
​UNIT – I



Definition History, Scope & Development of Pharmacognosy.

1. Source of Drugs: Biological, marine, mineral and plant tissue cultures as source of drugs. Marine pharmacognosy, Novel medicinal agents from marine sources.

2. Classification of Drugs: Alphabetical, Morphological, taxonomical, chemical & pharmacological.

Pharmacognosy

Definition:

Pharmacognosy is the study of crude drugs obtained from plants, animals and minerals and also their constituents. The word “Pharmacognosy” was used by C.A. Seydler in 1815 [Greek word: Pharmacon (meaning drug) and Gnosy (meaning knowledge).

The subject deals with biological, biochemical, therapeutic and economic features of the natural drugs and their chemical constituents. Thus, Digitalis and its isolated glycoside, digoxin; Datura and its isolated alkaloid, atropine; Opium and its purified compound morphine, all are treated as the subject of Pharmacognosy.

History and Development of Pharmacognosy:

Primitive age:  Treatment of disease started even from the primitive age. The primitive man made an empirical use of plants for the treatment of diseases. But these informations were passed only through words of mouth.

Pre-Christian era: The available records show that Chinese medicine is the oldest. They had known about ephedrine (Called Mahuang in Chinese) even in very early days. The following are the important stages in the history of pharmacognosy—

3500-1500 BC- Ayurveda described the use of medicinal plants.

1500 BC- Ebers papyrus of Egyptian described the medicinal value of plants.

460-370 BC- Hippocrates known for his oath administered to doctors.

384-322 BC -Aristotle known for his works on animal kingdom.

370-287 BC- Theophrastus known for his writings on plant kingdom.

The era after Christ: 

This period in the history of Pharmacognosy is marked by the following important events:

1. Description of a variety of medicinal plants by Dioscorides in the first century A.D.

2. Preparation of plant and animal drugs described by Galen in 200 A.D.

3. Introduction of the term Pharmacognosy by Seydler in 1815.

Modern Pharmacognosy:

Starting from 1815, there was rapid growth in the subject of Pharmacognosy. This was due to development of various methods of isolation and characterization of active principles. Isolation of pencillin by Alexander Flemming (1922) and isolation of streptomycin by Walksman (1944) are some important developments. In recent times, the emphasis is on the preparation of semisynthetic derivatives and synthetic substitutes of naturally occurring drugs. The science of Pharmacognosy still grows with the growth of other sciences like Chemistry, Biochemistry, Pharmacology and also modern methods of isolation, synthesis etc.

 Pharmacognosy as an applied science has played a crucial role in the development of the different disciplines of science. A pharmacognosist should posses a sound knowledge of the terms used to describe the vegetable and animal drugs as covered under botany and zoology, respectively. The knowledge of the plant taxonomy, plant breeding, plant pathology and plant genetics is helpful in the development of cultivation technology for medicinal and aromatic plants. Plant-chemistry (phytochemistry) has undergone significant development in recent years as a distinct discipline. It is concerned with the enormous variety of substances that are synthesized and accumulated by plants and the structure elucidation of these substances. The technology involving extraction, purification and characterization of pharmaceuticals from natural sources is a significant contribution to the advancement of natural and physical sciences. The knowledge of chemotaxonomy, biogenetic pathways for formation of the medicinally active primary and secondary metabolites, plant tissue culture and other related fields is essential for the complete understanding of Pharmacognosy. The basic knowledge of biochemistry and chemical engineering is essential for development of collection, processing and storage technology of crude drugs.

        Pharmacognosy is an important link between Pharmacology and Medicinal chemistry. As a result of rapid development of phytochemistry and pharmacological testing methods in recent years, new plant drugs are finding their way into medicine as purified  phytochemicals, rather than in the form of traditional galenical preparations. The knowledge of pharmacology is essential for understanding action of drugs on animals and the human system. Pharmacognosy is the infrastructure on which depends evolution of novel medicines, as it is seen that several crude drugs are utilized for preparation of galenicals or as source of therapeutically significant substances that cannot be synthesized economically. Further, the crude drugs also provide essential intermediates for final synthesis of active compounds. Phytopharmaceutical or synthetic drugs derived from phytochemicals have to be ultimately incorporated in suitable dosage form which involves the knowledge of dispensing and preparative pharmacy, pharmaceutical technology and analysis.

In a nutshell, Pharmacognosy is an important bridge between the pharmaceutical and basic sciences. Pharmacognosy is a vital link between Ayurvedic and Allopathic systems of medicines. It provides a system wherein the active principles of crude drugs derived from natural origin can could be dispensed, formulated and manufactured in dosage forms acceptable to Allopathic system of medicine.  

Indigenous and Alternative systems of medicine:

It is system of medicine which is native to a particular country. Since it is practiced traditionally in the particular country, it is also called as traditional system of medicine. 

The indigenous (traditional) system of medicine practicised in India are 1) Ayurveda 2) Unani 3) Siddha 4) Homeopathic systems. 

Scope of Pharmacognosy and Phytochemical industry in India
Since indiscriminate use of synthetic drugs and antibiotics has resulted into serious symptoms all over the world, the demand of plant based raw materials for the pharmaceuticals has increased enormously. Moreover, the synthetic drugs and intermediary chemicals are extremely expensive. The World Health Organization has emphasized the utilization of indigenous systems of medicines based on the locally available raw materials, i.e.; medicinal plants. Furthermore, approximate one third of all drugs are plant based and if bacteria and fungi are also included, nearly sixty percent of pharmaceuticals are of plant origin. Our country is rich in large number of such plants that either be used directly or as the source of active principles in the formulation of drugs curing dreaded diseases. India as a whole is the richest source of medicinal plants which are distributed in almost all parts of the country. The herb collectors and small traders collect the drugs for the manufacturers of Ayurvedic and Unani medicines. But there is a shortage of these materials for maintaining the sustained supply to the plant based drug industries. It is also not proper under the present situation to be dependent only on natural resources to keep the wheel of the industries running all the time in view of the fast depleting natural wealth. This calls for the domestication and cultivation of these plants as well as increment of the drug production with uniformly high potency. At the same time increased demand of plant raw material has led to over exploitation of wild plants resulting into serious hazard. This necessiates the urgent need of their systematic cultivation for constant supply to the user industries. 
Domestication and cultivation of some of the important plants are necessary to cope up the demand of constant supply for the phytochemical industries. These plants include Adhatoda vasica,Claviceps purpurea,, Costus speciosus, Digitalis lanata, Diascorea deltoidea, Hyoscymus niger, Mentha piperita, Ruta graveolens, Santalum album, Solanum khasianum, S. lancinatum, Eucalyptus species, etc.
There are many drugs which are imported to India. These include Balsum of Tolu, Peru Balsam, Benzoin, Storax, Copiaba, Asafoetida, Ipomea, Colycynth, etc. If the cultivation of these drugs producing plants is carried out in India, sufficient foreign exchange can be saved. 

NATURAL SOURCE OF DRUGS

A drug may be defined as an intended for use in diagnosis, cure, mitigation, prevention, or treatment of disease in man or other animal, or intended to alter a body function or structure of man or other animals.

Classify Natural source of drugs:
1. Biological Source :

Higher plants

Microbes

Animals

2. Marines source

3. Mineral source

4. Plant tissue culture

1. BIOLOGICAL SOURCE

HIGHER PLANTS AS SOURCE OF DRUGS

Plants have been used in the treatment of various diseases from time immemorial. The traditional Indian system of medicine, Ayurveda, Siddha and Unani system are based on the use of plants and other natural substances. There are 200,000 to 250,000 species of flowering plants growing on earth, which belong to 10,500 genera and about 300 families.

These genera are source of drugs and are distributed among plant families like :

· Solanaceae : Datura, Belladonna, Hyoscyamus, etc.

· Cruciferae : Mustard, etc.

· Scrophulariaceae : Digitalis

· Leguminosae : Senna.

· Labiatae : Tulsi, Pudina, etc

· Rutaceae : Lemon

· Rubiaceae : Cinchona

· Umbelliferae : Fennel, Coriandeer, Caraway, etc.

· Apocynaceae : Rauwolfia, Vinca

· Plantaginaceae : Ispaghula, etc.

· Liliaceae : Scilla,

· Graminae : Wheat, Rice and maize starch

· Papaveraceae : Opium

· Dioscroeaceae : Dioscorea

Spermatophytes :

· Angiosperms (Flowering plants): They are useful source of glycoside, volatile oil and alkaloids like cinchona, belladonna and Ipecac, etc.

· Gymnosperms (Non-flowering plants): They are useful source of oil resin and alkaloids such as Ephedra.

Drugs consisting of entire plant or some part of it are often designated as crude drugs. Generally only that part of the plant, which contains the maximum amount of active constituents, is collected and marketed. Thus a crude drug may consist of seeds, fruits, and leaves, flowers, roots and barks of stem or root. Many of the plant products are important therapeutic agents like alkaloids cardiac glycosides. anthraquinones, flavonoids, mucilage and enzymes. Plant product like steroid sapogenins is important raw material for the synthesis of steroidal hormones and related drugs.

MICROBES AS SOURCE OF DRUGS :

The microbes are microscopic organism, which include viruses, bacteria and rickettsiae. These microorganisms are source of many immunizing biological.

A. Viral vaccines :

1. Smallpox vaccine contains virus of vaccinia (cow pox) which has been grown in the skin of a vaccinated bovine calf. Te vaccine in liquid form consists of a smooth aqueous suspension of infected tissue that contains 40-60% of glycerin or of sorbitol. Phenol, not more than 0.5% is added as a preservative. The vaccines are also available in dried form. It is used as immunizing agent and prophylactic against smallpox infection.

2. Rabies vaccine is a sterile preparation of killed, fixed, virus of rabies obtained from duck embryos, which have been infected with fixed rabies virus. It is available in dried form. It is used in the prevention of rabies in persons bitten by a rabid animal.

3. Influenza virus vaccine is a sterile aqueous suspension of suitably inactivated influenza virus. It is prepared from extra-embryonic fluid of chick embryo infected with influenza virus.

4. Poliomyelitis vaccine is of two types, poliovirus vaccine inactivated and poliovirus vaccine live oral. The former is a sterile suspension of inactivated poliomyelitis virus strains and the latter is a preparation of one or a combination of strains of live, attenuated polioviruses. These are used as active immunizing agent poliovirus.

5. Measles vaccine contains live attenuated rubeola (measles) and rubella (German measles) viruses. The viruses are grown on cultures of either bird’s embryo tissue or human diploid cell tissue.

B. Rickettsial vaccines: Reckettsiae are group of very small gram-negative microorganism, intermediate in size between the average bacteria and the large virus. Reckettsiae cannot  be grown in artificial media and, like virus require chick embryo or monkey kidney tissue cultures for their growth. Rickettsial vaccine is exemplified by only one preparation that is typhus vaccine produced in America. It is a sterile suspension of the killed Rickettsial organism, which is obtained by culturing I yolk-sac membrane of the developing embryo of the domestic fowl. It is used for producing active immunity against typhus fever.
C. Bacterial vaccine :

1. Typhoid vaccine is a sterile suspension containing killed selected strain of typhoid bacilli, salmonella typhi. It is used for producing immunizing agent typhoid fever.

2. Cholera vaccine is sterile suspension of killed cholera vibrio, vibrio cholerae in saline or other suitable diluents. It is an active immunizing agent for producing immunity against cholera.

3. Plague vaccine which is used to produce immunity against the disease, is a sterile suspension of killed selected strain of plague bacilli, Yarsinia pestis.

4. Pertussis or whooping cough is caused by the organism Bordetella pertussis. Pertussis vaccine is used as an immunizing agent against this disease. The vaccine is sterile suspension of killed Bordetella pertussis of a strains selected for high antigenic efficiency.

5. BCG vaccine is a dried culture of the Bacillus Calmette Guerin strain of Mycobacterium tuberculosis var. bovis. The vaccine is an active immunizing agent against tuberculosis.

D. TOXOIDS : Tetanus toxoid and diphtheria toxoid.

ANIMALS AS SOURCE OF DRUGS 

Certain animal parts and animal products are used as drug in therapeutics. The major group of animal products used in medicine is hormone, enzymes, animal extractives, organs and bile acids.

A. Hormones :

(i) Thyroid is a modified preparation of thyroid gland of sheep and pigs. It is given orally to treat patients suffering from thyroid insufficiency. It contains the hormone thyroxine and liothyronine.

(ii) Conjugated oestrogens are an amorphous preparation containing water soluble conjugated forms of mixed estrogens obtained from urine of pregnant mares. It is employed in the treatment of menopausal symptoms in the female and also used for therapy of dysmenorrhea.

(iii) Insulin is a polypeptide hormone secreted by the beta cells of the islets of lagerhans, situated in the pancreas of all vertebrates. This day it may of cattles or pigs is the major source of this hormone. These days it may be obtained by recombinant DNA technology. Insulin is available in several different forms. It is used in the therapy of diabetes mellitus.

(iv) Epinephrine (adrenaline) is a hormone produced by adrenal medulla in man. It is found in other animals also. Because of its simple structure, all of the epinephrine used in medicine today is prepared by synthetic means. It is used as a vasoconstrictor drug. It is also a rapid acting bronchi dilator useful in the treatment of acute asthma.

(v) Oxytocin is a polypeptide hormone secreted by posterior pituitary gland. It causes constraction of uterine muscles and also stimulating the ejection of milk in lactating mothers. This hormone is obtained from the pituitary glands of cattle’s and pigs. It can also be prepared by synthesis. Oxytocin is used to induce labour in full-term pregnant women and to stop hemorrhage after childbirth.

(vi) Vasopressin is also a peptide hormone obtained from the posterior lobe of pituitary gland of healthy cattles and pigs. It is used in the treatment of intestinal paralysis. It is also in the treatment of diabetes insipidus because of its anti-diuretic action.

(vii) Gonadotropins are mucoid hormones secreted by the anterior lobe of the pituitary gland. These hormones are prepared commercially from either horse serum or from the urine of pregnant woman. They control the production of sex hormones in the body. Medicinally they are used in the treatment of infertility and in cryptoichidism.

B. ENZYMES :

(I) Pancreatin is a preparation, which contains enzymes of the pancreas. It is prepared commercially from pig pancreas. It is used the treatment of pancreatitis condition resulting from a deficient production of these enzymes by the body.
(II) Trypsin is a proteolytic enzyme prepared commercially from an extract of ox pancreas. It is used by topical application for the treatment of wounds, ulcers, abscesses, and fistulas. It is also used for the same purposes inflammatory agent.
(III) Chymortypsin is also proteolytic enzyme produced by the pancreas in the form of inactive chymotrypsinogen. The enzyme is obtained commercially from the pancreas of ox. It is used for the same purposes as trypsin.
(IV) Fibrinolysin is prepared from profibrynogen, which is isolated from human plasma. It is activated to fibrinolysin by streptokinase. It is employed in the treatment of venous thrombosis and pulmonary embolism, but it is of questionable value.
(V) Pepsin is the main proteolytic enzyme of the gastric juice. It is produced commercially from glandular layer of fresh pig stomach. Pepsin is useful in the treatment of achylia gastric, a condition in which the stomach fails to produce both acid and pepsin. This condition is observed most often in patients suffering from pernicious anaemia or gastric carcinoma.
(VI) Hyalluronidase is representative of a group of enzymes, which have the common ability to cleave the glycosidic bonds hyalurinic acid, a mucopolysaccharide. Hyaluronidase is produced by some microorganismsm, and is found in the heads of leaches, in snake venom and in mammalian testes. Commercially it is produced from animal source. Its chief use is in facilitating the administration of fluids by hypoderoclysis.
(C) 
Animal Extractives and Organs : Liver and stomach preparation and bile are examples of this group. Liver and stomach are derived from healthy and domesticated animals and converted into suitable preparations, which are used as replacement therapy in pernicious anemia.

(D)
Bile is a natural secretion of the liver which passes into the intestinal tract and aid in the digestion of fats by emulsifying them and promoting their absorption.

2. MARINES AS SOURCE OF DRUGS


Marine pharmacognosy is a sub-branch of Pharmacognosy, which is mainly concerned with the naturally occurring substances of medicinal value from marine. It is not a new area for Pharmacognosy; even the early civilizations of Greece, Japan, China and India have explored marine life as a source of drugs. In the western medicine agar, alginic acid, carrageenan, Protamine sulphate, spermaceti and cod and halibut liver oil are the marines medicinal established products. The oceans cover more than 70% of the earth’s surface and contain over 300,000 invertebrate and algal species. Seaweeds have been used as crude drugs in the treatment of iodine deficiency state such as goiter etc. Some seaweed is also used in treatment of anemia during pregnancy. Seaweeds have also been employed as dressing materials ointments and gynecology. For example. Porphyra atropurpurea hae been used in Hawaii to dress wounds and burns; and Durvillaea antracyica to treat scabies in New Zealand.


During the last 30-40 years numerous novel compounds have been isolated from marine organisms having biological activities such as antibacterial, antiviral, antitumor, Antiparasitic, anticoagulants, Antimicrobial, anti-inflammatory and cardiovascular active products.
Classification

(A) CARDIOVASCULAR ACTIVE SUBSTANCES


(i) Anthopleurins : These are the group of peptides obtained from coelenterates viz. Anthropleura xanthogrammica giving type A and B (AP – A and AP – B); and A. elegantissima giving type C (AP – C) anthopleurins AP – A shows strong positive inotropic action without an effect on Na+, K+ ATPase, pump heart rate and blood pressure in various animals. It produces cardiotonic effect in conscious dog, which is 35 times potent as compared to digoxin with very less toxicity.


(ii) Eptatretin : It is found in the aneural bronchial hearts of pacific hogfish viz. Eptatretus stoutii. It is a potent cardiac stimulant with direct stimulant action on mammalian myocardium, which is comparable to adrenaline.


(iii) Laminine : A marine algae, Laminaria angustata gives this basic amino acid compound with hypotensive effects.


(iv) D (-) Octopamine : It produces adrenergic and cardiovascular response and is found in Octopus macropus, O. vulgaris and Eledone moschata.


(v) Saxitoxin : It shows a hypotensive effect and is found in butter clam i.e. Saxidomus giganteus, and California mussel, Mytilus californianus.


(vi) Autonomium : This compound has isosteric structure of adrenaline and acetylcholine and is found in Verongia fistularis. It produces both  and  adrenergic effects and also exhibits cholinergic activity. This compound shows CNS stimulant effects in mice exhibited by significant increase in spontaneous motor activity.Due to both adrenergic and cholinergic effects, this compound may prove to be useful in regulating the behaviour of heart.


(vii) ATX-II : This is one of the polypeptides found in sea anemones. Like anthopleurins, it also shows potent and dose dependent cardiotonic response in mammalian heart preparation, it is suggested that the cardiotonic effect is due to indirect action on the pump activity induced by increased Na+ transport as a result a delayed inactivation of fast sodium current.


(viii)  Beside ATX-II and anthopleurins , various polypeptide have been obtained from different sea anemones like Condylactis   gigantea with 195 amino-acid residue peptide and haemolytic action in rabbits; Parasicyonis actionstoloides with a neurotoxic  peptides and very less number of amino acids; and Actinia equina with 147 amino –acids exhibiting bradycardia, rapid hypotension and respiratory arrest in  the intact rat.


(ix) Holothurins and asterosaponins :  These are marine saponins. Holothurins contain triterpenoid  moiety as aglycone and asterosaponins have steroidal aglycone. Holothurins are presrnt in sea cucumbers, belonging to family Holothuroidae of phyllum Echinodermata. Holothurins have cardiotonic and ichthyotoxic actions. They also show haemolytic activity. Holoxins like holotoxin A,B and C are desulphated holothurins and possess antifungal activity.

Asterosaponins which are obtained from star fishes of family Asteroidae are toxic to various marine organisms. They exert different pharmacological action like haemolytic, anti inflammatory, hypotensive  and analgesic effects. They are inhibitors of ATPase, but holothurins  are more potent in this comparison.         


(x) Spongosine : Chemically, it is a nucleoside ( methoxy derivative of adenosine), it is found in the extract of caribbean sponge Crypotethia crypta. it reduces both the rate and the force of contraction of heart.


Like spongosine, many nucleoside have been reported from marine sources like doridosine (hypotensive and hypothermic) from Anisodoris nobilis,5’-deoxy- 5 – iodotubercidin (muscle relaxant, hypothermic and potent inhibitor of adenosine kinase) from algae Hypnea valentiae.


(xi) Eledosin : It is a powerful hypotensive compound obtained from posterior salivary gland of cephalopod Eledone moschata. It also shows strong vasodilator effects.

(B) CYTOTOXIC (ANTICANCER COMPOUND):

   1. Ara-C

It is 1-α-D- arabinofuranosyl cytosine or cytosine arabinoside. It is obtained as a synthetic compound based on the knowledge of naturally occurring moieties present in Caribbean sponges viz. spongosine and spongouridine. Ara-c is used in the treatment of acute myelogenous leukemia and human acute leukemia, for therapeutic purposes. It is active against Erlich  carcinoma, sarcoma-180 and L-1210 leukemia in mice.

2. Crassin acetate


It is a member of cembranoids which are cyclic diterpenes obtained from soft corals. Crassin actate is obtained from Caribben gorgonian, Pseudoplexaura porosa, which is cytotoxic to humans leukemic  and HeLa cells –in vitro.
Among the various cembranoids, a soft coral Sinularia flexibilis gives simularin, dihydrosimularin and simulariolide. 

Asperdiol, a non-lactonic cembranoid from gorgonian coral, is cytotoxic.

Many compounds with antitumour and immuno-suppressant effects have been reported  e.g. geranyl hydroquinone (cytotoxic to leukemia and mammary carcinoma ) from chloroform  extract of Aplidium species;  aplysistatin (antileukemic) from sea hare Aplysia angasi;halitoxin (antitumour) from a sponge Haliclona viridis didemnis A, B and C (potent inhibitors of L-1210 leukemic cells in-vitro and P- 388 leukemia and B-16 melanoma In –vivo)  from Caribbean tunicate Trididemnum species; majusculamine  - C (inhibitor of X-5563 myeloma) from algae, Lyngbya majuscula; and extracts and purified fractions of sea squirt, Ecteinascidia turbinata.

(C) ANTIMICROMBIAL COMPOUNDS
A large number of antimicrobial compounds have been detected from a marine organisms like sea cucumber, marine algae, sponges, sea hare, gorgonian corals and red algae. The organisms, and their antimicrobial principles are listed below in Table
Antimicrobial Principles From Marine sources

	
	Marine Organism
	Antimicrobial Compounds

	1.
	Sea cucumber, Stichopus japonicus
	Holotoxin A, B and C (steroidal glycoside) antifungal in nature Zonarol and isozonarol.

	2.
	Brown algae, Dictyopteris zonaroides.
	Tetrabromoheptanone

	3.
	Red algae, Bonnemaisonia hemifera
	Four isomers of polyhalo 3 butene – 2 one and seven isomers of polythaloacetones.

	4.
	Red algae, Asparogopsis taxiformis
	Aeroplysinin-1 (+)

	5.
	Sponge, Verongia aerophoba
	Aeroplysinin-1 (-)

	6.
	Sponge, Agelas oroides
	2-cyano – 4, 5 - dibromopyrrole

	7.
	Red algae, Laurencia pacifica and L. filformis.
	Prepacifenol

	8.
	Annelida, Thelepsus setosus
	Thelpin

	9.
	Sea hare, Aplysia californica
	Debromolaurenterol

	10.
	Gorgonian corals, Eunicia mammosa
	Eunicin

	11.
	Acanthella acuta
	Acanthelin – 1 (active against Mycobacterium)



(D)   ANTIBIOTIC COMPOUNDS 

        Some of the marine antibiotics and their respective sources have been listed below inTable-



Antibiotic Principles From Marine Sources

	
	Organism
	Antibiotic Substance

	1.
	Marine bacterium, Pseudomonas bromutilis
	2, 4, - Dibromo – 6 – (3, 4, 5 tribromopyrrole – 2 – yl) phenol

	2.
	Red algae, Chondria oppositiclada
	Cycloeudesmol

	3.
	Sponge, Ircinia strobilina and Irciniaoros
	Variabilin, Ircinin – 1

	4.
	Sponge, Verongia archery
	3, 5 – dibromo – 4 – hydroxy benzene-1- acetamide



(E)   ANTI-INFLAMMATORY AND ANTISPASMODIC AGENTS 


Manoalide, a non-steroidal anti-inflammatory compound, has been obtained from the sponge Luffariella variabilis. Probably, it acts by direct inactivation of phospholipase A2,  which is an enzyme, present  in some neurotoxins and also has a role in synthesis of prostaglandins in humans. Manoalide has analgesic and selective anti-inflammatory properties.


The other anti-inflammatory agents reported are dendalone- 3- hydroxy butyrate from a sponge, Phyllospongia dendyi flexibilide from a soft coral, Sinularia flexibilis and is chemically diterpenoid cembrane; 6-n-tridecyl salicyclic acid from the brown algae, Caulocystis cephalornithos.


The muscle relaxant action is associated with flustramine A and B which are present in Flustra foliaceae, a swedish marine moss. Tetradotoxin obtained from liver and ovaries of puffer fishes, is a strong antispasmodic.

(F)  MISCELLANEOUS  COMPOUNDS

The marine products like insecticides, anthelmentics, anticoagulants and compounds with special activities have been included in this group.


Kainic acid, a potent convulsant, has been isolated from red algae,Digenea simplex which shows antiascariatic activity. Also, domoic acid has been found in a red algae Chondria armata  with activity against ascaris and pinworm.


A marine annelid, Lumbriconeris heteropoda gives nereistoxin found to be useful as an insecticide due to its ganglion blocking effects. A  semisynthetic derivative viz. cartap from nereistoxin is commercially used as insecticide.

Didemnins A, B, and C have a protective action against Herpes simplex type-2 virus in mice . Ara –A, a derivative of adenine arabinoside (from a sponge) is active against Herpes encephalitis. 


A yellow sponge, Verongia spengeli gives aplysinopsin which has antidepressant action in animals and also cytotoxic activity.


Antilipemic activity is shown by laminarin. The different species of Eucheuma, Chondrus and Gigartina are reported to contain carrageenan, an anticoagulant agent. 


A number of mammalian prostaglandins , like PGA2, PGE2, etc. have been obtained from the gorgonian, Plexaura homomalla, which may be used directly or in a simple derivative form as drugs for treating asthama, peptic ulcer and also in birth control .
Acanthifolicin is polyether antibiotic, found in a sponge Pandaros acanthifolium, which also possesses cytotoxic activity.

(G) MARINE TOXINS  


Some of the microoganisms from the sea which are autotrophic, also act as a source of toxins. These toxins are both ectocrine or external metabolites and endotoxins. Such endotoxins are some of the most potent materials.
      The best known marine biotoxins are tetradotoxin, paralytic shell fish toxin and ciguatera toxin.


(i) Ciguatoxin : It is present in red tide dinoflagellate Gambier discus-toxicus. The term “ciguatoxin”  was first used to describe an  ailment associated with the ingestion of marine snails. Ciguatera poisoning is also thought to be due to various intermediates in food, mainly species of blue green algae. Ciguatoxin is the factor isolated from pacific red snapper and considered to-exert toxicity i.e. ciguatara poisoning. The toxic symptoms are associated with neurological, cardiovascular and gastro-instestinal systems like respiratory depression and bradycardia, release of nor- epinephrine from the presynaptic sites in the neuromuscular junction of guinea pig, etc.   


(ii) Palytoxin : It is a long chain polyhydroxy macromolecule present in Palythoa  species and is most potent coronary vasoconstrictor.

      Palytoxin can exert full effect on coronary arteries in an isolated guinea- pig heart even at vary low concentration. Beside such effect, it also has actions on nerve tissues and muscles. It elevates T wave and S-T segment in ECG of rat, dog and guinea pig.


(iii) Red tide toxins (Paralytic shell fish toxins) : These include brevetoxin, saxitoxin, gonyautoxins, etc . The “red water’’ or “red tide” are the massive marine local growths or blooms of various algae or protozoa, and they cause a change in colour of water suface,like yellow,brown of green and not always red. They are dinoflagellates which bloom periodically and contain peridinin, a red colour pigment. The most deleterious among them are Gonyaulax catenella giving saxitoxin, G. tamarensis with gonyautoxin and brevetoxin from Ptychodisus breuis. Mainly in adverse conditions like oxygen deficiency, environmental imbalance of nutrients, accumulation of hydrogen sulphide in surroundings, red tides exert drastic effects due to their toxins and may turn a rich fauna into biological desert. The different brevetoxins exert either neurotoxic or haemolytic effects. Brevetoxin-B shows positive inotropic and arrhythmogenic activities on rat and guinea –pig hearts accompanied by AV block.

Marine Toxins and their Physiological Effects


Organism 




Physiological Effects 


1.
Gymnodinium breve



depolarises membranes, RBC haemolysis 






and neurotoxic
2.
Gymnopodinium ueneficum

depolarises membranes, permeability 







alteration to Na+   

3.
Gonyaulax catenella (saxitoxin) and
block membrane Na+ conductance 


G.tamarensis.   

4.
Haliclona rubens (halitoxin)

potent neuromuscular blocker 

5.
Amphidinium  carters


acetyl- choline like activity

6.
Lophogorgia rigida :(lophotoxin) 

neuromuscular blocker 

7.
Anacystis cyanea



neurotoxin, fast death factor

8.
Gambierdiscus toxicus (maitotoxin)
stimulates calcium channels in insect 






         
skeletal  muscles

9.
Prymnesium parka



neurotoxin, blocks end plate transmission,









haemolytic agent




 10. 
Palythoa species 



most potent coronary vasoconstrictor 

 11.
Ptychodiscus brews 


positive inotropic and arrhythmogenic

 12.
Babylonia japonica (neosurugatoxin)
potent blocker of sympathetic ganglia and 







a specific blocker of nicotinic Ach receptor

 13.
Gambierdiscus toxicus (ciguatoxin)
respiratory depression and bradycardia 


Gonyautoxin and saxitoxin bind to sodium channels on the outside of excitable membranes and allow an influx of sodium ions in exchange of potassium ions reflux with the attendant membrane depolarisation.

DRUGS OF MINERAL ORIGIN


Eventhough, majority of natural drugs are derived from plant and animal origins, a few of them obtained from mineral sources are of paramount significance as pharmaceutical aids. The drugs of herbo-mineral origin like shilajit and momia are very effective tonics and stimulants. The summary of mineral drugs is given in Table -
Mineral Drugs

	
	Name
	Main Constituents
	Uses

	1.
	Asbestos (amianthus)
	Double silicate of calcium and magnesium with little iron montmorillonite.
	In bacterial filters and for filtration of caustic alkalies, heat resistant insulator fireproof gloves and clothing.

	2.
	Bentonite (whilkinite)
	Zinc oxide and 0.5% of ferric oxide
	Suspending agent, emulsifier, base for plasters, lipsticks, roues and depilatories.

	3.
	Calamine
	Zinc oxide and 0.5% of ferric oxide
	Skin protectant and astringent locally

	4.
	Chalk (whiting, prepared chalk)
	98% of calcium cabonate and 0.5% of magnesium carbonate.
	Antacid, in toothpowder, dusting powder, in diarrhoea and a dietary supplement.

	5.
	Fueller’s earth (floridin)
	Aluminium magnesium, silicate (Non plastic).
	Dusting powder for decolouring of oils, filter aid, cleansing woolen fabrics and as filler for rubber.

	6.
	Kaolin (china-clay, porcelain clay)
	Hydrated aluminium silicate.
	Adsorbent, as filter aid, pill excipient in poultices.

	7.
	Kieselguhr (Diatomaceous earth)
	Aluminium silicate.
	Filter aid for clarifying liquids.

	8.
	Talc (talcum, French chalk)
	Hydrated magnesium silicate.
	Lubricant, dusting powder and as filter aid.

	9.
	Shilajit
	Herbo-minerals.
	General tonic, aphrodisiac.

	10.
	Mica
	Alumino-silicate
	General tonic, aphrodisiac, Insulation, refractory bricks etc.




Clays are products of composition of rocks rich in aluminium silicate. They possess characteristic plasticity and can be easily moulded into any shape. Clays are made up of mineral grains, some of which are very small in size. The clays are classified into following three groups.


(1) Kaolin group : It includes kaolinite; nacrite; dickite; annauxite and halloysite. All of them are hydrated aluminimum silicate (Al2 O3 . 2SiO3 . 3H2O)


(2)  Montmorillonite group ; It includes montmorillonite. (Mg . Ca)/Al2O3 ; 5SiO3 . 2H2O  ; beidellite and saponite.


(3) Alkali-bearing clay minerals : Like clay, mica-clays can also be classified according to their uses.


(i)
White ware clays (non-plastic and plastic), kaolin (porcelain or China clay) 


ball clay and paper clay.

(ii)
Refractory or fire clay : Glass pot clay, Flint clay, plastic fire clay, and 
graphitic fire clay.

(iii)
Pottery or stoneware clays.

(iv)
Medicinal clays, i.e. Bentonite.

KAOLIN

Synonyms 


China clay, Kaolinum proderesum

Source


Kaolin is a purified native hydrated aluminium silicate free from gritty particles. It is obtained by powdering the native kaolin, elutriating and collecting the fraction, which complies with the requirements of particle size. The native clay is derived from decomposition of the felspar (potassium aluminosilicate) or granite rock and contains silica (47%), alumina (40%) and water (13%).

Geographical Source

It is mainly found in South Eastern United States, England, France, and India.

Description


The different types of kaolin are as follows :


1. Heavy kaolin : It is purified hydrated aluminium silicate powdered so as to make free from gritty particles by elutriation.


2. Light kaolin ; it is identical to heavy kaolin, but is limited to certain particle size and contains suitable dispersing agent.


3. Natural light kaolin : It is also a native hydrated aluminium silicate free from gritty particles, but devoid of dispersing agent.


Colour

-
Normally, it is white, but often gets tinged to grey, yellow or 




brown due to impurities.


Odour

-
It is almost odourless.


Size

-
10 to 60 in size.

Standards


Fusion point
-
1700o to 1800oC.


Density
-
2.3

Solubility


It is insoluble in water and in mineral acids. It is not affected by dilute hydrochloric acid, but decomposed by conc. sulphuric acid after prolonged boiling. It absorbs small amount of water.

Identification


Heat kaolin on charcoal block with cobalt nitrate, it forms blue mass due to alumina.

Uses 


It is used as an adsorbent by oral administration, in the treatment of enteritis, dysentery and in alkaloidal and food poisoning. It is also applied externally as a dusting powder and also as clarifying agent during the filtration. Mostly, light kaolin with a particle size less than 10 is used in pharmaceutical preparations.


Heavy kaolin with particle size up to 60 is only used in the preparation of kaolin poultice.


It is used as filler in paper, rubber, ceramics, cement and fertilizer industries. It is used in anticaking preparations, cosmetics, insecticides, paints and as source of alumina.

ASBESTOS

Synonym


Amianthus

Source


It is a fibrous variety of mineral silicates found in two forms, i.e. serpentine and amphibole. The most common fibrous form of serpentine in known as chrysotile [Mg6 (S14 O10 ) OH8] while amphibole is subdivided into four types as under,-

1.
Anthophyllite

[(Mg . Fe7) Si8 O22 (OH)2]


2.
Amosite

[Fe5 Mg2 (Si8 O22) (OH2)]


3.
Actinolite

[Ca2 (Mg . Fe)3 (Si​8 O22) (OH)2]


4.
Tremolite

[Ca2 . Mg5 (Si8 O22) (OH)2]


It is found in Canada, Italy, Australia and Rhodesia. Asbestos is mined in open quarries.

Description 


Absestos is white to slightly greenish mineral. It is odourless and is easily broken into long, fine and flexible fibres. It can be spun and woven to form a coarse cloth. It is unaffected by heat. Chrysotile is attacked by acid, while amphiboles are acid resistant. It is also unaffectedby alkalies.

Chemical Constituents


It is a double silicate of calcium – magnesium with little amount of iron which gives colour to asbestos.

Uses 


It is used as filtering medium for caustic alkalies, for bacterial filters,heat resistant insulators, fireproof clothing.

Caution


Occupational exposure to asbestos is carcinogenic.

FUELLER’S EARTH

Synonym 


Floridin


The word Fueller’s earth is derived from the ancient process of cleaning or fulling wool to remove oil and dust particles with a water slurry of earth.

Source


Fueller’s earth is mined in open quarry.


It is a non-plastic type of kaolin, containing aluminium magnesium silicate.

Geographical Source


It is found in Hampshire, Surrey, Somerset, Dorset and Glaucestershine.

Description 


It is white to yellowish grey in colour, odourless and tasteless powder. If put into water, it swells and acquires non-plastic texture.

Chemical Constituents


Fueller’s earth has the following approximate composition SiO2 – 55% ; Al2O3 -16% ; CaO – 3.5% ; MgO – 2.0%, Fe2O3 – 6% ; Water – 10% representing montmorillonite 50% and silica 18%.

Uses


It is used as decolourizer for oils and other liquids, as clarifying and filtering agent and for cleansing of wooden fabrics. Due to absorbent property, it is used in the preparation of dusting powders.

TALC

Synonyms


French Talc,Talcum, Soap stone, Purified Talc.

Source


It is natural hydrated magnesium silicate. It is purified by boiling with dilute hydrochloric acid, decanting the liquid, washing the residue several time with water and drying at 100oC.

It is plentifully available in France, New York state, Italy and also in India. 

Description 


It is a very fine white or greyish-white powder, without odour and taste. It is free of gritty particles, greasy to touch and adheres to skin. Talc is insolube in water, dilute acids and alkali hydroxides. it is a fine variety of stearite occuring as massive mineral with pearly white lusture and non-plastic thus, distinguished from mica.

Standards


Density : 2.2 to 2.8

Chemical Constituents 


Chemically, it is hydrated magnesium silicate represented by formula Mg6 (Si2O5)4 (OH)4. Normally, it contains 1 to 2% of iron oxide and only traces of aluminium oxide. Colour of the talcum powder is due to iron oxide content.

Chemical Test


(1) Fuse about 0.5 g talc with 0.2 g each of anhydrous sodium carbonate and potassium carbonate in a platinum crucible. Dissolve the fused mixture into 50 ml of water and to it add hydrochloric acid and until it ceases to effervescence. Add little more acid and evaporate the contents to dryness on water bath. Cool it, dissolve in 20 ml of water, boil and filter. To the filtrate, add about 2 g of ammonium chloride and 5 ml of dil. ammonia solutions. Remove the precipitate formed, if any by filtration. To the filtrate, add sodium phosphate, white crystalline precipitate of magnesium ammonium carbonate is formed.


(2) Yields the reactions characteristics of silicate.

Uses 


It is used as a filter aid for filtration and clarification of cloudy liquids; as lubricant in preparations of pills and tablets and as a dusting powder.


It is used in paint and varnish industry, as a filler for paper and as heat and electric insulator.

PREPARED CHALK

Synonyms 


Chalk; creta; Paris-white; Whiting; English white.

Source


Chalk is a native form of calcium carbonate, freed from most of the impurities by elutriations. It contains not less than 97.0% w/w of calcium carbonate (CaCO3​), when dried at 100oC.

Collection and Preparation


Chalk is mined in open quarry, pulverized and then purified by elutriation. The water is removed and the insoluble chalk is settled forming flat cakes, known as ‘whiting’. It is purified further for pharmaceutical use.

Description


Chalk is colourless, odourless, white earthy and soft to the touch. It is amorphous and insoluble in water. When reacted with acids, it effervesces.

Chemical Constituents


It contains calcium carbonate (96%), magnesium carbonate (0.5%), 0.5 to 1.0% of silica, traces of iron, manganese and aluminium oxides.

Uses 


Prepared chalk is used as an antacid, a dietary supplement, a dusting powder, and an antidiarrhoeal. It is used in face powders, and as an abrassive in tooth-powders and tooth-pastes. It is also used in the manufacture of antibiotics and pharmaceuticals.

Precipitated Chalk


This variety can easily be detected from the prepared chalk by microscopic studies. The foraminiferous shells (the shells of micellular animals of foraminifera) are absent in precipitated chalk, as it is obtained by chemical reactions. Prepared chalk contains various shapes and sizes of foraminiferous shells, as observed under microscope using cresol as mountant.

KIESELGUHR

Synonyms


Diatomaceous earth, Celite super-cel, Industrial Earth.

Source


It is a natural diatomaceous earth consisting of siliceous skeletons of fossils, family Bacillariceae (sub-division of the algae), purified by treating with dilute hydrochloric acid, washings with water and drying.

Geographical Source


Huge quantity of this earth is available in West Germany, Denmark, Algeria, Kenya, U.S.A. (California and Virginia), Scotland and Ireland.

Preparation


Kieselguhr is normally mined in an open quarry wherein large blocks containing moisture to the extent of 30-40% are arranged and air-dried. The blocks containing 5-10% of moisture are then pulverised to produce fine powder and subsequently graded. The powder is then subjected to acid treatment, washed throroughly with water and finally dried.

Description 


Kieselguhr is a brownish-grey to white coloured light powder. It is odourless and tasteless. Kieselguhr is very smooth, adheres to the skin after rubbing. It is not slippery. It absorbs moisture, but does not swell when mounted in cresol. It is invisible in polarised light with crossed nicols. Diatoms vary in size from 5 to 100 to 500  and exhibit two shapes, elongated and circular or triangular known as discoid.

Chemical Constituents


Diatomite contains 75 to 90% of silica, 1 to 5% of aluminium oxide; calcium oxide (1.5%) magnesium oxide (1.5%) and iron oxide (5%).

Uses


It is used as a filter aid, and for clarification and decolourization of liquids. It is used for the manufacture of tooth powder, face powder and nail polishes. Now-a-days, filter candles are made from diatomite.

BENTONITE

Synonym


Whilkinite

Source


It is a natural colloidal hydrated aluminium silicate (clay) found in many parts of world, specially Italy, Canada, South Africa and Mid-West U.S.A.

Preparation


Bentonite is found in the form of soapy lumps in the mines. Lumps are steam-dried, followed by pulverisation and sifting.

Description 


It is cream to pale buff (yellowish or pinkish tint) coloured very fine powder, free of grittiness. It is odourless and earthy in taste. Bentonite is insoluble in water and organic solvents. When added to water, it swells about 12 times of its volume.

Standards 


Loss on drying
-
5 to 12%


pH of 2.0% solution
-
9 to 10.5


Arsenic

-
> 3.0 ppm.


Swelling powder
-
< 12 times

Chemical Constituents


It contains about 80.0% montmorillonite (Al2O3 . 4SiO2 . H2O). Further analysis reveals about 60% SiO​2; 20% Al2O3, 2 – 3% magnesium oxide, besides 3.0% ferric oxide.

Chemical Test 


(1) Take 2 g of bentonite with 4.0 g of anhydrous sodium carbonate; warm with water, and filter. Acidify the filtrate with hydrochloric acid and evaporate to complete dryness. Warm the residue with dilute hydrochloric acid. The acid solution when treated with solution of ammonium chloride gives a white gelatinuous precipitate, soluble in acetic acid and also in hydrochloric acid.


(2) Mount little bentonite in safranin solution (1.0% w/v safranin in 70% alcohol). It acquires permanent deep red colour.


(3) When mounted in methylene blue solution (0.1% solution of methylene blue in 95.0% alcohol), it produces deep-blue colour.

Uses 


Bentonite is used as suspending and emulsifying agent and base for plasters. Bentonite should comply tests for sedimentation volume and swelling power.


It cosmetics, it is used in base for creams, lipsticks, depilatories etc.

CALAMINE

Synonym


Prepared Calamine

Source


Calamine is an ore and chemically it contains zinc oxide with a small amount of ferric oxide and contains after ignition not less than 98.0% of zinc oxide.

Description


It is a odourless colourless powder, pink in colour and very fine. Calamine is insoluble in water and soluble in mineral acids.

Standards

Acid insoluble substances

-
not more than 2.0 % 

Loss on ignition


-
not more than 1.0% 

Arsenic



-
not more than 10ppm

pH




- 
slightly alkaline

Chemical constituents  

it contains 99% Zinc oxide and 0.5% of ferric oxide. The colour of calamine is due to ferric oxide only. It should not contain calcium for pharmaceutical purposes.

Chemical Test 


(1) Mix 1g of calamine in 10 ml of dilute hydrochloric acid and filter. To this solution, add ammonium sulphide a white precipitate soluble in hydrochloric acid but, insoluble in acetic acid is produced.


(2) Dissolve 1g of calamine in 10 ml of dil. hydrochloric acid, boil and filter. To the filtrate, add solution of ammonium thiocyanate-red colour is produced.

Use


It is used topically as astringent and skin protectant. It is an ingredient of lotions and cosmetics.

SHILAJIT

Source


It is a herbo-mineral drug ejected out of fissures in iron rich rocks, during hot weather.

It is found to be produced naturally in mountainous areas, especially Himalayas, Vindhya and other mountains in India and also in Nepal. It may also be found as a tar in the earth crust, formed due to decomposition of vegetable substances. It is observed that ‘Momia’, which occurs in Arabia and Persian mountains, resembles Shilajit.


The following forms of this drug have been reported in ancient Hindu literature, viz.


1.
Iron shilajit (blackish-brown variety)


2.
Copper shilajit (blue variety)


3.
Copper shilajit (white variety)


4.
Gold shilajit (red variety)

Chemical Nature


Purified shilajit contains albuminoids, fatty, trace elements, waxes in addition to minerals. Fulvic acid – 7 – methoxy carboxy biphenyl isolated from shilajit shows potent antistress action.

Uses 


It is used as a general tonic stimulant and aphrodisiac shilajit of authentic quality is an important ingredient of ayurvedic preparations meant for strengthening immunising system of human body. It is a unique blend of herbal and mineral ingredients formed by a unique natural process.

MICA

Source


Micas represent a group of aluminosilicate minerals.


They have a perfect cleavage in a single direction and can spit into extremely thin, flexible tough sheets. Mica sheets are arranged in layer naturally i.e. they are laminated.

The common mica known as musovile is valuable of all the micas.

Geographical Source 


Micas are found in India, Peru, Madagascar and Bolivia. India is the largest producer of mica in the world, and about 80% total world production of sheet mica and spittings are produced in India.


Rajasthan, Bihar, Gujarat, Andhra Pradesh, Tamil Nadu and Kerala are the states producing mica on commercial scale. Karnataka, Orissa, Rajasthan, Punjab also produce micas on small scale. Bihar mines are full of excellent quality.

Description 


Mica occurs as thin films which are colourless and transparent when pure. It may be stained or tinted due to impurities. The ‘book’ form is white, red or green in colour.


Flakes, quartz, spittings, mica-waste are the other forms of mica produced during processing of mica.


(1)
Specific gravity of mica

:
2.7 – 3.3


(2)
Hardness (muscovite)

:
2.0 – 2.5


(3)
Index of refraction


:
1.58 – 1.60


(4)
Dielectric strength (muscovite)
:
3.3 – 8.5 k.v./mil


(5)
Power factor / power loss

:
0.02 – 0.04


(6)
Micas arebad conductor of heat and electricity; unaffected by fire, water, 


acids and alkalies.

Chemical Nature


Micas are extremely complex and variable chemically.


(1)
Muscovite or Potash mica


[H2.KAl3 (SiO4)3]


(2)
Phlogopite or Magnesium mica

[H2.KMgAl(SiO4​)3]


(3)
Biotite or Magnesium – iron mica

[H2K(Mg.Fe)3​ Al(SiO4)3​]


(4)
Paragonite or Sodium mica

[H2.NaAl3(SiO4)3]


(5)
Zinnwaldite or Lithium-iron mica

[Li2K2Fe2Al4Si7O24]


(6)
Lepidomelane or Iron mica


[(H2.k) Fe3(AlFe) (SIO4)3]


Muscovite is most valuable important of all the micas.

Uses 


Most of the world production of mica-sheet is consumed by electrical industry. Block and film mica are used in the manufacture of commutators, armatures, dynamos, transmitters, tranasformers, spark plugs and ondensers.


Additionally, mica is also used in furnaces, jacketting of boilers and steam pipes, chimneys, paintings, picture protection, insulating refractory bricks, as filler in plastics and rubber formulations powdered mica is used in oil well drilling.

PLANT TISSUE CULTURES AS SOURCE OF BIO-MEDICINALS


The utility of plant tissue cultures in bioproduction of natural compounds under aseptic conditions by methods similar to those used to culture microorganisms has opened new approach in the field or biotechnology. The use of tissue culture technique for biosynthesis of secondary metabolites, particularly in plants of pharmaceutical significance, holds promise for the controlled production of plant constituents. Inspite of the recent developments on synthetic chemistry, higher plants are still an important source of medicinal compounds. In recent years, however, it has become difficult to maintain an ample supply of medicinal plants due to several factors, such as their ruthless exploitation, lack of conservation of the environment, increasing labour costs and economical or technical problems associated with the cultivation of medicinal plants. The technique of plant tissue cultures could afford possible solution to some of these problems. The major advantages expected from plant tissue culture systems over conventional cultivation technique may be summarized as follows.


1. The process offers the prospect of absolutely uniform biomass obtainable at all times and managable under regulated and reproducible conditions, rarely possible in working with entire living potentials.


2. It is possible to use plant cell culture technique for synthesis of those medicinal compounds which are too difficult or impossible to synthesize chemically.


3. The useful natural compounds could be produced under controlled environmental conditions, independent of soil conditions and changes in climatic conditions.


4. The technique could be used to study biogenesis of secondary metabolites. It is possible to feed labelled precursors to cell cultures and deduce interpretations pertaining to metabolic pathways of desired compounds.


5. It is possible to attempt biotransformation reactions in plant cell cultures. It is expected that specific modification of chemical structures of certain compounds may be achieve more easily in cultured plant cells rather in micro-organisms or by chemical synthesis.


6. The cells of any plants, tropical or temperate, could be multiplied to yield specific metabolites produced by them.


7. The cultured cells could be maintained free from any microbial contamination and insect attack.


8. Another important application of plant tissue culture technique is immobilisation of cells which could be used for various biotransformation or biochemical reactions. A particular strain of cells obtained from suspension cultures is immobilized by suspending it in sodium alginate solution, precipitating the alginate plus entrapped cells with calcium chloride solution, pelleting and allowing the product to harden.


The biotechnological potentials of plant tissue cultures have been reviewed by Reinhard. 1967, Teuscher 1973, Butcher, 1977, Boehm 1977, Staba 1977, Tabata 1977, Zenk 1978, Kurz and Constabel 1979, Kokate 1979, Barz and Ellis 1981, Deus and Zenk 1982, Shargool 1982, Berlin 1984, Fowler 1984 and Misawa 1984.

Historical Development


The technique of plant tissue culture is now more than ninety years old, but is only in last two decades that implications of this technique have been realized and in particular its pharmaceutical potential appreciated. Haberblandt’s hypothesis (1902) that isolated plant cells should be capable of cultivation on artificial medium was directed at the study of their capacity and characteristics as elementary organisms free from multicellular system of plant. Although, Haberblandt and coworkers were unable to demonstrate this hypothesis, other workers such as Robbins in U.S.A. (1922) and Kotte in Germany (1922), successfully cultured excised plant roots, possibly inspired by the hypothesis put forward by haberblandt. In 1934, White reported successful continued culture of excised tomato root tips. In the same year, Gautheret published the first of his many classical papers on cambial tissue cultures and later in 1939 working independently on one another, While,. Nobecourt and Gautheret reported the first unlimited culture of callus tissue. White (1939) reported continuous cultivation of a similar undifferentiated callus derived from procambial tissue of young stems of a hybrid Nicotiana (N. glauca X N. langsdorffii) cultured in the medium he had developed for excised tomato roots, but containing 0 – 5% agar, Gautheret (1939) examined behaviour of carrot explants on a medium compounded of inorganic salt mixutre and dextrose containing aneurine, cystein hydrochloride and a low concentration of indole acetic acid. In 1954, Muir, Hildebrandt and Ricker reported growth of liquid cultures containing single cells and small clumps of cells of Tagetes erecta and Nicotiana tabaccum. In 1956, Reinert obtained evidence for occurrence of cells divisions in a similar suspension of single cells and cell groups from Picea glauca, Jones, Hildebrandt, Ricker and Wu in 1960 examined growth in hanging drop culture of separated cells from a callus of hybrid tobaccos (N. tabaccum x N. glutinosa).

Types of Cultures


Three main lines of technical development constituting methodology of plant tissue culture are concerned, respectively with the culture of isolated plant organs (particularly of isolated roots but, to a lesser extent, of stem tips, leaf primordia, immature embryos and flower structures), the growth of callus masses on solidified media and the growth in liquid media of mixed suspensions of separated cells and small cell groups.


Plant tissue culture consists of a number of techniques for growing plant organ and cells. The organ cultures have been successfully obtained from roots, stem tips, leaves, flowers and fruits. Methods used to initiate such cultures are varied and depend upon nature of the organ acquired. Excised root cultures, for example, are initiated by placing sectioned or lengths of surface sterilised root tip in liquid medium containing essential macro and micro-nutrients and periodically subculturing or transferring to fresh medium. They demonstrate high growth rate and metabolic activity and a low level of variability and are, therefore, important tools in determining responses to varying conditions.


The tissue may be cultured on solid agar or in liquid nutrient medium. When grown on agar medium, the tissue forms a callus or a mass of unorganised cells. The technique of callus culture is convenient for starting and  maintaining cell lines, as well as, for studies pertaining to organogenesis and meristem culture. The liquid suspension cultures consist of mixutres of cell aggregates, cell clusters and single cells, The growth rates of such cultures are generally much higher than on solidified medium and the technique provides for better control of the growth of biomass, because the cells are surrounded by the nutrient medium. For the same reason, the cell material should also be probably more uniform physiologically. Both callus and suspension cultures can be derived from tissues of most of the species, but the ease of starting the cultures varies with the type of plant and the tissue origin. Almost any part of a plant can be induced to produce a callus and a suspension culture. The necessary tissue can be obtained from roots, seedlings, pollen, stem and leaf portions and it usually grows as a mass of undifferentiated cells on enriched solidified medium.
CULTURE MEDIUM 


An ideal nutrient medium for plant tissue contains five classes of ingredients.

1. Inorganic salts :


The concentration of potassium and of nitrate should be at least 20-25 mM for each, Whereas concentrations of 1-3 mM of phosphate, sulfate and magnesium appear to be adequate. Ammonium is essential although amounts in excess of 8 mM could be deleterious. The recommended micronutrients are iodide, boric acid and salts of zinc, manganese, molybdenum, copper, cobalt and iron. The later is usually incorporated in the chelated form.

2. Vitamins 


Thiamine is the only vitamin appears to be essential. Pyridoxine, myo-inositol and nicotinic acid are frequently added to improve the cell growth.

3. Carbon source 


Sucrose or glucose at a concentration of 2-4% is the most suitable carbon source.

4. Growth regulators 


These substances are needed to induce cell division. The compounds most frequently used are napthalene acetic acid (NAA) and 2, 4-dichlorophenoxy acetic acid (2, 4-D) in the molar concentrations of 10-7 to 5 x 10-5. Both 2, 4-D and NAA are degraded very slowly by plant cells and are stable to autoclaving Cytokinins such as kinetin or benzyladenine (10-7 to 10-5 M) are sometimes required in conjunction with 2, 4-D or NAA to obtain good callus formation.

5. Organic supplements


Protein hydrolyzates, yeast extract, malt extract and coconut milk (liquid endosperm) are used for enhancement in the growth rate of the cells in bio-mass.


The chemicals are dissolved in glass distilled water, the stock solution of vitamins, micro-nutrients and growth hormones are added and the pH of the medium is adjusted to 5.5 to 5.7. The solution is made to volume and then 50 and 100 ml quantities are distributed into 250 ml Erlenmeyer flasks. The flasks are stoppered with cotton wool plugs, and autoclaved at 120oC for 15 minutes. The flasks are removed for cooling, as early as possible. The agar medium is autoclaved in lots of 500 ml and subsequently poured into sterile containers. All media are stored at 10oC prior to use.

SURFACE STERILIZATION OF EXPLANTS 


It is necessary to effect surface sterilisation of the organ from which the tissue is to be aseptically excised or of the spore or seed whose germination shall yield the tissue explant. The commonly used surface sterilising agents are sodium hypochlorite (1-2%), hydrogen peroxide (10-12%) mercuric chloride (0.1 – 1%) and silver nitrate (1%).


The seeds are treated with 70% ethanol for about 2 minutes, washed with sterile distilled water, treated with surface sterilizing agent for a specific period, once again rinsed with sterile distilled water and kept for germination under aseptic conditions. The seeds may be germinated aseptically by placing them on double layers of pre-sterilized filter paper in petri dishes moistened sufficiently with sterile distilled water or on moist cotton plugs in petri dishes or culture tubes. The seeds are germinated in dark at 26-28oC and small part of the seedling is utilized for the initiation of callus culture.


The aerial portion of plants such as bud, leaf and stem sections are sterilized by submerging for 2-3 minutes in 70% ethanol followed by 2-3 rinses in sterile distilled water.

PHYTOPHARMACEUTICALS IN PLANT TISSUE CULTURES 


The exploration of biosynthetic capabilities of cell cultures derived from different higher plants has been systematically inverstigated in last two decades by scientists all over the world. In may cases, however, the desired compounds are not produced, while in others only low amounts could be detected. The poor yields of secondary metabolites appear to be due to differences between young, dispersed and rapidly dividing cells, mature slow-growing cells in organized mass variation of product formation as a function of time in culture, repression or dormancy of desired biosynthetic pathway and non-excretion of products from culture cells. In order to avoid these problems, development of hairy root cultures, immobilized cell systems and techniques to encourage excretion of desired product into medium are being attempted. On the other hand, however, examples do exist which show that callus and suspension cultures are capable of synthesizing secondary metabolites with yields comparable to the intact plant. During the last few years, promising findings have been reported for a variety of medicinally important substances, some of which could be produced on an industrial scale in near future.


The productivity for economic considerations is defined as gram product/L culture/day. The yield of biomass, rate of growth, yield of desired product and the number of runs which can be carried out per year are the major factors affecting productivity on an annual basis of bioreactor or process. In general, the secondary metabolites are synthesized after cell growth has ceased extending the bioreactor time and necessitating a change to production medium forming a process with an extended run time. The overall production of a secondary product in cultures depends upon the rate of accumulation within productive cells and proportion of such cells in culture.


It has been possible to establish large scale production of biomass containing useful secondary metabolites by defining nutritional requirement and ensuring proper environmental conditions for their growth. Only the cultures producing more than 1 g of compound per liter with a value exceeding 500 to 1000 U.S. dollars per kg are believed to be commercially exploitable. The total market sizes for interesting compounds should be large enough to warrant the capital expenditures needed to develop a tissue culture system. In view of these economical constraints commercial production by tissue culture technique is limited to few plant specific compounds. To date, over 30 classes of compounds have been produced in appreciable quantities by plant cell cultures. These include Digitalis glycosides, diosgenin-derived steroid hormone precursors, shikonin, rosmarinic acid, opium alkaloids (codeine and morphine), ginsengosides, ajmalicine and other indole alkaloids, including vinblastine and vincristine, and possibly complex mixture such as rose and jasmine oil. Mitsui Petrochemical Industries of Japan have been producing shikonin, a red coloured phenolic naphthoquinone compound from cell cultures of Lithospermum erythrorhizon, which is used as a dye and as an astringent. A German Pharmaceutical Company is in process of producing Digitalis glycosides by biotransformation in cell cultures. The research world-wide in commercial production of anti-cancer alkaloids of Catharanthus shall be soon a practical reality. The factors that limit the success of plant culture include slow growth of plant cells and low accumulation of metabolite. The desired secondary product is often retained within the cells.


The selection of a specimen with a high content of desired pharmaceutical and use of specific precursor are prerequisite to the development of cell cultures with high yields. The introduction of enzyme immunoassay and radio-immunoassay techniques for quantitative analysis of bioconstituents have revolutionised the selection of plants and cell clones with high yields. The techniques have been successfully applied in the bioproduction of vindoline, serpentine and ajmalicine. The presence of unusual ether lipids, 1(3), 2-diacylglycero 3 (1) – 0-4’ (N, N, N-trimethyl) homoserines were isolated from algae cultures of Chlorella fusca.


The secondary products of pharmaceutical significance produced at high levels in plant cell cultures are indicated in Table -
Secondary metabolites including Biomedicinals accumulated in High Levels by Plant Cell Cultures


Compound



Species


Yield (% dry wt)


Anthraquinones

Morinda citrifolia


18.0

Berberine alkaloids

Berberis wilsonae


10.0

Diosgenin


Dioscorea deltoidea


7.8

Ginsengoside

            Panax ginseng


           17.0

Nicotine


Nicotiana tabacum


5.0

Serpentine


Catharanthus roseus

           2.2

CLASSIFICATION OF CRUDE DRUGS

The term ‘crude drug’ generally applies to the products from plant and animal origin found in a raw form. However, the term is also applied to inclusion of pharmaceutical products from mineral kingdom in original form and not necessarily only of organic origin such as kaolin, bentonite, etc. The term ‘crude drug’ is referred in relation to the natural product that has not been advanced in value or improved in condition by any process or treatment beyond that which is essential for its proper packing and prevention from deterioration. Crude drugs are further grouped as organised (cellular) or unorganised (acellular) according to whether they contain a regular organised cellular structure or not. Organized drugs comprise those crude drug materials which represent a part of the plant and are, therefore, made up of cells. Unorganised drugs are a diverse group of solid and liquid materials which do not consist of parts of plants and are obtained from natural sources by a variety of extraction procedures.


In pharmacognosy, the crude drugs may be classified according to (i) their alphabetical status, (ii) the taxonomy of plants and animals from which they are derived, (iii) their morphology, (iv) the chemical nature of their active constituents, (v) chemotaxonomical status, and (vi) their pharmacological actions and therapeutic applications.


It should be noted that, none of these systems give a total profile of natural drugs and have their own limitations.

1. Alphabetical Classification :


The crude drugs are arranged according to the alphabetical order Latin and English names. Some of the pharmacopoeias and reference books which classify crude drugs according to this system are as follows.


(1)
Indian pharmacopoeia,


(2)
British Pharmacopoeia,


(3)
British Herbal Pharmacopoeia,


(4)
United States Pharmacopoeia and National Formulary,


(5)
British Pharmaceutical Codex,


(6)
European Pharmacopoeia (Latin titles),

(7)
Encyclopedia of Common Natural ingredients used in Drugs and Cosmetics.


e.g. : Acacia, benzoin, cinchona, dill, ergot, fennel, gentian hyoscyamus, ipecacuanha, jalap, kurchi, liquorice, myrrh, nux-vomica, opium, podophyllum, quassia, rauwolfia, senna, uncaria gambier, vasaka, wool fat, yellow bees-wax, zedoary.

2. Taxonomical (Biological) Classification 


The durgs are classified according to plants or animals from which they are obtained in phyla, orders, families, genera, species, subspecies, etc. This method of classification is based on the consideration of natural relationship or phylogeny among plants or animals. The crude drugs of plant origin are classified on the basis of one of the accepted system of botanical classification. A large number of plant families have certain distinguishing characteristics that permit crude drugs from these families to be studied at one time. Thus, drugs obtained from plants having alternate leaves, cymose flowers and fruits that are berries or capsules (hyposcyamus, datura, belladonna and stramonium) are considered with other members of Solanaceae. In case of animals, all arthropods are grouped, as are all mammals, fish and other phylogenetic types. This system of classification is criticized for its failure to recognise the organised and unorganised nature of the crude drug. At first sight, this classification looks appealing, but many drugs are not entire plants and represent parts of the plants that have been processed systematically. Further, the system fails to take into an account chemical nature of active constituents and therapeutic significance of crude drugs.


The taxonomical classification for few crude drugs derived from dicot plants is as follows.

(i)
Phylum


-
Spermatophyta


Division


-
Angiospermae


Class



-
Dicotyledons


Order



-
Rosales


Family



-
Leguminosae


Sub-family


-
Papilionaceae


Genus



-
Glycyrrhiza, Astragalus, Myroxylon


Species


-
Glycyrrhiza glabra, Astragalus gummifer, 






Myroxylon balasamum

(ii)
Phylum


-
Spermatophyta


Division


-
Angiospermae


Class



-
Dicotyledons


Sub-class


-
Sympetalae


Order



-
Tubiflorae


Family



-
Solanaceae


Genus



-
Atropa, Hyoscyamus, Datura


Species


-
Hyoscyamus niger, Datura stramonium,







Atropa belladonna

(iii)
Phylum


-
Thallophyta


Class



-
Ascomycetes


Order



-
Clavicipitales


Family



-
Clavicipitaceae


Genus



-
Claviceps


Species


-
Claviceps purpurea

3. Morphological Classification


The crude drugs are grouped according to the part of the plant or animal represented into organised and unorganised drugs. The organised drugs are divided into parts of plants like leaves, flowers, fruits, seeds, woods, barks and subterranean parts like roots and rhizomes. The unorganised drugs are dried latex, gums, extracts, etc. Some of the examples of crude drugs under this type of classification are as follows.


Seeds



...
Nux-vomica, strophanthus, Isabgol, Castor


Leaves


...
Senna, Digitalis, Vasaka, Eucalyptus


Barks



...
Cinchona, Kurchi, Cinnamon, Quaillaia


Woods


...
Quassia, Sandalwood, Sassafras, Red sanders


Rhizomes


...
Turmeric, Ginger, Valerian, Podophyllum


Flowers


...
Clove, Pyrethrum, Artemisia, Saffron


Fruits



...
Coriander, Colocynth, Fennel, Bael


Entire drugs


...
Ephedra, Ergot, Cantharides, Belladonna


Dried latices


...
Opium, Gutta-percha, Papain


Resins and


Resin combinations

...
Balsam of Tolu, Myrrh, Asafoetida, Benzoin


Dried Juices


...
Aloes, Kno, Red gum


Gums



...
Acacia, Tragacanth, Ghatti gum, Guar gum


Dried extracts

...
Gelatin, Catechu, Agar, Curare


The system of classification is more convenient for practical study especially when the chemical nature of the drug is not clearly understood.

4. Chemical Classification 


The crude drugs are divided into different groups according to the chemical nature of their most important constituent. Since the pharmacological activity and therapeutic significance of crude drugs are based on the nature of their chemical constituents, it would appear that chemical classification of crude drugs is the preferred method of study. The crude drugs containing alkaloids are grouped together, regardless of their morphology and taxonomical relationship. Few examples of the drugs under chemical classification are as follows 


Glycosides


....
Digitalis, Senna, Cascara, Liquorice


Alkaloids


....
Nux-vomica, Ergot, Cinchona, Datura


Tannins


....
Myrobalan, Pale catechu, Ashoka


Volatile oils


....
Peppermint, Clove, Eucalyptus, Garlic


Lipids



....
Castor oil, Bees wax, Lanolin, Cod liver oil, 






Kokum butter


Carbohydrates


and Derived Products
....
Acacia, Agar, Guar gum, Pectin, Honey, 






Ispaghula


Resins and Resin 


Combinations

....
Colophony, Jalap, Balsam of Tolu


Vitamins and Hormones
....
Yeast, Shark liver oil, Oxytocin, Insulin


Proteins and Enzymes
...
Casein, Gelatin, Papain, Trypsin


The Crude drugs belonging to different morphological or taxonomical categories may be brought together, provided there is some similarity in the chemical nature of active principles.

5. Pharmacological (Therapeutic) Classification 


This system of classification involves the grouping of crude drugs according to the pharmacological action of their chief active constituent or their therapeutic uses. Regardless of morphology, taxonomical status or chemical relationship, the drugs are grouped together, provided they exhibit similar pharmacological action. Thus, Cascara, Castor oil, Senna, Jalap, Colocynth are grouped together as purgatives or laxatives because of their common pharmacological action. Similarly, Gentian, Cinchona, Nux-vomica and Swertia are grouped as bitters. The drugs differing in mechanism of action, but with the same pharmacological effect are grouped together, e.g. bulk-purgatives, irritant purgatives, emollient purgatives, etc. Some of the drugs could be classified under two pharmacological headings, since they exhibit two different actions. For example, Cinchona is classified both as antimalarial and bitter tonic. An outline for pharmacological classification of crude drugs is as follows.


(i) 
Drugs acting on gastro-intestinal tract



Bitters



.....
Gentian, Quassia, Cinchona



Carminatives


.....
Dill, Mentha, Cardamom



Emetics


.....
Ipecacuanha



Anti-amoebics

.....
Kurchi, Ipecacuanha



Bulk laxatives

.....
Agar, Ispaghula, Banana



Purgatives


.....
Senna, Castor oil



Peptic ulcer treatment
.....
Derivatives of Glycyrrhetinic Acid 








(Liquorice), Raw Banana.


(ii)
Drugs acting on respiratory System



Expectorants


.....
Liquorice, Ipecacuanha, Vasaka



Antiexpectorants

.....
Stramonium leaves (Atropine)



Antitussives


.....
Opium (Codeine, Noscapine)



Bronchodilators

.....
Ephedra, Tea (Theophylline)


(iii)
Drugs acting on cardio-vascular system 



Cardiotonics


.....
Digitalis, Squill, Strophanthus



Cardiac depressants
.....
Cinchona (quinidine), Veratrum



Vasco-constrictors

.....
Ergot (ergotamine), Ephedra



Antihypertensives

.....
Rauwolfia


(iv)
Drugs acting on autonomic nervous system



Adrenergics


.....
Ephedra



Cholinergics


.....
Physostigma, Pilocarpus



Anticholinergics

.....
Belladonna, Datura


(v)
Drugs acting on central nervous system



Central analgesics

.....
Opium (Morphine)



CNS Stimulants

.....
Coffee (Caffeine)



Analeptics


.....
Nux-Vomica, Lobelia, Camphor



CNS depressants

.....
Hyoscyamus, Belladonna, Opium 







(Morphine, Codeine)





Hallucinogenics

......
Cannabis, Poppy Latex


(vi)
Antispasmodics



Smooth muscle relaxants
......
Opium (Papaverine), Datura, 








Hyoscyamus



Skeletal muscle relaxants
......
Curare


(vii)
Anticancer


......
Vinca, Podophyllum, Camptotheca, 







Taxus


(viii)
Antirheumatics

.....
Aconite, Colchicum, Guggul


(ix)
Anthelmintics

.....
Quassia, Male Fern, Vidang


(x)
Immuno-modulatory
.....
Ashwagandha, Tulsi, Ginseng, 



agents



Asparagus, Picrorrhiza kurroa


They modulate immune responses and principally include immunosuppressive agents and also biological response modifiers which act by immuno stimulation.


(xi)
Drugs acting on skin



and mucous membrane
.....
Olive oil, Wool fat, Bees wax, Arachis 







oil, Sesame oil, Balsam of Tolu, Balsam 







of Peru


(xiii)
Antimalarials

.....
Myrobalan, Black Catechu


(xiv)
Immunising agents
.....
Vaccines, Sera, Toxoids, Antitoxins


(xv)
Drugs acting



Chemotherapeutically
.....
Antibiotics


(xvi)
Local anaesthetics

.....
Coca

6. Chemotaxonomic Classification 


The expanding knowledge of phytochemical screening has revealed the existence of close relationship between constituents of plants and their taxonomical status. The ‘chemotaxonomy’ has brought the plant chemist back to systematic botany in view of the fact that certain compounds have been found to characterise certain groupings. Chemotaxonomy establishes a relationship between position of the plant and attempts to utilise chemical facts for more exact understanding of the biological metabolites of pharmaceutical significance such as alkaloids, glycosides, flavonoids, etc. The location of berberine alkaloid in Hydrastis, Berberis and Argemone, distribution of rutin, ranunculaceous alkaloids and flavonoids in species of higher plants are of chemotaxonomical significance. DNA hybridization, amino acid sequencing in proteins and serotaxonomy are also gaining significance in this method of classification. 

_________________
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