M.PHARM

PHARMACOGNOSY

GOALS:  To impart advanced level training in the field of Pharmacognosy, Phytochemistry and Biotechnology so as to meet the industrial, research and academic standards.

OBJECTIVES: On completion of the course the candidate shall be able to:

· Explore the advanced techniques for the search of new products from natural sources.

· Achieve a high degree of proficiency and develop competence in isolation and estimation of phytoconstituents from herbs.

· Understand industrial requirements for quality control and quality assurance of herbal drugs. Formulate and standardize various herbal products

· Understand the biotechnological techniques for obtaining and improving the quality of natural products.

· Develop skills in presenting research methods, scientific writing etc.
a) Knowledge and understanding:

A postgraduate student should acquire detailed theoretical knowledge and practical techniques of the following during the period of his/her course. He/she should acquire thorough theoretical knowledge and practical skills in Pharmacognosy, Phytochemistry and Biotechnology with special emphasis on all modern analytical instruments and techniques. He/she should acquire adequate theoretical knowledge and practical skills in isolation, characterization of various types of plant secondary metabolites. He/she should acquire adequate theoretical and practical knowledge about structure elucidation of natural products of therapeutic interest and also alternative sources for novel active metabolites from natural origin.

b) Attitude:

A postgraduate student must inculcate attitude for applying his acquired knowledge on isolation of phytoconstituents and their biological evaluation, standardization of herbal products as per international standards. He/she has to maintain a high standard of professional ethics. He/she should continuously upgrade the acquired knowledge by keeping in touch with contemporary research through national and international journals and should be willing to participate in continuing education programs

	Papers
	Title of papers
	Total hours
	Hours per week

	
	
	
	Theory
	Practicals

	Paper-I
	Modern Pharmaceutical Analysis
	75
	3
	6

	Paper-II
	Advanced Pharmacognosy and Phytochemistry
	50
	2
	6

	Paper-III
	Industrial Pharmacognosy
	50
	2
	6

	Paper-IV
	Medicinal Plant Cultivation and Biotechnology 
	50
	2
	6


List of Equipments

1. Extraction units

2. Distillation units

3. Flash evaporator

4. Columns

5. Heating mantles

6. Vaccum pumps

7. TLC unit

8. pH meter

9. UV Spectrophotometer

10. HPTLC

11. HPLC

12. IR
13. GC
14. Centrifuge

15. Muffle furnace

16. Oven

17. Incubator

18. Laminar flow init

19. Desiccators

20. Electronic balances

21. Electric shakers
22. Electrtophoresis

23. Biofermenters

24. Trinocular microscope
Paper-II

ADVANCED PHARMACOGNOSY AND PHYTOCHEMISTRY (THEORY) 

(50 hrs: 2 hrs/week)

Goal: To give latest update on developments in the field of Pharmacognosyand 

           Phytochemistry  

Objectives: By the end of the course the student shall be able to 

· Explore advanced techniques in natural product research

· Screen herbal extracts/preparations for various biological/pharmacological activities.
· Develop skills in presenting research methods, scientific writing etc.
Course description 

	Total Hours:50 (2 hrs/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Seminar Evaluation
	20

	
	Total
	150


CHAPTER 1: Extraction technology for medicinal and aromatic plants

08 hrs (16 marks)

a. Overview of various extraction techniquesfor medicinal and aromatic plants. Different types of extracts. Factors affecting choice of extraction. Role of process simulation in extraction technology.

b. Methods of extraction, isolation, purification, identification and estimation of: Alkaloids, Glycosides, Steroids, Terpenoids, and Volatile oils.

c. Applications of chromatography in isolation, identification and purification of phytoconstituents.

CHAPTER 2:  Chemistry of natural products                            05 hrs (10 marks)

Chemistry of following classes of secondary metabolites, their biogenesis and methods of extraction and estimation

· Alkaloids

· Glycosides

· Coumarins

· Polyphenols

· Steroids and Terpenes.

CHAPTER 3: Natural products as lead compounds for drug discovery

          08 hrs (16 marks)

· Introduction to natural products as leads to design new drugs for CNS, Anticancer, Antidiabetic and Cardiovascular drugs.

· Reverse pharmacology process for drug development from natural leads.

· High throughoutput screening (HTS).

· Ethnomedicine approach for drug discovery

· Role of Complementary Alternative Medical (CAM) systems for search of new drugs.

CHAPTER 4: Advances in natural product research     

 08 hrs (16 marks)

· Nutraceuticals – Antioxidants, Vitamins Supplements, Dietary fibres, PUFA

· Bitters, colouring agents and sweetening agents

· Potentials of Marine pharmacognosy and Zoo pharmacognosy in natural product research. 

· Secondary metabolites for various biological / pharmacological activities from endophytes
· Methods of authentication of plants. Microtechnique and microscopy.Macerate and staining techniques. Preparation of herbarium and herbal database.
CHAPTER 5: Phytopharmacology                                                        12 hrs (24 marks)

a. General concept of pharmacological screening. 

b. Bioavailability and pharmacokinetic significance for herbal drugs withexamples of clinically used herbal drugs. Clinical trials for herbal drugs.

c. Different models for screening of the following pharmacological activities of herbal drugs including in-vitro and enzyme bioassays.

· Adaptogens

· Anti cancer 

· Antidiabetics & Hypolipidaemics

· Hepatoprotective and Anti hepatotoxics

· Anti microbial 

· Cardiovascular 

· Antioxidants 

· Anti- inflammatory and antiulcer

d. Use of cell line cultures and enzymes for screening of anti cancer, cytotoxic, antidiabetic and adaptogenic activities 

CHAPTER 6: Pharmacovigilance for herbal drugs04 hrs (08 marks)

· WHO Guidelines on safety monitoring of herbal medicines in pharmacovigilance systems. Safety monitoring of herbal medicines.
· Interaction of herbs with other herbs, food and allopathic drugs (Herb- drug Interaction, Herb-Herb Interaction, Herb- Food Interaction) with suitable examples.

CHAPTER 7: Research Methodology and Scientific writing                 5 hrs (10 marks)

a. Basic concepts of research and fundamentals in research process. Formation of research problem. Analysis of data. 

b. Biomedical literature-searching, reviewing and referencing. Study of information and retrieval methods of natural plants and herbal databases.

c. Writing protocols, synopsis, dissertations, grants and research paper. 

ADVANCED PHARMACOGNOSY AND PHYTOCHEMISTRY (PRACTICALS) 

(150 hrs: 6 hrs/week)

	Total Hours: 150 (6 hrs/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Practical record evaluation
	20

	
	Total: 
	150


1.  Herbarium preparation of some medicinal plants.

2.  Preparation of extracts and enriched extracts 

3. TLC/HPTLC finger printing of Kalmegh and Ashwagandha extractsfrom different sources/ accessions

4. Phytochemical screening of extracts: Curcuma, Gaduchi and Gymnema    .

5. Isolation of:

· Quinine from cinchona/extract

· Glycyrrhizin

· Curcumin

· Piperine 

· Hesperidin

· Rutin

· Clove oil

· Eugenol

6. Determination of 

i) Total Phenolic content in plant extract

ii) Total Alkaloid content in plant extract

iii) Total  Saponin content in plant extract

iv) Total bitter content in plant extract

7. Evaluation of herbal drugs ( In Vitro methods) for following activities

i) Antioxidant(Free radical scavenging, DPPH, Reducing power assay)
ii) Anti-inflammatory

iii) Antiurolithiatic

iv) Antimitotic

v) Anti microbial 

8. Bioautography of extracts

9. Extraction of volatile oil –clove, eucalyptus 

10. Characterization of volatile oil constituents by Gas Chromatography (GC)

11. Column chromatography using silica gel, reverse phase silica gel and sephadex.

12. Isolation of bacterial and fungal endophytes

13. In vitro assays- amylase, α glucose-oxidase

14. MTT assay technique for cell lines

(Any other relevant practical exercise based on theoretical aspects)

TEACHING AND LEARNING ACTIVITIES

Journal Club:

Each student is required to present any two recent articles relevant to the Advanced Pharmacognosy and Phytochemistry from any of the journals in a year.

Seminars:

Each student is required to give two seminars relevant to the subject in a year.

Field/ Industrial Visits:

It is desirable to make to one visit to the relevant Laboratory / Industry in a year.

Conference / Meetings:

Each student has to be encouraged to attend at least one relevant national conference.

Scheme of Practical Examination

	S.No
	Synopsis
	Major experiment
	Minor experiment
	Viva voce
	Total

	01
	20
	35
	25
	20
	100


REFERENCE BOOKS

1)Trease and Evans Pharmacognosy by W C Evans, 15th edition W.B Saunders Edinburgh    New York
2)Text Book of Pharmacognosy and Phytochemistry by Biren shah and A K Seth, Elsveir    2010.

3) Natural products: A lab guide by Raphael Ikan 2nd edition Academic Press 1991

4) Pharmacology and Pharmco biotechnology by Ashutosh Khar New Age International (P) Publisher 2003

5)  Pharmacognosy and Phytochemistry of medicinal plants by Jean Brunton, Technique and documentation-Lavoiser, 1995.

6) Text book of Pharmacognosy by C. K. Kokate, Purohit, Gokhale 4th edition,Nirali Prakashan,2010.

7) Extraction Technologies for Medicinal and Aromatic Plants by Sukhdev Swami  Handa, Suman Preet Singh Khanuja, Gennaro Longo ,Dev Dutt Rakesh International Centre for       Science and High Technology Trieste, 2008

8) Drug Discovery and Development, Traditional Medicinal and Ethano pharmacology, by Bhushan Patwardhan, NIPA (New India publishing agency). 2007.

9) The Process of New Drug Discovery and Development 2nd Edition Edited by Charles G. Smith  James T. O’Donnell.Informa Healthcare USA 2006

10) Medicinal natural products (a biosynthetic approach), 1st edition, by Paul M. Dewick, John Wiley & Sons Ltd, England, 1998.

11) Phytochemical methods-A guide to modern techniques of plant analysis by J B Harborne, 3rd Edn. Springer, 2005.
12) Natural Products from Plants, 1st edition, by Peter B.Kaufman,CRC press, New York,1998
13) Glimpses of Indian Ethano Pharmacology by P. Pushpangadam, Ulf Nyman, V George Tropical Botanic Garden & Research Institute, 1995

14) General Guidelines for Methodologies on Research and Evaluation of Traditional Medicine WHO/EDM/TRM/2000.1

15) WHO guidelines on safety monitoring of herbal medicines in pharmacovigilance systems WHO 2004 
16) Biomedical Research by Dr. G. Jagadeesh, Wolters Publisher 2009.

17) Chemistry of Natural Products by S V Bhat, B A Nagasampagi, M Shiv kumar; Narsa publishing House, Delhi.

18) Bioactive marine natural products by Bhakuni and Rawat, Anmaya publishers, New Delhi. 2005.

19) Microbial Endophytes, Charles W. Bacon, James Francis White, CRC Press, 2000
20) Microbial Root Endophytes, Barbara J. E. Schulz, Christine J. C. Boyle, Thomas N. Sieber, Springer, 2006
 Web articles from scientific journals

Journals:

1) Phytochemistry

2) Planta Medica

3) Pharmaceutical Biology

4) Journal of Ethanopharmacology

Paper-III

INDUSTRIAL PHARMACOGNOSY (THEORY) 

(50 hrs: 2 hrs/week)

Goal: To make students understand the technological aspects herbal based preparations and their commercial potential.
Objectives: By the end of the course the student shall be able to 
· Isolate and estimate various secondary metabolites from natural source.

· Develop skills for the quality control of herbal raw materials and formulations.

· Understand Intellectual property rights and regulatory affairs for herbal products.

Course description 

	Total Hours: 50 (2 hrs/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Seminar Evaluation
	20

	
	Total 
	150


Chapter 1: Herbal Drug Industries               

                   06 hrs (12 marks)

· Introduction to Herbal Drug Industries their scope and applications. Study of infra structure for different types of industries involved in making standardized extracts and various dosage forms including traditional Ayurvedic and modern dosage forms. 

· Quality assurance in herbal drug industry. Concept of GMP,GLP and HACCP 

·  Drug Regulatory Aspects– Indian drug regulatory authorities, Central and State regulatory bodies. General regulatory requirements under USFDA

· Drugs and Cosmetics Act and Rules with latest Amendments. Special emphasis – Schedule M and Y and various licenses.

CHAPTER 2: Isolation and estimation of phytopharmaceuticals         10 hrs (20 marks)

Different methods for isolation and estimation of phytoconstituents from the following drugs (with special emphasis on HPLC & HPTLC)

· Adhatoda vasica-vasicine  

· Andrographis paniculta-andrographolides

· Coleus forskoli-forskolin

· Commiphora mukul- guggulsterone 
· Curcuma longa-curcumin

· Glycyrrhiza glabra- glycyrrihizin

· Gymnema sylvestre-gymnemic acid 

· Piper nigrum/longum-piperine
· Tinospora cordifolia- cordifoliocide 

· Withania somnifera-withanolides

CHAPTER 3: Characterization of phytoconstituents                      07 hrs (14 marks)

a. General methods for identification and characterization of following class of compounds

· Alkaloids

· Glycosides    

· Flavonoids  

· Steroids and Terpenoids

b. Applications of UV, IR, NMR, 1HNMR, 13CNMR and Mass spectroscopy forstructural elucidation of phytoconstituents.

c. Structural elucidation of following class of phytoconstituents 

· Alkaloids- vasicine, caffeine,taxol
· Flavonoids- quercetin, rutin

· Steroids and Tri terpenoids – lupeol, β–sitosterol.

CHAPTER 4: Quality control of herbal drugs (crude drugs, extracts and formulations).

8 hrs (16 marks)

· Quality control methods for medicinal plant materials. Evaluation and standardization of herbal drugs according to WHO guidelines.

· Standardization requirements of herbal medicines and traditional preparations: their quality, safety and efficacy assessment.Quality control of single and multicomponent classical Ayurvedic and Unani formulations by study of HPTLC and HPLC fingerprints.

· Role of marker compounds for analysis of drugs (specified in chapter 2), finger printing, phytoequivalence studies in herbal drug standardization 

· Importance of monographs of medicinal plants, their comparative study as per-

Indian Pharmacopoeia, Indian Herbal Pharmacopoeia, API, Ayurvedic formulary of  India, Chinese Pharmacopoeia, United States Pharmacopoeia, British Herbal Pharmacopoeia, European Pharmacopoeia, American Herbal Pharmacopoeia.

CHAPTER 5: Intellectual property rights and regulatory affairs 
07 hrs (14 marks)

· Indian and international patents laws and procedures. Latest Indian patent guidelines for herbal drugs. Patent processing and application, copyright and trademarks

· Regulating authorities in India

· Biological diversity act 2002, rules 2004, geographical indications, bioprospecting and biopiracy

· Objectives and guidelines of USFDA, WHO and ICH for herbal drugs, AYUSH guidelines for herbal drugs, Food safety Act 2006, rules 2011.

· Plant breeder’s and Farmer’s rights.

CHAPTER 6: Herbal Formulations 07 hrs (14 marks)

· Study of traditional formulations as per Ayurvedic formulary of India. 

· Shelf life study- protocols to study stabilization of herbal based products. Assessment of physical, physico-chemical and chemical parameters atdifferent stages

· Novel drug delivery systems for plant actives and extracts and their applications. 

· Nanotechnology in natural product research-Introduction to nanotechnology, applications, types of nano formulations. Preparation and characterization of nano formulations for plant secondary metabolites.

CHAPTER 7: Herbal Cosmetics05 hrs (10 marks)

· Raw materials of herbal origin and their uses in cosmetics: oil, waxes, gums, colors, perfumes, protective agents, bleaching agents, preservatives, antioxidants and other ancillary agents. 

· Formulation and standardization of herbal cosmetics like skin care preparations, deodorants, anti perspirants and hair care preparations.

· Regulatory aspects of safety as per  BIS standards (Bureau of Indian Standards) 

INDUSTRIAL PHARMACOGNOSY (PRACTICALS) 

(150 hrs: 6 hrs/week)

	Total Hours: 150 (2 hr/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Practical record evaluation
	20

	
	Total: 
	150


1. Monograph analysis of crude drugs : Ashwagandha, Vasaka, Kalmegh

2. Preparation of monograph of any one plant.

3. Determination of extractive values

4. Determination of ash values

5. Determination of moisture content by two different methods.

6. Estimation of marker compounds by HPLC/ HPTLC: Andrographolide, berberine and piperine.

7. Spectral analysis (UV, IR, 1H ,13C NMR and Mass) of phytoconstituents: caffeine, vasicine.

8. Preparationof Herbal formulations and herbal cosmetics.

9. Standardization of marketed herbal formulations using physical, chemical and chromatographic methods.

10. Determination of alcohol content in Asava and Arista preparations.

11. Determination of total microbial content in drugs and formulations

12. Separation and identification of aflotoxins in Crude drugs.

13. Preparation and evaluation of phytosomes.

14. Estimation of isolated compounds by

a) Spectroscopic methods- berberine, curcumin, caffeine

b) HPLC/ HPTLC methods – gallic acid, reserpine, rutin, 

(Any other relevant practical exercise based on theoretical aspects)

TEACHING AND LEARNING ACTIVITIES

Journal Club:

Each student is required to present any two recent articles relevant to the Industrial Pharmacognosy from any of the journals in a year.

Seminars:

Each student is required to give two seminars relevant to the subject in a year.

Field/ Industrial Visits:

It is desirable to make to one visit to the relevant Laboratory / Industry in a year.

Conference / Meetings:

Each student has to be encouraged to attend at least one relevant national conference.

Scheme of Practical Examination

	S.No
	Synopsis
	Major experiment
	Minor experiment
	Viva voce
	Total

	01
	20
	35
	25
	20
	100


REFERENCE BOOKS

1. Herbal Drug Industry  by R.D. Choudhary, 1st edition, Eastern Publisher, New Delhi, 1996

2. Herbal Drug Technology by S.S Agarwal and M Paridhavi, 2nd edition ,Univdersities Press 2007

3. Quality Control of Herbal Drugs by Pulok K. Mukherjee,1st edition, Business Horizons Pharmaceutical Publisher, New Delhi, 2005

4. Trease and Evans Pharmacognosy by W C Evans, 15th edition W.B Saunders Edinburgh NewYork.

5. Controlled and novel drug delivery systems by N K Jain, CBS publishers, New Delhi, 2009.

6. Introduction to novel drug delivery systems By N K Jain, Ist Edn. Vallabh publishers, 2010.

7. Targeted and controlled drug delivery novel carrier systems by S P Vyas, R K Khar, Ist Edn. CBS publishers, New Delhi, 2010.

8. IPRS and Pharmaceuticals by Abhinav Agarwal Ist Edn. Vallabh publishers, 2011.

9. WTO concept: Challenges and global developments by N K Jain, Regal publishers New Delhi, 2008.

10. Guidelines for the Assessment of herbal medicines-WHO Report, Geneva, 1991,

11. WHO guidelines for assessing quality of herbal medicines with reference to contaminants and residues.World Health Organization 2007
12. WHO guidelines on safety monitoring of herbal medicines in pharmacovigilance systems WHO 2004 
13. Quality Control Methods for Medicinal Plant material, WHO Updated edition 1998

14. WHO monographs of selected herbs.WHO 1999

15. Indian Herbal Pharmacopoeia, Vol.1&2,RRL, IDMA,1998,2000

16. Indian Pharmacoepia 2010

17. USP

18. Ayurvedic Formulary

19. Standardization of Botanicals by V. Rajpal, Vol.1 Eastern publishers, New Delhi,2002

20. The Handbook of Clinically Tested Herbal Remedies Volume 1Marilyn Barrett, PhD The Haworth Press 2004

21. Evaluation of herbal Medicinal Products, Peter J Houghton and Mukherjee PK 2008, Pharmaceutical Press, UK

22.  PDR of Herbal Medicines , 2nd edition,Medicinal Economic Company, New Jersey, 2000

23. Botanicals,A Phytocosmetic Desk Ref by Frank S D Amelio Sr CRC Press, 1999.

24. Harry’s cosmeticology by J B Wilkinsson.

25. Poucher’s perfumes, cosmetics and soaps by W A Poucher.
Web articles from scientific journals

JOURNALS:

1. Indian Journal of Natural Products

2. Phytochemistry

3. Fitoterapia  

4. International journal of Pharmaceutics

5. Phytomedicine

6. Web articles

Paper-IV

MEDICINAL PLANT CULTIVATION AND BIOTECHNOLOGY

 (THEORY)
(50 Hrs: 2 Hrs/week)

Goal:To impart acquaint students about commerce and trade of medicinal and aromatic plants and biotechnological aspects of natural product research.

Objectives: By the end of the course the student shall be able to 

· Obtain knowledge on the production and management of medicinal and aromatic plants.

· Understand genetics and  biotechnology with reference to plants

· Understand the biotechnology techniques involved in herbal drug research
Course description 

	Total Hours: 50 (2 hr/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Seminar Evaluation
	20

	
	Total: 
	150


CHAPTER 1:  Production and management of commercially useful plants   

                                                                                                                    10 hrs   (20 Marks)

· Commerce and production of crude drugs; Technology for commercial scale cultivation of medicinal and aromatic plants; General understanding of good agricultural and collection practices (GACP).

· National and international trade in medicinal and aromatic plants. Export potential of phytopharmaceuticals. 

· Disease management of medicinal and aromatic plants. Weed and pest control. Study of natural pesticides.

· Profile for commercial cultivation technology and post harvest care of following medicinal and aromatic plants - Ashwagandha,  Guggul, Senna, Isapgol, Piper, Lemon Grass, Amla, Ginkgo. 

· In situ conservation of medicinal plants. Mutation breeding.

CHAPTER 2: Plant Tissue culture





10 hrs (20 marks)

· Principal, techniques and applications of tissue culture: organogenesis, embryogenesis, haploid culture, endosperm culture, nucellus culture, ovary and embryo culture, floral bud culture, shoot primordial, stem and root culture, protoplast isolation, fusion and somatic hybridization.

· Suspension Culture;Production of secondary metabolites by various techniques.Strategies involving culture conditions, elicitors, precursors, biotransformation, immobilization and hairy root cultures for enhancement of secondary metabolites in tissue culture. Production of shikonin. Hairy root culture and their applications. Advances in plant stem cell research

· Bioreactors for pilot and large scale cultures of plant cells. Immobilization techniques. Immobilized plant cell culture systems and their applications
CHAPTER 3: Germplasm Storage and Cryopreservation

05 hrs ( marks)

· Importance of in-vitro conservation and cryopreservation. Medium term conservation by slow growth. Long term conservation by cropreservation.Organ, tissue and meristem culture for conservation of somaclonal and gametoclonal variations.

· Recalcitrant seeds; Conservation of rare germplasms. Cryobanking of plant germplasma

CHAPTER 4: Gene transfer in plants



10 hrs (20 marks)

· Introduction to genetics and molecular biology.Gene cloning, Gene expression and protein production. Plant genome and genomic organization. Mutation, polyploidy, genetic manipulations and their applications. 

· Approaches for production of transgenic plants and their applications for the following properties:

-Resistance to herbicide

-Resistance to insect, fungus and virus

-Resistance to physiological stress

-Production of phytopharmaceuticals

-Edible vaccine

CHAPTER 5: Gene mapping and molecular maps of plant genomes
07 hrs (14 marks)

· Plant chromosome analysis

· Mapping of prokaryotic and eukaryotic genes

· Uses of PCR in gene mapping. Molecular maps-RFLP, RAPD and their applications for detection of adulterants. Physical maps in-situ hybridization.

CHAPTER 6: Proteomics and Bioinformatics



03 hrs (6 marks)

· Basic technologies of proteomics and their applications

· Introduction to bioinformatics, development of database and its applications.

CHAPTER 7: Enzymes






05 hrs (10 marks)

· Types, properties and application of enzymes. Isolation and purification of enzymes

· Immobilization of enzymes and their applications. Enzyme reactors

· Detailed study of plant enzymes-papain, bromelain.

· Enzymes in genetic engineering. Gel electrophoresis.

Medicinal Plant Cultivation and Biotechnology (PRACTICALS)






(150 Hrs: 6 Hrs/week)

	Total Hours: 150 (6 hr/week),
	Examination
	Max Marks

	
	Annual 
	100

	
	Internal Assessment Exam
	30

	
	Practical record evaluation
	20

	
	Total: 
	150


1. Primary design, comparison of gene sequences.

2. Media preparation and sterilization

3. Surface sterilization of different explants -shoot tip, nodal and leaf

4. Initiation of callus and regeneration 

5. Micropropagation of –Brahmi, Alpinia galanga and Vasaka

6. Evaluation of secondary metabolites in micropropagated plants.

7. Development of synthetic seed by immobilization

8. Isolation of enzyme- papain and bromelain

9. Immobilization of cells-yeast

10. Immobilization of enzymes-invertase and catalase

11. Agrobacterium mediated transformation of plant tissue

12. Isolation of protoplast

13. Isolation of DNA and RNA from plant sources

14. Electrophoresis 

15. Estimation of DNA and RNA

16. Determination of mitotic index on onion shoot tip.

(Any other relevant practical exercise based on theoretical aspects)

TEACHING AND LEARNING ACTIVITIES

Journal Club:

Each student is required to present any two recent articles relevant to the Biotechnology of Natural Products  from any of the journals in a year.

Seminars:

Each student is required to give two seminars relevant to the subject in a year.

Field/ Industrial Visits:

It is desirable to make to one visit to the relevant Laboratory / Industry in a year.

Conference / Meetings:

Each student has to be encouraged to attend at least one relevant national conference.

Scheme of Practical Examination

	S.No
	Synopsis
	Major experiment
	Minor experiment
	Viva voce
	Total

	01
	20
	35
	25
	20
	100


REFERENCE BOOKS:

1. Cultivation and Utilization of Medicinal and Aromatic plants by Farooqui A.A, Sreeramu B.S. University Press 2001

2. Cultivation of medicinal and aromatic crops, 1st edition, by S.N by Yoganarsimhan, Interline Publishing Pvt. Ltd., 2000
3. Pharmaceutical biotechnology S.P. Vyas and V.K. Dixit CBS Publishers and distributors, 2001.

4. Medicinal Plant Biotechnology by Veeresham CBS publication 2008

5. Plant propagation by tissue culture by Edwin F. George, Michael A. Hall and

Geert-Jan De Klerk Springer 2008

6. Role of Biotechnology in Medicinal and Aromatic Plants Vol. I  & II by Irfan A Khan and Atiya Khanum, Ukaoz Publications. 1998

7. Plant Chromosome analysis, manipulation and engineering by Arun and Archana Sharma 1st Edition Harwood Academic Publishers 1999

8. Staba, E.J., Applied and Fundamental Aspect and Plant Cell, Tissue and organ culture (Reivert J. and Y.P.S. Bajaj Ed.), Berlin.

9. Plant Tissue Culture and its Biotechnological Application by Tabata, M., Springer, Berlin.

10. Plant Biotechnology and Transgenic Plants (CRC Press) By Oksman-Caldente

11. Transgenic Plants By R Ranjan Agarobotanica.1999.

12. Pharmacognosy and Pharmacobiotechnology by Ashutosh Khar New Age International Publishers 2003

13. Herbal Drug Technology SS Agarwal and M Paridhavi Univdersities Press 2007

14. Introduction to Plant Tissue culture, Razdan, M.K., Oxford & IBH Publishing Co. Pvt. Ltd., New Delhi. 

15. A text book of pharmaceutical biotechnology, C K Kokate, Sunil Jalalpure, and Pramod Harakadle, Elsevier publications 2012.

16. Enzyme Technology (Springer) edited by Ashok Pandey, Colin Webb, Carlos Ricardo Soccol, Christian Larroch

17. A Practical Guide to Assay Development and High-Throughput Screening in Drug  (CRC) By Taosheng Chen

Web articles from scientific journals

JOURNALS:

1. Journal of plant biochemistry and biotechnology

2. Current Science
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