M. PHARM

INDUSTRIAL PHARMACY

GOAL : To produce a competent Industrial Pharmacist
OBJECTIVE : Upon completion of the course, the candidate shall have 

Knowledge 
–  an understanding of the concept and design of various pharmaceutical dosage 

                            forms

Skill

– the ability to formulate and evaluate various dosage forms

Attitude
- the ability to work independently and as a member of the team



- the ability to plan his / her work for efficient use of time and resources



- the ability to identify the cause and to solve the problem



- the ability to think and evaluate scientifically and critically 

TITLE OF PAPERS
Paper I
Modern Pharmaceutical Analysis


(T:3 Hrs/wk, P:6Hrs/wk)

Paper II
Advanced Industrial Pharmacy


(T:2 Hrs/wk, P:6Hrs/wk)

Paper III
Biopharmaceutics and Pharmacokinetics

(T:2 Hrs/wk, P:6Hrs/wk)

Paper IV
Advances in Drug Delivery Systems

(T:2 Hrs/wk, P:6Hrs/wk)

Appendix – I : List of required equipments:

The following common and specialized equipments and charts are to be provided by the course conducting departments/institution.

Common Equipments:

Single pan balances (analytical)

-
1
Single pan balances (electronic/digital)
-
2

Hot air oven




-
2

Magnetic stirrers



-
4

Mechanical stirrers-1, 2, 5 lt 


-
1 each

Double pan balances (analytical)

-
1

Electrically operated with thermostat water baths
4

Distillation assembly, 5 lt


-
1

Hot plates




-
2

Refrigerator




-
1

Melting and boiling point apparatus

-
2 each

TLC Kit and plates



-
5

Sieves of different mesh sizes (22, 44, 60, 80, 120)
2 each

Special equipments

Monsanto & Pfizer hardness tester

-
2 each

Disintegration test apparatus


-
2

Dissolution test apparatus (single jar)

-
4

Dissolution test apparatus (6 jars)

-
1

UV-Visible spectrophotometer

-
1

Tablet compression machine single station
-
1

Rotary tablet compression machine

-
1

Capsule filling machine


-
1

Stability chambers



-
3

Coating & polishing pan


-
1

Vacuum pump with accessories

-
1

Pocket / pen pH meters


-
2

Vacuum filtration unit



-
1

Rotary evaporator



-
1

Rotary shaker bath



-
1

Filtration sets




-
2

Desirable:

High Performance Liquid Chromatography (HPLC)
-
1

Computers with UPS and a printer


-
2

Glassware:
Common laboratory glassware for regular experiments: Beakers, measuring cylinders, conical flasks, RB & FB flasks (1 & 2 lt capacity), filtration unit, distillation unit, thermometers 110, 360 degree Celsius.
Chemicals and Reagents:
Common pharma grade pure drug samples, polymers and other adjuvants, solvents etc for the purpose of formulation required for the regular practicals.

PAPER - II ADVANCED INDUSTRIAL PHARMACY

1. Scope and objectives of the subject: The subject provides a good manufacturing of the concepts, techniques and applications of production and operation management.
2. Objectives
2.1 Knowledge upon the completion of the course, the student shall be able to

· Know about industrial safety, effluent treatment and environmental control.

· Know about intellectual property rights.

· Know about documentation of records.

· Know about stability and its testing.

2.2 Skills: Upon the completion of the course, the student shall be able to
· Use laboratory scale production equipments.

· Communicate of laboratory results.

· Interpret the laboratory data.

· Present different production schedule plans for a specified period.

2.3 Attitude: Upon the completion of the course, the student shall be able to 

· Create intuitiveness and ability to interact.

· Plan his work for efficient use of time and resources.

· Identify the cause and solve the problem.

· Think and evaluate scientifically and critically.

3. Teaching/ Learning Activities:

3.1 Journal Club: weekly, Journal club meetings to be held to discuss the recent development in the subject published in the national and international journals.

3.2 Seminars: Seminars (5-6 in a year) shall be arranged from experts in the field.

3.3 Industrial visits: Visits to pharmaceutical industries to understand shop floor activities.

3.4 Conferences and meetings: Staff and students are to be encouraged to participate in seminars, workshops and conferences in the area of this subject.

THEORY






       
  50 hours  (2 Hrs./Week)
1. Preformulation studies  







06 Hrs








(Marks allotment : 15 )
Introduction, Consideration of physicochemical properties of new drug molecules for different dosage forms.  Aqueous solubility, organic solubility, intrinsic solubility, methods of enhancement of solubility-surfactants, pH, co-solvency, solid dispersion, complexation.  Techniques for the study of crystal properties and polymorphism - DSC, TGA, PXRD, Optical microscopy, hot stage microscopy. Excipient compatibility studies, Preformulation stability studies. 

2. Pilot plant scale-up techniques






06 Hrs








(Marks allotment : 15 )
Scale of batches for product development, layout of pharmaceutical pilot plant, organization structure, personnel, activities. Pilot plant of tablets, capsules, solutions, dispersions, semisolids, and parenterals. Protocols for technology transfer.
Process automation technology (PAT) in Pharmaceutical manufacturing. Introduction to SUPAC guidelines.

3. Drug stability kinetics - principles and applications 



05 Hrs








(Marks allotment : 15 )
Chemical kinetics, complex chemical reactions, degradation pathways of drugs, factors affecting chemical stability, influence of temperature on drug degradation, influence of pH of the vehicle on drug degradation.  Solid state drug stability, dosage form stability, accelerated stability testing, shelf life calculations.

4. Stability testing - drugs and dosage forms





04 Hrs








(Marks allotment : 10 )
Solid state drug stability, dosage form stability, accelerated stability testing, shelf life calculations, strategies for prolonging shelf life. Effect of packaging materials on dosage form stability.  Basic principles of ICH, stability testing of new drug substance and formulations, photostability testing and oxidative stability, role of containers in stability testing. WHO stability guidelines. 

5. Plant location, layouts, industrial hazards and plant safety


05 Hrs








(Marks allotment : 15 )
Pharmaceutical industry – location, layout, utilities, services. Accidents, mechanical hazards, electrical hazards, chemical hazards, gas hazards, dust explosion, fire and explosion hazards, prevention and control of all these hazards, safety management.
6. Environmental pollution, control, effluent analysis and treatment 

06 Hrs








(Marks allotment : 15 )
Water pollution and control, air pollution and control, noise pollution and control, solid waste management, effluent analysis, effluent treatment in formulation plants, effluent treatment in synthetic drug industry, effluent treatment in fermentation industries.  Different types of water used in pharma industry, preparation, and standards prescribed for water as per EPA, USA, WHO, and BIS.

7. Documentation and records







03 Hrs








(Marks allotment : 10 )
Material identification system, master formula records, control record, master production and control records, batch production and control records, equipment cleaning and usage log books, records related to container, closure and labeling, production record review, distribution records and complaint files.
8. IPRs and Regulatory guideline






7 Hrs








(Marks allotment : 15 )
Definition, Need for patenting, Types of Patents, Conditions to be satisfied by an invention to be patentable, Introduction to patent search. Parts of patents. Filing of patents. The essential elements of patent; Guidelines for preparation of laboratory note book, Non-obviousness in Patent. Brief introduction to Trademark protection and WHO Patents. IPR’s and its types, Major bodies regulating Indian Pharmaceutical sector, CDSCO, WHO, USFDA, EMEA, TGA, MHRA, MCC, ANVISA regulatory requirements for contract research organization. Regulations for Biosimilars.  Role of GATT, TRIPS, and WIPO.

9. Quality by design, design of experiments, formulation by design

4 Hrs








(Marks allotment : 10 )
USFDA’s view of QbD, Elements of QbD, QbD tools, Design of experiments –Methods and applications. Optimization techniques: Concept of optimization, optimization parameters, classical optimization. Statistical design (Simplex and factorial design).

10. Generic drug products







4 Hrs








(Marks allotment : 10 )
Various stages of drug - New chemical entity (NCE), new drug, investigational new drug (IND), new drug applications (NDA), active pharmaceutical ingredient (API), abbreviated new drug application (ANDA), generic drug product. Hatch-Waxman act. Drug regulations of IND, NDA, ANDA, orphan drugs. Differences between generic drug products and brand name products. Generic drug product development and its approval.
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PRACTICALS

Suggested  practical experiments 

1. Study on the effect of pH on the solubility of drugs.

2. Study on the effect of surfactants to improve the solubility of drugs. 

3. Study on the effect of cosolvents to improve the solubility of drugs. 

4. Study on diffusion of drugs through various polymeric membranes.

5. Study on the effect of pH on the stability of drug in solution at elevated temperature.

6. Accelerated stability study of aspirin or any other drug in solution dosage form.
7. Stability studies of drug in dosage form as per ICH guidelines.

8. Determination of pKa of a drug (8-hydroxyquinoline/pimozide/meloxicam or any other) using spectrophotometry.
9. Study on the methods of effluent testing.

10. Study on the effect of particle size on dissolution/ compatibility/flow properties.

11. Testing of drug degradation compounds using TLC.

12. Compatibility evaluation of drugs and excipients using spectrophotometry.  

13. Designing of plant layouts for tablets, liquid orals, and parenterals (3 experiments)

14. Dissolution of drugs in different pH media for comparison of performance with innovator.
15. Study of the effects of pH on rheological characteristics of carbopol gels using Brookefield viscometer.   

SCHEME OF EXAMINATION

1. Synopsis 

- 20 marks

2. Major experiment
- 35 marks

3. Minor experiment
- 25 marks

4. Viva-voce 

- 20 marks

16.      Total:                      100 marks
PAPER III - BIOPHARMACEUTICS AND PHARMACOKINETICS
Goal: To train the students in the area of biopharmaceutics and pharmacokinetics to work 
          efficiently in the R&D Dept of industry, to take part in clinical research (clinical trials)

Objectives: Upon completion of the course, the candidate shall have the ability to: 

· Calculate Pharmacokinetics parameters from the given data.

· Apply the principle of Pharmacokinetics in new drug development as well as in the design of new formulations.

COURSE DESCRIPTION

THEORY





  
    50 Hours ( T:2Hours/Week)

1. ABSORPTION OF DRUGS




             (8 Hrs.)









(Marks allotment : 20 )
 Structure of cell membrane, Gastro-intestinal absorption of drugs, mechanisms of drug absorption, Factors affecting drug absorption: Biological, Physiological, Physico-chemical and Pharmaceutical. Absorption of drugs from non-per oral routes, Methods of determining absorption: In-vitro, in-situ and in-vivo methods. 
















2. BIOAVAILABILITY






(7 Hrs.)







           (Marks allotment : 15 )
Objectives and consideration in bioavailability studies, Concept of equivalence, Measurement of bioavailability, Determination of the rate of absorption, Bioequivalence protocol and its importance, Bioequivalence studies.
          

                                                          
3. DISSOLUTION






          (3 Hrs.)








(Marks allotment : 10 )
BCS Classification, Noyes-Whitney’s dissolutions rate law, Study of various approaches to improve dissolution of poorly soluble drug, In-vitro dissolution testing models, In-vitro release kinetic models,  similarity and dissimilarity factors, biowaivers, In-vitro- In –vivo correlation. 















      

        



                                            
4. PHARMACOKINETICS 





        (10 Hrs.)









(Marks allotment : 25)

Basic considerations, Pharmacokinetic models, Compartment modeling: One compartment model - IV bolus, IV infusion, Extravascular; Multi Compartment models; Two compartment model - IV bolus, IV infusion, Extravascular, Three Compartment model in brief, Application of Pharmacokinetics in new drug development and designing of dosage forms and Novel drug delivery systems. 


       












      



 

5. NON-LINEAR PHARMACOKINETICS 


                        (3 Hrs.)








(Marks allotment : 10 )
Causes of non-linearity, Detection of non – linearity, Michaelis-Menten equation, Estimation of Km and Vmax with respect to individualization of a drug therapy.






         





6. NON-COMPARTMENT PHARMACOKINETICS

             (3 Hrs.)







           (Marks allotment : 10 )
Statistical moment theory, MRT for various compartment models, Physiological pharmacokinetic models.      

















7. DRUG DISTRIBUTION 






   (3 Hrs.)








(Marks allotment : 10 )
Factors affecting drug distribution, Volume of distribution, Protein binding- factors affecting, significance and kinetics of protein binding and drug displacement interactions.






    


   

8. BIOTRANSFORMATION 






   (3 Hrs.)








(Marks allotment : 5 )
Phase I (oxidative, reductive and hydrolytic reactions) and Phase II reactions (conjugation), factors affecting biotransformation.  












        



   

9. EXCRETION OF DRUGS 






     (3Hrs.)








 (Marks allotment: 5)


Renal and non-renal excretion. Concept of clearance- renal clearance, organ clearance and hepatic clearance. 

        



 

10. DOSAGE REGIMEN 





           (7 Hrs.)








(Marks allotment : 20 )
Multiple dosing with respect to I.V and oral route, concept of loading dose, maintenance dose, accumulation index, adjustment of dosage in renal and hepatic impairment, individualization of therapy, Therapeutic Drug Monitoring. 











                                                      
  PRACTICALS                



                    (T:6 Hours/Week)

1. Improvement of dissolution characteristics of slightly soluble drugs by Solid Dispersion.

2. Improvement of dissolution characteristics of slightly soluble drugs by Solvent deposition.

3. Improvement of dissolution characteristics of slightly soluble drugs by complexation.

4. Improvement of dissolution characteristics of slightly soluble drugs by solvent evaporation.

5. Comparison of dissolution studies of two different conventional marketed products of same drug. -  2 experiments

6. Influence of polymorphism on solubility.

7. Influence of polymorphism on dissolution.

8. Protein binding studies of a highly protein bound drug.

9. Protein binding studies of a poorly protein bound drug.

10. Permeation study of drug through biological membrane.

11. Calculation of Ka, Ke, t1/2, Cmax, and Tmax for two sets of data. -2 experiments

12. Calculation of bioavailability from urinary excretion data for two drugs. -2 experiments

13. Calculation of AUC and bioequivalence from the given data for two drugs. -2 experiments

SCHEME OF EXAMINATION

1. Synopsis  
-
20 Marks

2. Experiment
-
40 Marks

3. Calculation
-
20 Marks

4. Viva-voce
-
20 Marks

Total

-
100 Marks 
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PAPER IV-   ADVANCES IN DRUG DELIVERY SYSTEMS  
GOAL

To train the students in the area of novel drug delivery systems.
OBJECTIVE

Upon the completion of the course, the student shall have an understanding of the need, concept, design and evaluation of various sustained and controlled release dosage forms.

COURSE DESCRIPTION
THEORY





  
    50 Hours ( T:2Hours/Week)

1. CONCEPTS OF CONTROLLED RELEASE DRUG DELIVERY SYSTEMS
                                                                        (Marks allotment :20)                     (7 Hrs.)
Introduction, concept, advantages & disadvantages. Factors to be considered for designing controlled release dosage forms. Dissolution, Diffusion, Combination of dissolution and diffusion controlled drug delivery systems.  Evaluation of CRDF.

2.  POLYMER SCIENCE                                        



( 3 Hrs.)










(Marks allotment : 5 )
Polymer: Introduction, classification, general synthesis and evaluation techniques. Appplication of polymers in drug delivery.             
  3. APPROACHES TO CONTROLLED DRUG DELIVERY SYSTEM     
(8 Hrs.)    












(Marks allotment : 20 )                                            

Classification of rate-controlled drug delivery systems. Rate-programmed release, activation-modulated and feedback regulated drug delivery systems. Effect of system parameters on controlled drug delivery. Hydrodynamically balanced systems, Osmotic pressure controlled, pH controlled, ion exchange controlled systems.




4. MUCO ADHESIVE DRUG DELIVERY SYSTEMS                     
          ( 8 Hrs. )      










(Marks allotment : 15 )                                                                                                                              

Concepts, advantages and disadvantages, structure of oral mucosa, transmucosal permeability, theories of muco adhesion and muco adhesive polymers, mucosal membrane models, permeability enhancers. Development and evaluation of buccal, nasal, pulmonary, rectal, vaginal and ocular drug delivery systems and their applications.  







5.TRANSDERMAL DRUG DELIVERY SYSTEMS



(7 Hrs.)









(Marks allotment : 15 )        
Rationale behind transdermal drug delivery, Permeation through skin, factors affecting permeation, basic components of TDDS, formulation approaches used in development of TDDS and their evaluation, permeation enhancers. Iontophoresis, sonophoresis and magnetophoresis. 

6. PARENTERAL CONTROLLED RELEASE DRUG DELIVERY SYSTEMS 
                                                                                (Marks allotment: 15 )            ( 5 Hrs. )
Approaches for injectable controlled release formulations. Development and evaluation  of Implantable drug delivery systems, subcutaneous, intramuscular and intrauterine implants. 

7. NANO DRUG DELIVERY SYSTEMS


                                      ( 7 Hrs.)









(Marks allotment : 25 )        
Formulation, development and evaluation of Nanoparticles- Polymeric nano particles, Nano crystals, Solid Lipid Nanoparticles (SLN), Metal Nanoparticles. Vesicular Systems-Liposomes, Transferosomes, Ethosomes, Niosomes, Virosomes. Carbon Nano Tubes (CNT) and Dendrimers. Safety issues related to nano drug delivery systems. 








 8. TARGETED DRUG DELIVERY



                            (5 Hrs.)








          (Marks allotment : 15 )        
Concept, advantages and disadvantages, types of targeting and applications. Monoclonal antibodies- hybridoma cell production, diagnostic and therapeutic applications – cancer and autoimmune diseases. Problems related to monoclonal antibodies.








PRACTICALS                



                     (T:6Hours/Week)

1. Comparative evaluation of marketed sustained release tablets and data treatment.  

2. Preparation and evaluation of matrix tablets using natural polymers. 

3. Preparation and evaluation of matrix tablets using synthetic polymers.

4. Preparation and evaluation of microspheres by solvent evaporation.

5. Preparation and evaluation of muco- adhesive microspheres by ionic gelation method.

6. Preparation and evaluation of microspheres by temperature change method.

7. Preparation and evaluation of microcapsules by wax embedded method.

8. Preparation and evaluation of buccal patches.

9. Preparation and evaluation of buccal tablets. 

10. Preparation and evaluation of transdermal films. 

11. Evaluation of the effect of  various permeation enhancers on transdermal drug delivery. 

12. Preparation and evaluation of hydrodynamically balanced  tablets. 

13. Preparation and evaluation of ocular insitu gel. 

SCHEME OF EXAMINATION

1. Synopsis 
            
- 20 marks

2. Experiment

a) Formulation 
           - 35 marks

b) Evaluation                         - 25 marks

3. Viva-voce 

          - 20 marks

  Total:                                  100 marks
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1

