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Preface







For centuries the history of pharmacy has been interlinked with the history of pharmacognosy, or the study of materia medica, which is obtained from natural sources—mostly plants. The term "pharmacognosy" was first used in 1811 by Johann Adam Schmidt (1759-1809). It appeared first in the handwritten manuscript Lehrbuch der Materia Medica by Johann Adam Schmidt, though published in 1811.


Rich heritage of traditional medicinal knowledge of different parts of world is becoming global resurgence of interest in these systems especially either for prevention and or improvement in quality of life of chronic disease affected population. Advances in chemistry, analysis and biotechnology expanded the discipline to novel chemical therapeutic agents, quality control standards and plant tissue culture innovations.


Pharmacy Council of India (PCI) has introduced subject Pharmacgonosy-I in B.Pharm Fourth Semester to make students aware and understand about basics of Pharmacognosy, traditional medicine systems, primary and secondary metabolites, cultivation and conservation of medicinal plants, quality control and plant tissue culture techniques.


Theoretical knowledge of above topics will create well informed academic, clinical, hospital and community pharmacist.


Experimental skills of phytochemical screening of oragnised and unorganised crude drugs, quality control as per Pharmacopeial standards will help student to serve better in herbal industry, community, academics and research establishments.


Present book is strictly designed as per PCI syllabus to cover theory as well as practical syllabus topics to able students to upgrade the desired theoretical plus practical skills.


Subjective as well as specific and related objective (MCQs) questions are added to analyse the topic understanding of students.


I would first and foremost like to acknowledge the authors and publishers of various books, research articles, journals, websites and other sources that have been referred to for putting together to make this book an fine source of reference.


Author is thankful to all her teachers, students, friends and family for motivation of keeping writing as per the need of time and changing scenario in pharma world.


Author would like to acknowledge the excellent efforts of Publisher Anil Shah and Editor Naresh Daver for corrections and suggestions to bring out the theory as well as practical syllabus content in the form of semester book.


- Sharada L. Deore
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Part - I


(Theory)


Pharmacognosy and Phytochemistry-I




Unit 1








	1.1

	Introduction to Pharmacognosy





	1.2

	Sources of Crude Drug





	1.3

	Classification of Crude Drug





	1.4

	Quality Control of Drugs of Natural Origin









1.1 Introduction to Pharmacognosy


The term ‘pharmacognosy’ (combination of two Greek words i.e. pharmakon means drug and gnosis means knowledge) means “acquiring knowledge of drugs” was coined in 1815 by C. A. Seydler, German medical student in his thesis title “AnalyeticaPharmacognostica”. Pharmacognosy is defined as “scientific and systematic study of structural, physical, chemical and biological characters of crude drugs along with history, method of cultivation, collection and preparation for the market”.


The American Society of Pharmacognosy defines pharmacognosy as "the study of the 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’. It is also called as study of crude drugs.


Thus pharmacognostical studies of plant drugs involves study of synonyms, vernacular names, Biological sources, distribution, morphology, histology, chemistry, qualitative test, various physicochemical tests, pharmacological actions along with commercial varieties, substitutes, adulterants and any other quality control parameters of the drugs.


Scope


• The pharmacognosy has played an important role in the transformation of various basic science subjects. Pharmacognosy has a vital contribution to the advancement of natural and physical science due to advances in technologies of cultivation, purification, identification, characterization of natural drugs.


• Pharmacognosy has enabled to establish a sound knowledge of the vegetable drugs under botany and animal drugs under zoology through taxonomy, breeding, pathology and genetics concepts.


• This knowledge used to improve and modernise cultivation methods of medicinal and aromatic plants to fulfill demand from quality raw material to genetic transformations in plants to get desired characters.


• World Health Organization (WHO) has estimated that 80% of world population depends on herbal medicines for their primary health care. Some of the very famous crude drugs are senna as a purgative, digitalis as a cardiotonic and rauwolfia as an antihypertensive drug. Pharmacognosy explains thorough knowledge of the history, cultivation, collection, quality control, transport, storage and even economic impact of all these crude drugs.


• Pharmacognosy is vital link between pharmacology and medicinal chemistry because it enables isolation of purified natural drugs, converts into medicine and evaluates its therapeutic effects.


• Pharmacognosy links basic science, pharmaceuticals, ayurvedic and allopathic system of medicines to each other.


• Pharmacognosy helped to improve plant chemistry (phytochemistry) significantly with the knowledge of extraction. Varieties of chemical constituents that are accumulated and synthesized by plants have revolutionized the process of natural drug discovery.


• Novel techniques like “Bioassay Guided Fractionation” helps in the isolation of phytochemicals based on therapeutic potency. This has led to specific use of medicinal constituents or plant parts and its utilization in disease treatment.


• Recently started studies on natural drug-drug, drug-food interactions are avoiding the untoward effects of severe interactions and hence helping in obtaining the optimal therapeutic outcomes especially for classes like Blood thinners, Protease inhibitors, Cardiac Glycosides, Imuuno Suppressants.


• In the pharmaceutical industry, various drugs of botanical origin are used in drug manufacturing process. Knowledge of pharmacognosy surely helps as a research tools in the new drug/dosage form development.


• Recent guidelines for quality control of crude drugs are to assure the identity, purity and consistency of drug substances, efficacy to determine the therapeutic responses, indications, clinical aspects and pharmacological effects, safety to avoid untoward toxic reactions, interactions and contraindications.


• However, this subject is as old as pharmacy and humankind evolution; recently it is evolved as a multidisciplinary subject focusing many modern disciplines like ethanobotany, ethanopharmcology, phytotherapy, phytochemistry, chemo-taxanomy, biotechnology, clinical trials, herbal drug interaction and even novel drug delivery systems like phytosomes rather only botanical and taxanomical descriptions. Recent advances in extraction methods, analytical hyphe-nated techniques, screening methods continues to hasten major changes in this subject. Modernization of conventional and/or traditional dosage forms is opening doors to “Industrial Pharmacognosy”.


• Due to most recent technologies and innovative chemical concepts, many new drugs or drug candidates still originated from natural products or derivatives thereof. Even in this era of nanotechnology, natural drugs are important part of primary health care which is giving pharmacognosy professionals new possibilities to exploit the huge diversity designed and generated by nature.


• Due to rapid growth in demand and popularity of natural products, research has been directed towards patentable drug discovery and development in the field of pharmacognosy.


• There is a shortage of established scientists engaged in pharmacognosy research; hence detail knowledge of this subject is till need to be studied by conventional scientists. Thus, actual secret of opportunities in pharmacognosy research is that only the tip of the iceberg seems to have been discovered yet.


History


History of Medicines ranged from folklore, evidence-based medicine to antibiotics, nanotechnology, and gene therapy. Few of most notable historical medicinal texts are as follows:






	Region

	Medicinal Texts





	Egypt

	Imhotep, Edwin Smith Papyrus, Ebers Papyrus, Kahun Gynecological Papyrus





	Mesopotamia

	Diagnostic Handbook, Alkindus, De Gradibus





	India

	Ayurveda, Sushruta Samhita, Charaka Samhita





	China

	Yellow Emperor, Huangdi Neijing





	Greece

	Iliad and Odyssey are the earliest sources of Greek medical practise; Hippocratic medicine





	Persia

	Rhazes, Avicenna, The Canon of Medicine, The Book of Healing





	Spain

	Abulcasis, Kitab al-Tasrif





	Syria

	Ibn al-Nafis, Commentary on Anatomy in Avicenna's Canon, Comprehensive Book on Medicine









Through above literatures, it can be concluded that History of pharmacognosy is as old as mankind. Human being came to know medicines from nature itself. Following table is explaining various historical developments, which together contributed to the progress of Pharmacognosy. Various traditional systems of medicines from different corners of world also played vital role in development of pharmacognosy. 
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1.2 Sources of Crude Drug


Crude Drugs


Crude drugs are the drugs, which are obtained from natural sources like plant, animals or minerals and used as such as they occur in nature without any processing except collection, drying and size reduction. It also defined as the drugs that have not been advanced in value or improved in condition by shredding, grinding, chipping, crushing, distilling, evaporating, extracting, artificial mixing with other substances or any other process beyond that which is essential to its proper packing and to prevention of decay or deterioration during manufacturing. Crude drugs and their constituents are commonly used as therapeutic agents. Source of crude drugs are plant (senna, opium, digitalis and Clove), Animal (Musk, Honey, Shark liver Oil) and Mineral (Shilajit, Talc, Bentonite).






	Plant

	Plant source is the oldest source of drugs. More than 25% of the drugs prescribed worldwide are obtained from plants and more than 150 active chemical compounds from plants are prescribed. Many synthetic drugs obtained from natural precursors. More than 10 % plant formulations of total are considered as basic and essential by the World Health Organisation (WHO). Plants are very rich source of simple as well as complex and extremely diverse structures. Even many of such chemicals cannot be synthesized in laboratory. Examples: digoxin from Digitalis, quinine and quinidine from Cinchona. vincristrine and vinblastine from vinca, atropine from belladonna and morphine and codeine from opium.





	Animal

	Different animal derived products are always being part of treatment of human ailments or nutritional diet. Example: Honey from honeybee, beeswax from bees, cod liver oil from shark, Bufalin from toad, Insulin from animal pancreas, musk oil from musk, spermaceti wax from sperm whale, woolfat from sheep, carminic acid from colchineal, venoms from snake





	Mineral

	A mineral is a naturally occurring solid crystalline inorganic substance made up of one element or more elements combined together. Many minerals derived from calcium, sulfur, sodium, iron, zinc, silver, gold, diamond, quartz are practiced as medicine in a highly purified form in traditional Ayurveda, Unanai, Siddha and Chinese systems of medicines . Example: sulfur is a key ingredient in certain bacteriostatic drugs, shilajit is used as tonic, calamine is used as anti-itching agent





	Marine

	Since thousands of years, marine flora and fauna has provided many compounds which are useful in their natural form or as templates for synthetic modification of bioactives for treatment of many diseases. Marine microorganisms, plants, algae, fungi, invertebrates, and vertebrates are used to isolate more than 10,000 chemical entities. For instance, about more than 1000 patents on bioactive marine natural product have been issued since 1970. Many marine drugs are useful in food, confectionary, textile, pharmaceutical industry as gelling, stabilizing and thickening agents.. Till only 10% of marine flora and fauna have been investigated for therapeutic efficacy. Example: Agar- a jelly like substance from red algae, Carrageenans or carrageenins from red seaweeds, sodium alginate from brown seaweed





	Plant tissue culture

	Plant tissue culture refers to growing and multiplication of single cell, tissues and organs under aseptic and controlled environment on specific media. This source is very useful for large scale production of plants in limited area, conserve rare and endangered plants, produce genetically varied plants like seedless fruit bearing plants, production of therapeutically important secondary metabolites (example: antihypertensive ajmalicine from callus culture of Catharanthus roseus, anti-inflammatory berberine from suspension culture of Thalictrum minus, immunomodulatory ginsenoside from callus culture of ginseng)









1.3 Classification of Crude Drug


In Pharmacognosy crude drugs are classified in the following category.


Alphabetical classification: In this classification drugs are classified in alphabetical order using either their Greek name or Latin name. Though pharmaco-poeias, formulary, encyclopedias of various countries follow this classification, but due to lack of scientific value now-a-days this classification is not preferred. Example:- Acacia, Bael, Cinchona, Dill, Ergot, Fennel, Ginger, Henbane, Ipecac, Jalap, Kurchi, Licorice, Myrrh, Nux-Vomica, Opium, Podophyllum, Quassia, Rauwolfia, Senna, Tea, Urgenia, Vasaka, Wool Fat, Yam, Zedoary etc. Major Advantage of this method is that it provides quick reference.


Morphological classification: This is most simple classification method where crude drugs are grouped into organized drug (parts of plant like root, rhizome, flower, leaf, fruit, bark, seed, wood etc) and unorganized drug (dried lattices, dried juice, gum, wax, oil etc). But many crude drugs are very similar morphologically and hence difficult to distinguish. Many times crude drug available in powder form that time morphological classification is not so suitable and acceptable. 
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	Examples of crude drugs based on plant parts





	Plant Part

	Example





	Leaves

	Senna, Digitalis, Vasaka, Eucalyptus





	Barks

	Cinchona, Kurchi, Cinnamom, Quaillia





	Woods

	Quassia, Sandalwood





	Roots

	Rauwolfia, Ipecacuanha, Aconite





	Rhizomes

	Turmeric, Ginger, Valerian, Podophyllum





	Seeds

	Nux-vomica, Strophanthus





	Flowers

	Clove, Saffron





	Fruits

	Coriander, Colocynth, Fennel, Bael





	Entire plant

	Vinca, Belladonna





	Resins

	Balsam of tolu, Myrrh, Asafoetida, Benzoin





	Gums and Mucilages

	Acacia, Tragacanth, Guar Gum





	Dried latices

	Opium





	Dried juices

	Aloes, Kino









Taxonomic classification: In this classification crude drugs are arranged according to taxonomic order i.e. phylum, division, class, sub-class, orders, families, genus and species (See chapter 2 for more details).Precise and orderly arrangement of drugs has no ambiguity in this classification. But again this type of classification lacks scientific value and unorganized crude drugs are difficult to classify.


Phylum - Spermatophyta


Division - Angiospermae


Class - Dicotyledons


Sub-class - Sympetalae


Order - Tubiflorae


Family - Solanaceae


Genus - Atropa


Species - belladonna


Biological or pharmacological classification: In this classification, Crude drugs having similar therapeutic effects or pharmacological activity are grouped together but drugs having more than one therapeutic effect are difficult to classify. It also don’t give any idea about chemistry or taxonomy.






	Examples of pharmacological classification of crude drugs





	Pharmacological Action

	Drug





	Carminatives

	Fennel, Dill, Coriander, Clove.





	Purgatives

	Cascara, Aloe, Senna, And Rhubarb.





	Cardio tonics

	Digitalis, Squill, Strophanthus





	Anti- cancer

	Taxaol, Vinca, Podophyllum





	CNS Stimulant

	Nuxvomica





	Expectorant

	Vasaka, Liquorice





	Bitter tonic

	Gentian, Chirata









Chemical classification: This classification is purely based on chemistry of constituents. Different crude drugs are classified according to the presence of major active constituents. This is most preferred method of classification.






	Examples of chemical classification of crude drugs





	Chemical class

	Drugs





	Alkaloid

	Cinchona Rauwolfia, Datura.





	Volatile oil

	Clove, Fennel oil, Coriander





	Glycoside

	Senna, Digitalis, Licorice.





	Resin

	Jalap, Ginger, Tolu Balsam





	Carbohydrates

	Acacia, Honey, Starch, Isapgol





	Tannins

	Arjuna, Ashoka,





	Lipid

	Castor oil, Peanut Oil, Mustard,





	Proteins Enzymes

	Casein, Gelatin





	

	Papain, Trypsin









Chemotaxonomic classification: Chemo-taxonomy is a technique which establishes relation between chemistry and taxonomy. It is also called as chemosystematics. Morphological characters and chemical constituents are interrelated and have a lot significant for the plant taxonomy. Examples: In case of eucalyptus, feather-veined leaves have high Pinene content in their essential oil, while intermediate veined leaves contain both pinene and Cineole. Chemotaxonomic study starts with exact choice of group, then sound sampling, analysis of chemical content, inter-pretation, comparison and finally classification.


Serotaxonomical classification:


Serology deals with studies of antigen-antibody reaction to provide knowledge of origin and properties of antisera. Serotaxonomic classification involves phytoserology which carries in-vitro immunochemical reaction of plant proteins (antigens or agglutinogens) to detect taxonomic homology based on antibodies (agglutinins) produced in animals. Desipite significant contribution made in the serotaxonomy, it has so far not gained much importance in the plant classification. The most common approach in serotaxonomic classification of plants is “precipitin reaction”. Precipitin is antibody which causes precipitation.


Precipitin reaction: After injecting a crude plant protein extract into the blood stream of an experimental animal like rabbit or a rat results in the production of specific antibodies. When animal serum containing antibodies also called antiserum reacts in-vitro with the antigenic proteins as well as proteins from other related taxa, of which the affinities are in question, leads to formation of a precipitate. This is called precipitin reaction. The degree of protein homology is determined by the amount of precipitation and hence it is taken as a phylogenetic marker and taxonomic character. If no precipitation is observed then there is no relation and if high precipitate then close relationship among examined taxas.


Crude protein extracts contain a large number of proteins, which stimulates the production of a vast range of antibodies, which differ in their specificity and reactivity. Some are produced in abundance while others are hardly detectable. But advanced serologic techniques allows to deals with single antigen and antibody. The "antisystematic" reactions have recently been shown to result from variation in the systematic ranges of determinants; and the absorption (pre-saturation) technique for removing common determinants increases the accuracy of serological placements. Immunodiffusion in Agarose Gels, Rocket Immuno-electrophoresis and Enzyme-Linked Immuno-sorbent Assay (ELISA) are commonly used techniques in serotaxonomy.


Following are Parameters to be analysed in Pharmacognostic study of crude drug






	Parameters

	Description





	Common names

	Names in various languages





	Biological source

	Genus, species and family





	Geographical source

	Location





	History

	Discovery of crude drug





	Cultivation , collection and preparation for market

	Time and method of cultivation, irrigation, climate, fertilizers, 
collection time, processing etc.





	Morphological description

	Color, odor, taste, size, shape, extra features





	Microscopical description

	Cell, tissue type and arrangement, cell inclusions, special characters etc





	Chemical constituents

	major and minor chemical constituents present





	Chemical tests

	To Identify crude drug and its chemistry





	Uses and pharmacological actions

	Various therapeutic applications





	Adulterants and Commercial varieties

	Useful for quality control





	Formulations available in Market

	To understand market potential





	Quality control and standardization

	To establish qualitative and quantitative standards with the 
help of sophisticated instruments.









1.4 Quality Control of Drugs of Natural Origin


Evaluation of crude drugs involves the process of identification of adulteration and determination of quality of crude drugs. Or Evaluation means “confirmation of its identity and determination of its quality and purity. This can be organoleptic or morphological, microscopic, biological, physical and chemical evaluation. Thus to determine impurities is also part of evaluation and one of the major reasons of impurity in crude drugs is drug adulteration. Adulteration means sub standardisation of drug with respect to therapeutic and chemical properties by replacing wholly or partially original drug. Types and terminologies related to adulteration are given as follows:






	Types of adulteration on the basis of reasons





	Unintentional





	Misidentification

	
Due to confusion: for herb Lakshmana different species are used Arlia quinquefolia, Ipomea sepiaria
Due to lack of knowledge of authentic plant: All plants like Cressacretica, Selaginella bryopteris, Desmotrichum, fimbriatum, Malaxis acuminata (M. wallichii, Microstyliswallichii), Trichopuszeylanicus and Terminalia chebula are consistently and repeatedly referred as Sanjeevani





	Carelessness

	Root of Sida cordifolia are replaced with the whole plant of Sida cordifolia






	Geographical Unavaibility

	
Plucia lanceolata is used as Rasna in northern India while Alpinia galanga is used as Rasna in southern India.





	Morphological similarity

	
Cassia angustifolia replaced with Cassiaacutifolia and Euphorbia dracunculoides Lam. (Euphorbiaceae) with R. graveolens






	Intentional





	
Adulteration with substandard commercial varieties

	Rhubarb replaced with Chinese rhubarb or raphnotic rhubarb





	
Adulteration with superficially similar inferior drugs

	Pimpalii (Piper nigrum) adulterated by papaya seeds





	
Adulteration with artificially manufactured substances

	Artificial invert sugar are mixed with or replaced with pure Honey





	
Adulteration of exhausted drugs

	Ginger is sold after extraction of its volatile oil





	
Adulteration with synthetic materials

	Addition of synthetic Citral to oil of lime.





	
Adulteration with harmful substances

	Pieces of limestone in asafoetida and of lead in opium.





	Intentional





	
Adulteration of the species belonging to same family

	Mixing or replacement of Datura metal with Datura stramonium






	
Adulteration of different species

	Mixing of Tribulus terrestris(zygophylaceae and Pedalium murex (Pedaliaceae)





	
Adulteration with totally different drugs

	Bharangi (Clerodendron indicum) is totally replaced with Kantakari (Solanum xanthocarpam)





	
Adulteration with low cost drug

	Kumkuma (saffron) being costly herb is substituted by Kusumbha (dried flowers of American saffron - Carthamustinctorius)
















	Terminologies related to adulteration





	Inferiority

	Impairment of quality with naturally substandard drug Example: The dried ripe seeds of Strychnosnuxvomica contain 1.15% of strychnine. Seeds containing less than 1.15% of strychnine, considered as inferior substandard drug.





	Spoilage

	Impairment of quality due to addition of Spoiled drug by the action of microorganism and thus renders the crude drug unfit for human consumption.





	Deterioration

	Impairment of the quality by destruction of any valuable constituent by extraction, moisture attack, heat treatment, microbial attack or by any other means. Example: Coffee that has largely lost its caffeine through over roasting is an example of deterioration.





	Admixture

	Impairment of the quality by addition of one product to another through accident, ignorance or carelessness. Example: Senna containing a few stems





	Sophistication

	Impairment of the quality by sophistication means the intentional addition of inferior material to any substance. Example: The addition of yellow soil to powdered turmeric powder





	Substitution

	Impairment of the quality by substitution means entirely different material is used instead of original drug. Example: Cotton seed oil is sold in the place of olive oil
















	Following are few Examples of Adulterants of various crude drugs





	Crude drug name

	Adulterant





	Aconite

	Japanese aconite (A. unicinatum) and Indian aconite (A. chasmanthum)






	Alexandrian senna (Cassia acutifolia)

	Dog senna, Palthe senna, Bombay, Mecca or Arabian senna.





	Aloes (Aloe barbadensis)

	Natal aloes which contain natalion, homonatalion and resin with nataloresinotannol; Mocha aloes, black catechu, pieces of iron and stones.





	Arachis oil

	Cotton seed oil or sesame oil.





	Arjuna

	
Terminalia tomentosa (Etheral extract of arjuna gives pinkish fluorescence, while T. Tomentisa gives pale blue)





	Artemisia

	
Artemisia vulgaris Linn (Compositae)





	Asafoetida

	Gum Arabic, rosin, gypsum, red clay, chalk and barley or wheat flour.





	Belladonna herb

	Leaves of Phytolacca americana (Idioblast present), Solanum nigrum, and Ailanthus glandulosa (needle shaped crystals of calcium oxalate present).





	Black pepper

	
Piper attenuatum , Piper brachystachyum , Piper longum






	Caraway

	Indian dill fruits. Cuminum cyminum (contains cuminic aldehyde )





	Cardamom

	Orange seeds and unroasted coffee grains, Elettaria cardamom, Korarima cardamom, Cardamom husk





	Chenopodium oil

	Chenopodium ambrosoides, Chenopodium album





	Chirata

	S. Densifolia, S. Ciliate , S. Paniculata.





	Cinchona

	Cuprea bark (Remijia pedunculata, a coppery red coloured drug, contain quinine, quinidine and other alkaloid which resemble to those from cinchona bark. The bark contains numerous stone cells. Along with cinchona alkaloids, it also contains cupreine. False cupre bark (R.purdiena) contains alkaloids called cusconidine, traces of cinchonine, cinchonamine, but no quinine.





	Cinnamon

	Jungle cinnamom , Cinnamom chips, Saigolcinnamom, Cinnamomum loureirii ( Lauraceae), Java cinnamom, Cinaamomumburmanii (Lauraceae).





	Clove

	Mother clove, Blown clove, Clove stalks





	Digitalis

	Leaves of Verbascum thapsus (Schophulariaceae) contain large woolly branched candelabra trichomes. The primrose leaves from Primula vulgaris (Primulaceae) contains uniseriate covering trichomes, which are 8 to 9 celled long. Comfrey leaves from Symphytum officinale (Boraginaceae) contains multicellular trichomes forming hook at the top.





	Dill

	Anethum sowa





	Dioscorea

	
Dioscoreaflouribunda and D.villosaLinne





	Ephedra

	
E. eduisetina and E. sinica (Both Chinese). E. intermedia, E. major, E. helryetica and E. alata,Aconitum napelles (Ranunculaceae): Sida cordifolia; and S. rhombifolia(Malvaceae); Roemeriarefracta (Papaveraceae); and Taxus baccata (Taxaceae)





	Fennel

	Exhausted fennel fruits





	Ginger

	Exhausted ginger





	Guggul

	Resins of various commiphora species like C. abyssinica, C. roxburghii, C. molmol and Boswellia serrata.






	Honey

	Artificial invert sugar contains furfural which is detected by Fieh’s test and by resorcinol in hydrochloric acid.





	Liquorice

	Manchurian liquorice from Glycyrrhiza uralensis






	Male fern

	Lady fern Athyrium filix-foemina.





	Musk

	Beaver (Castor fiber), civet (Viuerrazibetha) and America musk (Fiber zibeythicus), Musk mallow (Abelmoschus moschantus)





	Myrrh

	Arabian myrrh, Yemen myrrh, Indian bdellium (Balsamodendronmukul)
















	Crude drug name

	Adulterant





	Opium

	
Papaver argemone, P. dubium, P.orientate, P. psendoorientaleand P. bracteatum which does not contain morphine and hence new source of opiate.





	Peppermint oil

	Mentha oil





	Psyllium seed (Flea seed)

	Seeds of Plantago psyllium, Seeds of Plantago lanceolata






	Punarnava

	
Trianthemaportulacastrum, Trianthemaobcordataand T. decandra
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