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Preface





Pharmacognosy refers to the knowledge of drug substances (in Greek pharmakon- drug; gnosis-the knowledge). Pharmacognosy can be referred to as a scientific, which discipline is primarily concerned with the study of drugs obtained from natural sources such as plants, minerals and animals. Similarly, phytochemistry is a branch, which deal with the chemistry of the plant and plant products. The subject pharmacognosy and phytochemistry obviously deal with study of natural products and chemistry of the plants and plant-derived products. Recent trends in pharmacognosy and phytochemistry involve identification, isolation and characterization of naturally occurring substances with the help of different analytical techniques.


The subject Pharmacognosy and phytochemistry-II extends the basic understanding of chemistry of plants or plant-derived products as well as methods of extraction, identification, isolation and estimation. The subject also emphasizes different analytical techniques used in analysis of phytoconstituents.


As the new syllabus by Pharmacy Council of India (PCI) is being implemented from 2017-18, we have taken opportunity to bring out this book on the title of “Pharmacognosy and Phytochemistry-II” As per PCI Revised B.Pharm Syllabus of Semester V; the third year B. Pharmacy. In this text earnest attempt has been made to describe the course content in accordance with the revised syllabus prescribed by PCI.


The book has covered the entire syllabus of Pharmacognosy and Phytochemistry II unit wise. At the beginning of every chapter/unit the syllabus for a particular unit is given followed by detailed description of topics. At the end of every unit attempt has been made to provide probable questionnaire. Designing text sufficient care has been taken to provide suitable examples and figures/block diagram wherever applicable. The natural plant drug images have been given for better understanding and identification of the crude drugs.


In this book Unit I deal with basic metabolic pathways involved in the biosynthesis of secondary metabolites and the techniques used to determine the secondary metabolites in higher plants. Unit II describes representative crude drugs containing secondary metabolite as a chief chemical constituent like alkaloids, phenylpropanoids, flavonoids, steroids, cardiac glycosides, triterpenoids, volatile oils, tannins, resins, glycosides, irridoids, terpenoids, naphthaquinones and carotenoids. Unit III explains the methods of isolation, identification tests and estimation methods of important phytoconstituents. Similarly, Unit IV deals with commercial production methods, estimation methods and commercial applications of important phytoconstituents. Unit V explains the basics of phytochemistry and modern analytical techniques used in isolation, purification and identification of crude drugs and phytoconstituents like extraction methods, chromatographic techniques, spectroscopic methods and electrophoresis.


The text in the book is explained in a simple language with at most care to cover each and every point of the syllabus. We hope that “Pharmacognosy and Phytochemistry-II” will be found more useful to fulfilllthe requirements of B. Pharmacy students.


- Authors
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Unit I




Metabolic Pathways in Higher Plants and their Determination





PCI Syllabus


Metabolic pathways in higher plants and their determination


• Brief study of basic metabolic pathways and formation of different secondary metabolites through these pathways- Shikimic acid pathway, Acetate pathways and Amino acid pathway.


• Study of utilization of radioactive isotopes in the investigation of Biogenetic studies
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■ Biosynthesis of Glycosides


■ Biosynthesis of Alkaloids


■ Biosynthesis of Isoprenoid Compounds


■ Biosynthesis of Triglycerides


■ Biosynthesis of Phenolic Compounds


• Stress Compounds


• Study of Utilization of Radioactive Isotopes in The Investigation of Biogenetic Studies


■ Tracer Techniques


■ Other Techniques to Investigate Biosynthetic Pathways





Introduction


Plant metabolism: It is defined as the complex physical and chemical events of photosynthesis, respiration, synthesis and degradation of organic compounds. Plant body is considered as a best biosynthetic laboratory than animal body for production of primary metabolites like sugars, amino acids and many secondary metabolites of pharmaceutical importance like glycosides, alkaloids, flavonoids, volatile oils, tannins, resins, enzymes, terpenes, color pigments etc.


Metabolism is considered as a sum of all biochemical processes and is distinguished into primary metabolism and secondary metabolism. The primary metabolism comprises of all the pathways necessary for survival of the cells, example photosynthesis, Calvin cycle, glycolysis, gluconeogenesis, Kreb’s cycle etc.


Secondary metabolism produces a large number of specialized compounds (estimated around 200,000) which do not interfere in the growth and development of plants but are required for the plant to survive in its environment. Secondary metabolism is connected to primary metabolism by using building blocks and biosynthetic enzymes derived from primary metabolism. Primary metabolism governs all basic physiological processes that allow a plant to grow and set seeds, by translating the genetic code into proteins, carbohydrates, and amino acids. Specialized compounds from secondary metabolism are essential for communicating with other organisms through mutualistic (e.g. attraction of beneficial organisms such as pollinators) or antagonistic interactions (e.g. deterrent against herbivores and pathogens). They further assist in coping with abiotic stress such as increased UV-radiation. In any case, a good balance between products of primary and secondary metabolism is best for a plant’s optimal growth and development as well as for its adjustment with often changing environmental conditions. Well known secondary metabolic compounds include alkaloids, glycosides, flavonoids, terpenoids etc. Humans use quite a lot of these compounds, or the plants from which they originate, for culinary, medicinal and nutraceutical purposes.


This unit comprises of overview of basic metabolic pathways and details about the secondary metabolites synthesis in plants.


Basic Metabolic Pathways in Plants
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Fig. 1.1 Overview of biosynthesis of primary and secondary metabolites in plants


The products or byproducts of primary metabolism like carbohydrates, Acetyl COA, Shikimic acid and Mevalonic acid are used as building block or precursor for biosynthesis of secondary metabolites like alkaloids, glycosides, isoprenoids and many more. The important metabolic pathways are described here.


Shikimic Acid Pathway/Shikimate Pathway


The Shikimic acid pathway is a seven step metabolic pathway used by bacteria, archea, algae, fungi, some protozoans and plants for the biosynthesis of folates and aromatic amino acids viz. phenylalanine, tyrosine and tryptophan. This pathway is not found in animals and humans. Animlas and humans require these amino acids, hence the products of this pathway represents essential amino acids. The important steps involved in shikimic acid pathway are given below.
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Fig 1.2 Shikimic acid pathway


Steps in Shikimic acid pathway


• Phosphoenolpyruvic acid and erythrose-4-phosphate react to form 2-keto-3-deoxy-7-phosphoglucoheptonic acid, in a reaction catalyzed by the enzyme DAHP synthase.


2-keto-3-deoxy-7-phosphoglucoheptonic acid is then transformed to 3-dehydroquinic acid in a reaction catalyzed by DHQ synthase.


Although this reaction requires nicotinamide adenine dinucleotide (NAD) as a cofactor, the enzymatic mechanism regenerates it, resulting in no net use of NAD.
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• 3-Dehydroquinic acid is dehydrated to 3-Dehydroshikimic acid by the enzyme 3-Dehydroquinate dehydratase, which is reduced to shikimic acid by the enzyme Shikimate dehydrogenase, which uses nicotinamide adenine dinucleotide phosphate (NADPH) as a cofactor.
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• The next enzyme involved is Shikimate kinase, an enzyme that catalyzes the ATP dependent phosphorylation of shikimic acid to form shikimate 3-phosphate. Shikimic acid 3-phosphate is then coupled with phosphoenol pyruvate to give 5-enolpyruvylshikimate-3-phosphate via the enzyme 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase.


Then 5-enolpyruvylshikimate-3-phosphate is transformed into chorismic acid by a chorismate synthase. 
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The formation of chorismic acid is the important step in the shikimic acid pathway as this compound can synthesize different types of intermediates.


• Prephenic acid is then synthesized by a Claisen rearrangement of chorismate by Chorismate mutase. The aromatic amino acids tyrosine and phenyl alanine are biosynthesized from prephenic acid through independent pathways.


• Prephenic acid is oxidatively decarboxylated with retention of the hydroxyl group by prephenate dehydrogenase to give p-hydroxyphenylpyruvic acid, which is transaminated using glutamate as the nitrogen source to give tyrosine and α-ketoglutarate.


• Similarly, prephenic acid undergoes aromatization to synthesize phenyl pyruvic acid followed by reductive transamination to synthesize phenyl alanine.


  [image: ]


• In presence of glutamine, chorismic acid is converted to anthranilic acid. Later in conjugation with serine in presence of tryptophan synthase it converts into aromatic amino acid Tryptophan.
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Importance of Shikimic Acid Pathway


Shikimic acid is a starting point of in the biosynthesis of some important secondary metabolites, as mentioned in the following examples.


1. Biosynthesis of glycosides viz.


(a) Cyanogenetic glycosides- Prunacin, amygdalin


(b) Isothiocyanate glycosides- Sinigrin


(c) Coumarin Glycosides- Psoralen


(d) Flavanoid glycoside- Quercetin, hesperidin


2. Biosynthesis of Alkaloids


(a) Alkaloids derived from Tryptophan- Physostigmine, quinine


(b) Alkaloids derived from Phenyl alanine, tyrosine and related amino acids- Ephedrine, papaverine etc.


3. Biosynthesis of lignin- Podophyllotoxin


4. Biosynthesis of Anthocyanins- Cyanidin


5. Biosynthesis of Phenyl Propanoids- Caffeic acid


Biosynthesis of Amino Acids


Amino acids are the precursors of some secondary metabolites particularly alkaloids. Plant synthesizes both the essential and non-essential amino acids. All amino acids are derived from intermediates in Glycolysis, the Citric acid cycle or the Pentose Phosphate Pathway. Fig.1.3 represents the overview of amino acid synthesis in plants.
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Fig. 1.3 Overview of Amino Acid synthesis


Biosynthesis of Phenylalanine, Tyrosine and Tryptophan (Aromatic amino acids)


The biosynthesis of Phenylalanine, Tyrosine and Tryptophan is well explained in Shikimic acid pathway.


Biosynthesis of Glutamate, Glutamine, Proline, Arginine and Ornithine


α- Ketoglutarate intermediate from Krebs cycle is involved in biosynthesis of several amino acids. The α-Ketoglutarate initially get converted into the amino acid glutamate in the presence of aminotransferase. This gutamate synthesizes the glutamine in presence of the enzyme glutamine synthetase. L-glutamate also involved in the synthesis of proline. Ornithine is a nonprotein amino acid formed mainly from L-glutamate in plants and synthesized from the urea cycle. Arginine get synthesized through ornithine. The biosynthesis of proline, arginine is a complex biochemical chain of reactions. The possible biosynthesis can be represented as in figure1.3 (A).
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Fig. 1.3 (A) Overview of amino acid synthesis from L-Glutamate


Biosynthesis of Lysine, Aspargine, Methionine and Threonine


This is highly complex pathway which starts with intermediate of Kreb’s cycle- Oxaloacetate. The oxaloacetate undergoes transamination to synthesize aspartate. In the presence of enzyme aspartokinase (catalyst) phsphorylation of aspartate takes place which initiates the conversion of aspartate to other amino acids. Lysine is synthesized from aspartate through diaminopimelate pathway. Aspartate also involves in biosynthesis of aspargine through aspargine synthetase enzyme. The intermediate aspartate 4-semialdehyde is produced which later involved in biosynthesis of methionine and threonine.


Biosynthesis of Serine, Glycine and Cysteine


Serine is the first amino acid produced from 3-phosphoglycerate which is originated from glycolysis through the enzyme phosphoglycerate dehydrogenase. The enzyme concentration in the cell is monitored by serine. Serine is then branched to synthesize other amino acids glycine and cysteine.


Biosyntheis of Alanine, Valine, Leucine and Isoleucine


Pyruvate is the key intermediate product of glycolysis which is involved in the biosynthesis of above amino acids. The few molecules of pyruvate is branched to synthesize alanine, valine, leucine and isoleucine and major part of pyruvate enters into Kreb’s cycle.


Alanine is produced by the transamination of one molecule of pyruvate. Two molecules of pyruvates undergo condesation to produce α- acetolactic acid followed by α-keto-β-hydroxy valeric acid. The α-keto-β- hydroxy valeric acid is a intermediate to produce valine and leucine. It undergo reduction followed by transamination to synthesize valine. Similarly α-keto-β-hydroxy valeric acid undergoes acetate condensation and followed by sequence of reactions viz. reduction, dehydration and transamination to synthesize leucine


Isoleucine is produced by the same chain reaction as valine but starting with production of α-aceto-α-hydroxy propionic acid.


The Acetate - Mevalonate Pathway (Mevalonic Acid Pathway/Isoprenoid Pathway)


The Acetate mevalonate pathway is also known as isoprenoid pathways as it results in the isoprenoid synthesis via formation of isoprene units. HMG-CoA reductase (3-hydroxy-3-methyl-glutaryl-CoA reductase) enzyme plays an important role in the formation of Mevalonic acid hence pathway also known as HMG-CoA pathway. Acetic acid plays an important role in the biosynthesis of cholesterol, squalene and many steroidal compounds which are synthesized through acetate pathway. In 1950’s the discovery of acetyl Coenzyme A confirmed the role of acetic acid in biogenetic pathways.


Acetyl coenzyme A from citric acid cycle undergoes condensation with another molecule of acetyl coenzyme A to form Acetoacetyl CoA followed by condensation with another acetyl coenzyme A molecule to form 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA). HMG-CoA get reduced to mevalonic acid. This Mevalonic acid acts as a precursor in the synthesis of isoprenoid compounds. The ‘active isoprene’ C5 units; isopentenyl pyrophosphate (IPP) and its isomer dimethylallyl pyrophosphate (DMAPP) are the key intermediates synthesized by Mevalonic acid pathway. Both units yield Geranyl pyrophosphate (C10- monoterpene). This Geranyl pyrophosphate again in association with IPP unit synthesizes Farnesyl pyrophosphate (C15 - sesquiterpene). Farnesyl pyrophosphate in further association with one IPP unit produces geranyl-geranyl pyrophosphate (C20 - diterpenes). This molecule further undergoes cyclization process to produce steroidal and penta cyclic triterpenoid skeleton. In this way acetate mevalonate pathway biosynthesizes wide range of monoterpenoids to pentacyclic triterpenoids.
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Fig. 1.4 The Acetate - Mevalonate Pathway


Acetate Malonate Pathway


The Acetate malonate pathway is mainly responsible for the synthesis of fatty acids which involves enzyme fatty acid synthase. It involves Acyl carrier protein (ACP) to yield fatty acid thioesters of ACP. These fatty acid thioesters form key intermediates in fatty acid synthesis. These C2 acetyl CoA units further produce even number of fatty acids from butyric acid to arachidonic acid. Unsaturated acids are produced by subsequent direct dehydrogenation of saturated fatty acids. Enzymes involved in pathway plays an important role in governing position of newly introduced double bonds in the fatty acids.
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Fig. 1.5 The Acetate Malonate Pathway


Biosynthesis of Secondary Metabolites


Biosynthesis of Glycosides


The glycosides are the condesation products of Glycone (sugar) and Aglycone (non sugar) units. The reaction occurs in two parts; the first part of biosynthesis is the formation of a aglycone part and second part is coupling of aglycone unit with glycone moity.
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Fig. 1.6 Biosynthesis of Emodin and other Anthraquinone derivatives


The glycoside formation involves the transfer of uridyl group from uridine triphosphate (UTP) to sugar-1-phosphate in the presence of enzyme uridyl transferases to produce sugaruridine diphosphate complex. In subsequent reaction this sugar nucleotide complex reacts with acceptor (Aglycone) units which leads to glycoside production.
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A.  Biosynthesis of Anthracene Glycosides: The knowledge of biosynthesis of anthracene aglycone has been established from the (Fig. 1.6) studies with microorganisms specifically Penicillium islandicum.


Synthesis of Emodin and other related derivatives: An intermediate poly β-ketomethylene acid is considered to be formed from 8-acetate unit which undergoes intermolecular condensation gives rise to emodin and other related anthraquinone derivatives.


Synthesis of Alizarin: The another pathway for production of anthraquinone glycoside is through the Shikimic acid - mevalonic acid mediators. This pathway can be observed in Rubiaceae family plants, eg: Biosynthesis of Alizarin from Rubia tinctorum (Rubiaceae).
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Fig. 1.7 Biosynthesis of Alizarin from Rubia tinctorum (Rubiaceae)


B.  Biosynthesis of Cyanogenetic Glycosides: The aglycone units of cyanogentic glycosides are the phenylpropanoid compounds derived from aromatic amino acids phenylalanine and tyrosine obtained from Shikimic acid pathway, eg; Prunacin and Dhurrin.
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Fig. 1.8 Biosynthesis of Cyanogenetic Glycosides


C.  Biosynthesis of Isothiocyanate aglycone: The aglycones of isothiocyanate may consist of either aliphatic derivative biosynthesized via acetate pathway or aromatic derivatives produced biosynthetically via Shikimic acid route.
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Fig. 1.9 Biosynthesis of Isothiocyanate Aglycone


D.  Biosynthesis of Flavonoid Aglycone: The aglycones of Flavonol glycosides are derived from both acetate metabolism and Shikimic acid athway. The A ring arises by head -to-tail condensation of two malonyl Co-A units and Acetyl Co-A unit. The B ring and C3 unit comes from a C6-C3 precursor, which may be cinnamic acid.
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Fig. 1.10 Biosynthesis of Flavonoid Aglycone


E.  Biosynthesis of Lactone, Phenol, Alcohol and aldehyde Glycoside: The aromatic nuclei of alcohol, aldehyde, lactone and phenol glycosides are derived from C6-C3 precursor formed via Shikimc acid pathway.
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Fig. 1.11 Biosynthesis of Lactone, Phenol, Alcohol and aldehyde Glycoside


F. Biosynthesis of Aglycones of Cardiac Glycosides and Saponins: The aglycones of cardio active glycosides are steroidal in nature. They are the derivatives of cyclopentanophenanthrene ring which contains the following.


An unsaturated lactone ring attached to C 17 ,


A 14-α Hydroxyl group and


A cis- juncture of rings C & D


The steroidal biosynthesis is relatively similar to the cholesterol production via Acetate, Mevalonate, isopentenyl pyrophosphate followed by squaline pathway. The biosynthesis of cholesterol involves cyclization of aliphatic triterpene-squalene. Eg: Biosynthesis of Digitoxigenin, Digoxigenin and Gitoxigenin.


Similarly neutral sapogenins (saponin glycosides) are derivatives of steroids while acid sapogenins possess triterpenoids. Both the sapogenins are biosynthesized by similar pathway till the production of triterpenoid hydrocarbon squalene. This further branches to give cyclic triterpenoid in one direction and steroids in another direction. Figure 1.12 shows the brief outline of biosynthesis of certain steroidal compounds viz. squalene, cholesterol, digitoxigenin, scillarennin etc.
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