significant harm coming to the organism being
treated (i.e., the patient). Biochem Pharmacol 2009;77:1447–1457. This information may then be introduced into an appropriate natural products database, and tentative identities of the active compounds present in the active wells can be determined (50). There is no doubt that millions of people whose lives have been and will be extended through
statin therapy owe it to Akira Endo. Lemke_Historical Perspective.indd 7 NH3 Cisplatin O O Cannabis is used throughout the world for diverse purposes and has a long history characterized by usefulness, euphoria or evil, depending on one’s point of view. Drugs for Cardiovascular and Metabolic Diseases There is a close relationship between natural
product drugs and the treatment of cardiovascular and Kaduse.com 12/9/2011 1:35:41 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS metabolic diseases. In 2006, the first example of a new class of natural product prescription drugs was approved by the U.S. Food and Drug Administration, namely, a mixture of Kaduse.com
12/9/2011 1:35:43 AM 26 PART I / PRINCIPLES OF DRUG DISCOVERY sinecatechins present in a standardized extract of the leaves of green tea (Camellia sinensis). Dereplication and partial identification of compounds. NATURAL PRODUCTS AND DRUG DISCOVERY Collection of Source Organisms There are at least five recognized approaches to
the choice of plants and other organisms for the laboratory investigation of their biologic components, namely, random screening; selection of specific taxonomic groups, such as families or genera; a chemotaxonomic approach where restricted classes of secondary metabolites such as alkaloids are sought; an information-managed approach, involving
the target collection of species selected by database surveillance; and selection by an ethnomedical approach (e.g., by investigating remedies being used in traditional medicine by “shamans” or medicine men or women) (19). BOTANICAL DIETARY SUPPLEMENTS The use of phytomedicines (herbal remedies) as prescription products has been well
established in Germany and several other countries in Western Europe for approximately 30 years. Harvey AL. 66. A review of trabectedin (ET-743): a unique mechanism of action. When the origin of plants with demonstrated inhibitory effects in experimental tumor systems was considered at the U.S. National Cancer Institute, medicinal or poisonous
plants with uses as either anthelmintics or arrow and homicidal poisons were three to four times more likely to be active in this regard than species screened at random (22). Samuelsson G, Bohlin L. By 1922, researchers, with the help of James B. Marx J. Interestingly, endophytic fungi have been reported to produce paclitaxel (82) and camptothecin
(83), so it may be possible in the future to produce these important compounds by fermentation rather than by cultivation or other existing methods. Exenatide: incretin therapy for patients with type-2 diabetes. For regular players looking for a free game to enjoy, however, Dota 2 is still a good time.Forza Motorsport 6 Apex RPGs and MOBAs aren’t
for everyone. The Middle Ages The basic studies of chemistry and physics shifted from the Greco-Roman to the Arabian alchemists between the 13th and 16th centuries. These optical, nuclear, and magnetic methods are increasingly being empowered by new types of imaging agents. Lu, PhD University of Illinois at Chicago College of Pharmacy
Chicago, IL Victoria F. Myers N, Mittermeier RA, Mittermeier CG, et al. While the mod can trace its origins to a mod made for Warcraft III called Defense of the Ancients (commonly abbreviated DotA), Dota 2 is a game in its own right. However, in a major review article, Newman and Cragg from the U.S. National Cancer Institute pointed out that for
the period from 1981 to 2006, about 28% of the new chemical entities (NCEs) in Western medicine were either natural products per se or semisynthetic derivatives of natural products. It should not be thought that after approximately 200 years of investigation, the prospects of finding new drugs of natural origin are nearing exhaustion; there is still a
large scope for success in this type of endeavor. As originally drawn above, which of these two agents is more water soluble? Wani at Research Triangle Park in North Carolina (Fig. When access to marine organisms is desired, the United Nations Convention on the Law of the Sea (UNCLOS) must also be considered (29). 1.2) (6,14,17,18). Also, rare
or endangered species should not be collected; a listing of the latter is maintained by the Red List of Threatened Species of the International Union for Conservation of Nature and Natural Resources (www.redlist.org), covering terrestrial, marine, and freshwater organisms. Daptomycin is bactericidal against gram-positive organisms including
vancomycinresistant Enterococcus faecalis and Enterococcus faecium and is approved for the treatment of complicated skin and dermal infections (71). Kim Fifer, PhD University of Arkansas for Medical Sciences College of Pharmacy Little Rock, AR David A. 70. Williams DH, Stone MJ, Hauck PR, et al. Haslam E. J Nat Prod 1996;59:205–215. We
believe that our collaboration on this textbook represents a melding of our perspectives that will provide new dimensions of appreciation and understanding for all students. For Lemke_Chap01.indd 25 O HO HO H O O OH OH O OH O O OH O HO HO O Ginkgolide B O OH O 25 Hypericin CO2H NO2 O OH O O O R Aristolochic acid I ( R = OCH3)
Aristolochic acid II ( R = H) Hyperforin FIGURE 1.8 Chemicals found in various botanical dietary supplements. This characteristic might well be expected, since natural products are produced by living systems, where they are subject to transport and diffusion at the cellular level. 44. It is a broad-spectrum antibacterial that was introduced into
therapy in the last decade as a stable analog of the initially discovered thienamycin (69). In 1978, using a different fungus, Merck discovered a substance that was nearly identical to Endo’s; this one was named lovastatin (Mevacor). In the 16th century, the Swiss physician and alchemist, Paracelsus (1493–1541) popularized the use of opium in Europe.
As a result of these discoveries and the progress made in organic chemistry, the pharmaceutical industry came into being at the end of the 19th century (2). K N I T T E L Abbreviations HCl, hydrochloric acid IV, intravenous MW, molecular weight NaOH, sodium hydroxide PABA, p-aminobenzoic acid QSAR, quantitative structure–activity relationship
Medicinal chemistry is an interdisciplinary science at the intersection of organic chemistry, biochemistry (bioorganic chemistry), computational chemistry, pharmacology, pharmacognosy, molecular biology, and physical chemistry. Science 2006;311:322–325. In 1946, Frank M. Cambridge, UK: RSC Publishing, 2010:395–409. Finally, we want to
acknowledge our respective spouses, Pat and Gail, who were supportive of this timeconsuming labor of love. H3C Cl O Cl CH N O N COOH Cetirizine (Zyrtec) O N H CH3 N H3PO4 CH3 CH3 CO2 K H2PO4 CH3O O OH Penicillin V Potassium Codine phosphate Clemastine (Tavist) O COOH N CH3 CH3 Olopatadine (Patanol) 1. New therapies from old
medicines. One of the factors that served to delay the introduction of paclitaxel to the market was the need for the large-scale acquisition of this compound from a source other than from the bark of its original plant of origin, the Pacific yew (Taxus brevifolia), because this would involve destroying this slow-growing tree. Devlin 2011 Todd A. Spogøe
K, Stærk D, Ziegler HL, et al. Like some other natural product drugs, several years elapsed from the initial discovery of these substances until their ultimate clinical approval in either a chemically unmodified or modified form. In addition to the United States, a parallel increased interest in herbal remedies has occurred in all countries in Western
Europe, Canada, and Australia, in part because of a greater awareness of complementary and alternative medicine (CAM). Depending on the pH of the physiologic environment, this molecule will either accept a proton (secondary alkylamine), donate a proton (carboxylic acid), or both. Student Resources A Student Resource Center at Lemke7e
includes the following materials: ■ ■ ■ ■ ■ ■ Full Text Online Additional Case Studies Answers to Additional Case Studies Practice Quiz Questions Drug Updates U.S. Drug Regulation: An Overview Instructor Resources We understand the demand on an instructor’s time. In order to maintain its pipeline of new drugs, the drug industry is integrating
biopharmaceuticals, such as therapeutic antibodies (e.g., in the treatment of arthritis), along with small-molecule drugs. Ziconotide for treatment of severe chronic pain. 7. New DC, Miller-Martini DM, Wong YH. In the late 1980s, a series of selective serotonin reuptake or transport inhibitors (SSRIs) were developed, starting with R,S-zimelidine from
Astra Pharmaceutica (which proved to be toxic) and then R,Sfluoxetine (Prozac) from Eli Lilly and Company, the first commercially successful SSRI and the first psychotropic agent to attain an annual market above $1 billion. SELECTED EXAMPLES OF NATURAL PRODUCT–DERIVED DRUGS In the following sections, examples are provided of both
naturally occurring substances and synthetically modified compounds based on natural products with drug use. In the present era of efficient drug design by chemical synthesis aided by computational and combinatorial techniques, and with other new drugs obtained increasingly by biotechnologic processes, it might be expected that traditional
natural products no longer have a significant role to play in this regard. To enable this, the diterpenoid “building block,” 10-deacetylbaccatin III, is used as a starting material, which can be isolated from the needles of the ornamental yew, Taxus baccata, a renewable botanical resource that can be cultivated in greenhouses (80). The two arylamines
are weakly basic and, therefore, do not contribute significantly to the acid–base properties of ciprofloxacin under physiologic conditions. While you only have six tracks to choose from, they’re the same as the original game, and you have your choice of sixty cars to race on them with some truly phenomenal graphics. Unlike compounds approved as
single chemical entity (SCE) drugs, it is accepted that combinations of plant secondary metabolites may be responsible for the physiologic effects of herbal medicines. Like the more familiar therapeutic case studies, medicinal chemistry case studies are clinical scenarios that present a patient in need of a pharmacist’s expert intervention. Lemke David
A. Merck held the patent rights in the United States and, in 1987, started marketing it as Mevacor, the first FDA-approved statin. D’Incalci M, Galmarini CM. This corresponds with the beginnings of organic chemistry as a scientific discipline. Henriquez R, Faircloth G, Cuervas C. For the year 2008, it was reported that 24 animal-, 25 bacterial-, 7
fungal-, and Kaduse.com 12/9/2011 1:35:41 AM CHAPTER 1 / DRUG DISCOVERY FROM NATURAL PRODUCTS 108 plant-derived natural products were undergoing at least phase I clinical trials leading to drug development (36). Nat Rev Drug Discov 2005;4:206–220. For Tolkien enthusiasts, the game is almost a Middle Earth theme park that you
can visit from the comfort of your own home Photo Courtesy: @lotro/Twitter While some content does require a purchase, you can earn most of it for free with a bit of patience. Hydrogen bonds are a special case of what are usually referred to as dipole–dipole interactions. Currently, among the most popular botanical products used in the United
States are those containing black cohosh, cranberry, echinacea, evening primrose, garlic, ginkgo, ginger, ginseng, green tea, milk thistle, saw palmetto, soy, St. John’s wort, and valerian. From a physiologic perspective, drug molecules are always present as a dilute aqueous solution. Pelley / Edward F. An endophytic fungus from Camptotheca
acuminata that produces camptothecin and analogues. In fact, if plant-derived natural products are taken specifically, it has been estimated that of 122 drugs of this type used worldwide from a total of 94 species, 72% can be traced to the original ethnobotanical uses that have been documented for their plant of origin (19). Principles of Medicinal
Chemistry, 4th Ed. Baltimore, MD: Williams & Wilkins, 1995:927–947. Fabricant DS, Farnsworth NR. Finally in editing this multi-authored book we have tried to promote a consistent style in the organization of the respective chapters. Needless to say, a pure natural product of novel structure with in vitro and in vivo activity against a particular
biologic target relevant to human disease acting through a previously unknown mechanism of action is of great value in the drug discovery process. Cancer chemoprevention by natural products: how far have we come? 9 8 7 6 5 4 3 2 1 Lemke_FM.indd iv 12/17/2011 3:35:08 PM This textbook is dedicated to our students and to our academic
colleagues who mentor these students in the principles and applications of medicinal chemistry. With both molecules, the quaternary ammonium functional group is a common structural feature and interacts with the same region of the receptor. Economic Botany 2003;57:126–134. 65; Natural Compounds as Drugs, Vol. 69. © 1996-2014,
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H H H H O H δ O H N HH O R H O H δ+ − R' H δ+ O O δ− O H H+ δ+ δ FIGURE 2.8 Examples of hydrogen bonding between water and hypothetical drug molecules. In: Sarker SD, Latif Z, Gray AI, eds. Prisinzano TE. The history of all fields of science is comprised of the ideas, knowledge, and available tools that have advanced contemporary
knowledge. Anticancer Agents Sulfur mustard gas was used as an offensive weapon by the Germans during World War I, and the related nitrogen mustards were manufactured by both sides in World War II. J Nat Prod 2005;68:1556–1575. 19 Central and Peripheral Nervous System Drugs A comprehensive review has appeared on natural products
(mostly of experimental value) that affect the central nervous system (CNS), inclusive of potential analgesics, antipsychotics, anti-Alzheimer disease agents, antitussives, anxiolytics, and muscle relaxants, among other categories. 75. Anti Infect Agents Med Chem 2007;6:201–212. 1.2) is a semisynthetic derivative of the 14-membered macrolide
erythromycin A from Saccharopolyspora erthraea and is a macrolide of the ketolide class that lacks a cladinose sugar but has an extended alkyl-aryl unit attached to a cyclic carbamate unit. Two further new drugs derived from an invertebrate and a vertebrate source, respectively, are bivalirudin and exenatide. A peculiarity of working on plant
extracts is the need to remove a class of compounds known as “vegetable tannins” or “plant polyphenols” before subsequent biologic evaluation because these compounds act as interfering substances in enzyme inhibition assays, as a result of precipitating proteins in a nonspecific manner. 6). The drug binds to CB1 but not CB2 receptors, resulting in
the weight loss effect. Taxol was isolated from extracts of the bark of the Pacific yew tree, Taxus brevifolia. Tymoczko Lubert Stryer 2011 Thomas M. Rankin, PhD Marshall University School of Medicine Huntington, WV Mark Levi, PhD US Food & Drug Administration National Center for Toxicological Research Division of Neurotoxicology Jefferson,
AR Edward B. Schmidtko A, Lötsch J, Freynhagen R, et al. Annual Reports in Medicinal Chemistry, Vol. SUMMARY It is fair to say that more than 50% of the drugs in use today had their origin in a plant, animal, or mineral that had been used as a cure for alleviating disease occurring in man. A basic premise inherent in natural products drug
discovery work is that the greater the degree of phylogenetic (taxonomic) diversity of the organisms sampled, the greater the resultant chemical diversity that is evident. An example of how different functional groups can yield chemical entities with similar physicochemical properties is demonstrated by the sulfanilamide antibiotics. Hypnotics and
Anticonvulsants Since antiquity, alcoholic beverages and potions containing laudanum, an alcoholic extract of opium, and various other plant products have been used to induce sleep. Vaccines based on a proprietary plasmid DNA that will activate skeletal muscles to manufacture desired proteins and antigens are being developed. Farrier D, Tucker L.
All cases presented in this text underwent review by a practicing pharmacist to ensure clinical accuracy and relevance to contemporary practice. Expert Opin Pharmacother 2008;9:1955–1961. A clinical scenario section: At the beginning of the chapters in Part III and IV the clinician has provided a brief clinical scenario (mini-case) or reallife
therapeutic problem related to the disease state under consideration. Pinney KC, Jelinek C, Edvarsden K, et al. 1.4) (1–4,79). The relative fit of each drug molecule with its target is a function of a number of physicochemical properties including acid–base chemistry and related ionization, functional group shape and size, and three-dimensional spatial
orientation. Regardless of how they are used, students working thoughtfully and scientifically through the cases will not only master chemical concepts and principles and reinforce basic SAR, but also learn how to actively use their unique knowledge of drug chemistry when thinking critically about patient care. 77. Curr Drug Targets 2006;7:265–277.
FIGURE 2.9 bonds that are possible between a drug molecule and water, the greater the water solubility of the molecule. Simmons 2012 Ulrike Korf 2011 Jeremy M. Fortunately, many smaller “biotech” companies have actively taken up the challenge of contemporary natural products drug discovery from organisms. Cardellina JH. Of the 28 major
animal phyla, 26 are found in the sea, with eight of these exclusively so. Lemke, Thomas L. Patterns of accumulation of camptothecin, an anti-cancer alkaloid, in Nothapodytes nimmoniana Graham, in the Western Ghats, India: implications for identifying highyielding sources of the alkaloid. A number of official monographs for the standardization of
botanical dietary supplements have been developed over the last decade in the United States (103). Romidepsin: a new therapy for cutaneous T-cell lymphoma and a potential therapy for solid tumors. The synthesis of many other experimental analogs soon followed, and by 1983, about 35 benzodiazepine drugs were available for therapy (see Chapter
15). The recent widespread introduction of a large number of botanical dietary supplements has opened a new door in terms of research inquiry for natural product scientists in the United States. This compound binds to bacterial cell membranes, disrupting the membrane potential, and blocks the synthesis of DNA, RNA, and proteins. In: Macor JE,
ed. For example, the eluant (effluent) from an HPLC separation of a crude natural product extract may be split into two portions, so that the major part is plated out into a microtiter plate, with the wells then evaluated in an in vitro bioassay of interest. The following examples have been chosen to represent an array of different structural types of
antibacterial agents recently introduced into therapy (Fig. Medicinal chemistry studies how chemical structure influences biologic activity. In 1950, Carl Djerassi, a chemist working at the Syntex Laboratories in Mexico City, synthesized norethindrone, the first orally active contraceptive steroid, by a subtle modification of the structure of
progesterone. 87. Combinatorial biosynthesis of natural products. In turn, the laboratory study of natural product drugs commenced approximately 200 years ago, with the purification of morphine from opium. It should be no surprise that sulfanilamide acts as an antagonist to PABA metabolism in bacteria. Nat Prod Rep 2004;21:512–518.
In the eleventh book in the multimillion-selling Killing series, Bill O’Reilly and Martin Dugard reveal the startling, dramatic story of the global war against terrorists. In Killing The Killers, #1 bestselling authors Bill O'Reilly and Martin Dugard take readers deep inside the global war on terror, which began more than twenty years ago on September
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