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Course of Study 
Course 

Code 

 

Name of the course 

 
No. of 

hours 

Tutorial  Credit  

points 

BP401T Pharmaceutical Organic Chemistry IIIς Theory 3 1 4 

BP402T 
 

Medicinal Chemistry I ς Theory 3 1 4 

BP403T 
 

Physical Pharmaceutics II ς Theory 3 1 4 

BP404T 
 

Pharmacology I ς Theory 3 1 4 

BP405T 
 

Pharmacognosy and Phytochemistry Iς Theory 3 1 4 

BP406P 
 
 

Medicinal Chemistry I ς Practical 2 2 

BP407P Physical Pharmaceutics II ς Practical 4 2 

BP408P Pharmacology I ς Practical 4 2 

BP409P Pharmacognosy and Phytochemistry I ς Practical 4 2 



Schemes for internal assessments and end semester examinations 

Course 
code 

Name of the course Internal Assessment End Semester Exams Total 
Marks 

Continuous 
Mode 

Sessional Examsm 
Marks                 Duration 

Total Marks Duration 

BP401T Pharmaceutical Organic 
Chemistry IIIς Theory 

10 15 1 Hr 25 75 3 Hr 100 

BP402T Medicinal Chemistry I ς 
Theory 

10 15 1 Hr 25 75 3 Hr 100 

BP403T Physical Pharmaceutics II ς 
Theory 

10 15 1 Hr 25 75 3 Hr 100 

BP404T Pharmacology I ς Theory 10 15 1 Hr 25 75 3 Hr 100 

BP405T Pharmacognosy and 
Phytochemistry Iς Theory 

10 15 1 Hr 25 50 2 Hr 75 

BP406P 
 

Medicinal Chemistry I ς 
Practical 

10 15 1 Hr 25 50 2 Hr 75 

BP407P Physical Pharmaceutics II ς 
Practical 

5 10 4 Hr 15 35 4 Hr 50 

BP408P Pharmacology I ς Practical 5 10 4 Hr 
 

15 35 4 Hr 50 

BP409P Pharmacognosy and 
Phytochemistry I ς 
Practical 

5 10 4 Hr 
 

15 35 4 Hr 
 

50 



Pharmaceutical Organic 
Chemistry III (Theory) 

Scope: This subject imparts knowledge on stereo-chemical aspects of organic 
compounds and organic reactions, important named reactions, chemistry of important 
hetero cyclic compounds. It also emphasizes on medicinal and other uses of organic 
compounds. 
 
Objectives: At the end of the course, the student shall be able to 
1. understand the methods of preparation and properties of organic compounds 
2. explain the stereo chemical aspects of organic compounds and stereo chemical 
reactions 
3. know the medicinal uses and other applications of organic compounds 
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STUDY SCHEME/SYLLABUS  

Unit  Course Content Hours 

I  Stereo isomerism 
Optical isomerism ï 

Optical activity, enantiomerism, diastereoisomerism, meso compounds 

Elements of symmetry, chiral and achiral molecules 

DL system of nomenclature of optical isomers, sequence rules, RS system of 

nomenclature of optical isomers 

Reactions of chiral molecules 

Racemic modification and resolution of racemic mixture. 

Asymmetric synthesis: partial and absolute 

 

 

10 

II   Geometrical isomerism 
Nomenclature of geometrical isomers (Cis Trans, EZ, Syn Anti systems) 

Methods of determination of configuration of geometrical isomers. 

Conformational isomerism in Ethane, n-Butane and Cyclohexane. 

Stereo isomerism in biphenyl compounds (Atropisomerism) and conditions for 

optical activity. 

Stereospecific and stereoselective reactions 

10 

III  Heterocyclic compounds: 
Nomenclature and classification 

Synthesis, reactions and medicinal uses of following compounds/derivatives 

Pyrrole, Furan, and Thiophene 

Relative aromaticity and reactivity of Pyrrole, Furan and Thiophene 

10 
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IV   Synthesis, reactions and medicinal uses of following compounds/derivatives 

Pyrazole, Imidazole, Oxazole and Thiazole. 

Pyridine, Quinoline, Isoquinoline, Acridine and Indole. Basicity of pyridine 

Synthesis and medicinal uses of Pyrimidine, Purine, azepines and their derivatives 

08 

V Reactions of synthetic importance 
Metal hydride reduction (NaBH4 and LiAlH4), Clemmensen reduction, Birch 

reduction, Wolff Kishner reduction. 

Oppenauer-oxidation and Dakin reaction. 

Beckmanns rearrangement and Schmidt rearrangement. 

Claisen-Schmidt condensation 

07 
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Unit 1-  Stereo Isomerism ,Optical Isomerism, DL System, RS System, 

Racemic Modification And Resolution Of Racemic Mixture.  

 

Å STEREOCHEMISTRY 

Å Isomers are different compounds with the same molecular formula. 

ÅThe two major classes of isomers are constitutional isomers and 

Å stereoisomers. 

Å Constitutional/structural isomers have different IUPAC names, the  same or different 

functional groups, different physical properties and  different chemical properties. 

Å Stereoisomers differ only in the way the atoms are oriented in  space. They have identical 

IUPAC names (except for a prefix like cis  or trans). They always have the same functional 

group(s). 

ÅA particular three-dimensional arrangement is called a configuration. 

ÅStereoisomers differ in configuration. 

 

Course Name :B.Pharmacy IV Semester                                                                       Subject Code :BP 401 T 



Å OPTICAL ACTIVITY  

Å Optical activity is the ability of a Chiral molecule to rotate the plane of plane-  polairsed light, 

measured using a polarimeter. 

Å PLANE POLARIZED  LIGHT:  

Å light that has been passed through a nicol prism or other polarizing medium  so that all of the 

vibrations are in the same plane. 

 

 

                                                                           

 

                     Polarized 

                                                                                                                                                                      
NON POLORIZED 

       Dextrorotatory  (+): 

Å An optically active compound that rotates plane polarized light in a

 clockwise  direction. (+) or (d) do not confuse with D 
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1-  Stereo Isomerism ,Optical Isomerism, DL System, RS System, Racemic 

Modification And Resolution Of Racemic Mixture.  

Å Levorotatory (-): 

Å An optically active compound that rotates plane polarized light in a counterclockwise  direction. 

Å (-) or (l) do not confuse with L 

Å The angle of rotation of plane polarized light by an optically active substance is  proportional to the 
number of atoms in the path of the light. 

 

 

 

 

Å Fischer Projections and the D/L Notation: 

V Fischer first  developed a method for drawing carbohydrates in two-dimensions,  and a convention 

with respect to orientation, so as to indicate their three  dimensional structures, so-called Fischer 

projections. 

V Fischer and Rosanoff then devised a notation for designating the configurations  of stereogenic 

centres, depicted in Fischer projections, as either D or L . 

Å   
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R-S Notational System(R/S) 

Å Cahn Ingold Prelog (CIP) sequence rules: 

 

Å Sequence rule 1: The atom attached to the chiral center with the highest atomic number = 1, 

Å next = 2, etc. 

Å Sequence rule 2: If the four atoms attached to the chiral center are not all different, the  

sequence is determined at the first point of difference. 

V Enantiomers are non-superimposable mirror image isomers. 

V Enantiomers are related to each other much like a right hand is related to a left 

Å hand. 

V Enantiomers are said to be Chiral . 

Å The process of separation of racemic form into individual enantiomers is called  resolution. 
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Unit 2- Geometrical Isomerism ( Cis Trans ,EZ, Syn Anti System) , 

Conformation Isomerism In Ethane, n- Ethane, n- Buthane, And 

Cyclohexane . 

 Å GEOMETRICAL  ISOMERS 

Å The -́bond in an alkene does not permit rotation, thus all of the atoms attached   directly to the 

alkene lie in a plane. 

Å Groups attached to the alkene could be positioned on the same side of the alkene  (or) on 

opposite sides of the alkene. Such compounds are different in chemical and  physical properties as 

well as in their geometry, and are called geometrical  isomers. 

 

 

 

 

 

 

Å cis-2-butene trans-2-butene 

Å The isomer with the groups on the same side is called the Cis isomer, while the 

Å isomer with the groups located on opposite sides is called the Trans isomer. 

 

 

Course Name :B.Pharmacy IV Semester                                                                       Subject Code :BP 401 T 



EN - System 

Å Cis isomer ï have same substituents on the same side of the double bond (Z-  zusammen 

(together) with more complex molecules having high priority  groups on the same side). 

Å Trans isomer ï have the same substituents on the opposite side of the double  bond (E - 

entgegen (opposite) with more complex molecules having high  priority groups on opposite sides). 
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GEOMETRICAL  ISOMERS 

 Å Atropisomerism  

Å - Biphenyls are compounds whereby a phenyl ring is connected to another through a central ů 

bond. - In unsubstituted biphenyl, there is sufficient amount of freedom of rotation around 

the central single bond to allow for free interconversion between the various conformers or 

rotamers so that the various rotamers cannot exist independently.  

Å  STEREOSPECIFIC REACTIONS  

Å - A stereospecific reaction is one which, when carried out with stereoisomeric starting 

materials, gives a product from one reactant that is a stereoisomer of the product from the 

other.  

Å - 'Stereospecific' relates to the mechanism of a reaction, the best-known example being the 

SN2 reaction, which always proceeds with inversion of stereochemistry at the reacting centre.  

Å STEREOSELECTIVE REACTIONS  

Å   

Å - A stereoselective process is one in which one stereoisomer predominates over another when 

two or more may be formed.  

Å - If more than one reaction could occur between a set of reactants under the same conditions 

giving products that are stereoisomers and if one product forms in greater amounts than the 

others, the overall reaction is said to be stereoselective.  

Å   
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GEOMETRICAL  ISOMERS 

 

Å  CONDITIONS FOR OPTICAL ACTIVITY  

Å 1) To exhibit optical activity molecule must possess asymmetric carbon: Asymmetric carbon 

compounds are optically active. But, presence of asymmetric is not only the requirement.  

Å 2) To exhibit optical activity molecule must not have the symmetry elements, (a) plane of 

symmetry (b) centre of symmetry (c) n-fold alternating access of symmetry. If these three are 

absent then only the compounds exhibits optical activity.  

Å (a)Plane of symmetry: A plane which bisects the molecules into two mirror images are called 

plane of symmetry. If the plane of symmetry is present then the molecule is optically inactive, 

if absent then optically active. 
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Unit 3-Nomeneclature And Clasification, Synthesis , Reaction And 

Medicinal Uses Of Following Compound- Furan, Pyrrole, Thiophene . 
  

Å Properties 
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Synthesis : 

Å Furan 

 

 

 

 

 

 

 

 

 

Å Readuction : 
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Unit 4- Synthesis , Reaction And Medicinal Uses Of Following Compound- Pyrazole, 

Imidazole, Oxazole, Thiazole, Indole, Pyridine, Qunoline And Isoqunoline . 

                                               PYRA  ZO  LE:  
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                                                                I MI  D A ZO LE: 
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O XA ZO LE 
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Thiazole 

Course Name :B.Pharmacy IV Semester                                                                       Subject Code :BP 401 T 



Unit 5- Reactions Of Synthetic Importance-Clemmensen Reduction , 

Birch Readction, Wolff Kishner Readuction, Oppenauer Oxidation and 

Claisen Schmidt Condensation. 

Å Clemmensen reduction 

Å The Clemmensen reduction is an organic reaction used to reduce an aldehyde or ketone to an  

alkane using amalgamated zinc and hydrochloric acid. 

 

 

 

* In Clemmensen reduction, the amalgamated zinc in HCl is used as reducing agent. 

 

* The C=O group is converted to -CH2- group. 
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Å In Wolff -Kishner reduction, the carbonyl compounds which are stable to strongly basic 

conditions can 

Å be reduced conveniently to alkanes. The C=O group is converted to CH2 group. 

 

 

Å The carbonyl compound is first treated with excess of hydrazine to get the corresponding 

hydrazone 

Å which upon heating, in presence of a base, furnishes the hydrocarbon. 

 

Å A high-boiling hydroxylic solvent, such as diethylene glycol (DEG), is commonly used to 

achieve the  temperatures needed. 

 

Wolff Kishner Reduction 
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Å In Birch reduction, aromatic rings are reduced to 1,4-dienes as an unconjugated 

cyclohexadienes  by alkali metals (Na, Li) in liquid ammonia and in presence of alcohols. 

 

 

 

 

 

 

 

 

 

ü The mechanism begins with a single electron transfer(SET) from the metal to the aromatic 

ring,  forming a radical anion. 

ü The anion then picks up a proton from the alcohol which results in a neutral radical 

intermediate. 

 

 

Birch Reduction 
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Å Oppenauer-Oxidation 

Å Oppenauer Oxidation is the process of conversion of secondary alcohols to ketones by 

selective oxidation. Oxidation  reaction takes place in the presence of Aluminium triisopropoxide 

[Al( i-Pro)3] in excess of  acetone. 

 

 

 

 

Å Acetone acts as a hydrogen acceptor, and it is transformed into 2-propanol. The presence 

of excess of acetone 

Å drives the reaction towards the oxidation product. 

Å The use of inert solvent such as benzene, toluene or dioxane minimizes the side products. 
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Unit No Description 

I Introduction to Medicinal Chemistry. History and development of 

medicinal chemistry. Physicochemical properties in relation to biological 

action. Drug metabolism 

II Drugs acting on Autonomic Nervous System, Adrenergic Neurotransmitters. 

III Cholinergic neurotransmitters. 

IV Drugs acting on Central Nervous System 

V Drugs acting on Central Nervous System 

Medicinal chemistry-I 
Upon completion of the course the student shall be able to 
1. understand the chemistry of drugs with respect to their pharmacological activity 
2. understand the drug metabolic pathways, adverse effect and therapeutic value of drugs 
3. know the Structural Activity Relationship (SAR) of different class of drugs 
4. write the chemical synthesis of some drugs 
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STUDY SCHEME/SYLLABUS  

Unit  Course Content 

Study of the development of the following classes of drugs, Classification, 

mechanism of action, uses of drugs mentioned in the course, Structure activity 

relationship of selective class of drugs as specified in the course and synthesis of 

drugs superscripted (*)  

Hours 

I  Introduction to Medicinal Chemistry 
History and development of medicinal chemistry 
Physicochemical properties in relation to biological action 
Ionization, Solubility, Partition Coefficient, Hydrogen bonding, Protein binding, 

Chelation, Bioisosterism, Optical and Geometrical isomerism. 

Drug metabolism 
Drug metabolism principles- Phase I and Phase II. 

Factors affecting drug metabolism including stereo chemical aspects. 

10 

II  Drugs acting on Autonomic Nervous System 
Adrenergic Neurotransmitters: 
Biosynthesis and catabolism of catecholamine. 

Adrenergic receptors (Alpha & Beta) and their distribution. 

Sympathomimetic agents: SAR of Sympathomimetic agents 
Direct acting: Nor-epinephrine, Epinephrine, Phenylephrine*, Dopamine, 

Methyldopa, Clonidine, Dobutamine, Isoproterenol, Terbutaline, Salbutamol*, 

Bitolterol, Naphazoline, Oxymetazoline and Xylometazoline. 

Å Indirect acting agents: Hydroxyamphetamine, Pseudoephedrine, 

Propylhexedrine. 

Å Agents with mixed mechanism: Ephedrine, Metaraminol. 

 

10 
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III   Cholinergic neurotransmitters: 
Biosynthesis and catabolism of acetylcholine. 

Cholinergic receptors (Muscarinic & Nicotinic) and their distribution. 

Parasympathomimetic agents: SAR of Parasympathomimetic agents 
Direct acting agents: Acetylcholine, Carbachol*, Bethanechol, Methacholine, 

Pilocarpine. 

Indirect acting/ Cholinesterase inhibitors (Reversible & Irreversible): 
Physostigmine, Neostigmine*, Pyridostigmine, Edrophonium chloride, Tacrine 

hydrochloride, Ambenonium chloride, Isofluorphate, Echothiophate iodide, 

Parathione, Malathion. 

Cholinesterase reactivator: Pralidoxime chloride. 
Cholinergic Blocking agents: SAR of cholinolytic agents 

Solanaceous alkaloids and analogues: Atropine sulphate, Hyoscyamine sulphate, 

Scopolamine hydrobromide, Homatropine hydrobromide, 

Ipratropium bromide*. 

Synthetic cholinergic blocking agents: Tropicamide, Cyclopentolate 

hydrochloride, Clidinium bromide, Dicyclomine hydrochloride*, Glycopyrrolate, 

Methantheline bromide, Propantheline bromide, Benztropine mesylate, 

Orphenadrine citrate, Biperidine hydrochloride, Procyclidine hydrochloride*, 

Tridihexethyl chloride, Isopropamide iodide, Ethopropazine hydrochloride. 

10 
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IV   Drugs acting on Central Nervous System 
A. Sedatives and Hypnotics: Benzodiazepines: SAR of Benzodiazepines, 

Chlordiazepoxide, Diazepam*, Oxazepam, Chlorazepate, Lorazepam, Alprazolam, 

Zolpidem 

Barbiturtes: SAR of barbiturates, Barbital*, Phenobarbital, Mephobarbital, Amobarbital, 

Butabarbital, Pentobarbital, Secobarbital 

Miscelleneous: Amides & imides: Glutethmide.  

Alcohol & their carbamate derivatives: Meprobomate, Ethchlorvynol.  

Aldehyde & their derivatives: Triclofos sodium, Paraldehyde. 

B. Antipsychotics 
Phenothiazeines: SAR of Phenothiazeines - Promazine hydrochloride, 

Chlorpromazine hydrochloride*, Triflupromazine, Thioridazine hydrochloride, 

Piperacetazine hydrochloride, Prochlorperazine maleate, Trifluoperazine hydrochloride. 

Ring Analogues of Phenothiazeines: Chlorprothixene, Thiothixene, Loxapine 

succinate, Clozapine. 

Fluro buterophenones: Haloperidol, Droperidol, Risperidone. 
Beta amino ketones: Molindone hydrochloride. Benzamides: Sulpieride. 

C. Anticonvulsants: SAR of Anticonvulsants, mechanism of anticonvulsant action 

Barbiturates: Phenobarbitone, Methabarbital. Hydantoins: 
Phenytoin*, Mephenytoin, Ethotoin Oxazolidine diones: 
Trimethadione, Paramethadione Succinimides: 
Phensuximide, Methsuximide, Ethosuximide* Urea and monoacylureas: 

Phenacemide, Carbamazepine* Benzodiazepines: Clonazepam 

Miscellaneous: Primidone, Valproic acid , Gabapentin, Felbamate 

08 
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V  Drugs acting on Central Nervous System 
General anesthetics: 
Inhalation anesthetics: Halothane*, Methoxyflurane, Enflurane, Sevoflurane, 

Isoflurane, Desflurane. 

Ultra short acting barbitutrates: Methohexital sodium*, Thiamylal sodium, 

Thiopental sodium. 

Dissociative anesthetics: Ketamine hydrochloride.* 

Narcotic and non-narcotic analgesics 
Morphine and related drugs: SAR of Morphine analogues, Morphine sulphate, 

Codeine, Meperidine hydrochloride, Anilerdine hydrochloride, Diphenoxylate 

hydrochloride, Loperamide hydrochloride, Fentanyl citrate*, Methadone 

hydrochloride*, Propoxyphene hydrochloride, Pentazocine, Levorphanol tartarate. 
Narcotic antagonists: Nalorphine hydrochloride, Levallorphan tartarate, 

Naloxone hydrochloride. 

Anti-inflammatory agents: Sodium salicylate, Aspirin, Mefenamic acid*, 

Meclofenamate, Indomethacin, Sulindac, Tolmetin, Zomepriac, Diclofenac, 

Ketorolac, Ibuprofen*, Naproxen, Piroxicam, Phenacetin, Acetaminophen, 

Antipyrine, Phenylbutazone. 
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Medicinal Chemistry: Medicinal chemistry and pharmaceutical chemistry are disciplines of 
pharmacy at the intersection of chemistry, specially synthetic organic chemistry and pharmacology 
and various other biological specialties, where they are involved with design, chemical synthesis 
and development for market of pharmaceutical agents. 

 

History of medicinal chemistry:  

ü 2000BC Materia Medica 250 vegetables drug and 120 mineral drugs. 

ü 1500BC Egyptian papyrusebers 700 drug originate from animal/plants/minerals. 

ü Emperor Frederick II  issued the Magna Carta of pharmacy in 1240. 

ü Synthesis of Urea 1828 started Organic medicinal Chemistry. 

ü Ehrlichôs ñside chain theoryò and chemotherapy and Fischerôs lock and key theory Birth of 
Modern Med Chem 1800. 

ü Medicinal chemistry received formal recognition in acaemic pharmacy in 1932. 

 

Ionization: Ionization or ionisation is the process in which an atom or a molecule acquires a 
negative or positive charge by gaining or losing electrons, often in conjugation with other chemical 
changes. 

 

Solubility: Solubility is a property referring to the ability for a given substance, the solute, to 
dissolved in a solvent at equilibrium.  

 

Partition coefficient: The ratio of concentrations of a compounds in a mixture of two immiscible 
solvents at equilibrium. It measure the substance are hydrophilic or hydrophobic in nature. 
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Hydrogen bonding: A hydrogen bond is a partial intermolecular bonding interaction 

between a lone pair on an electron rich donor atom. 

 

Protein binding: It is known as the degree to which medications attach to proteins within 

the  blood.  

 

Chelation: Type of bonding of ions and molecules to metal ions. It involves the formation 

or presence of two or more separate coordinate bonds between a polydentate ligand and a 

single central atom. 

 

Bioisosterism: Bioisosteres are chemical substituents or groups with similar physical or 

chemical properties which produce broadly similar biological properties to another chemical 

compounds. 

 

Optical isomerism: Optical isomers are two compounds which contain the same number 

and kinds of atoms, and bonds and different special arrangement of atoms, but which have 

non superimposable mirror images.  

 

Geometrical isomerism: It is also known as cis-trans isomerism or configurational 

isomerism. When in the structure of compound the groups are attached at the same side 

called as cis isomer and attached at the different side are called as trans form. 
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Drug metabolism: The metabolic breakdown of drugs by living organisms, usually through 

specialized enzymatic systems. 

 

Phase I metabolic reactions are: 

ü Oxidation 

ü Reduction 

ü Hydrolysis 

 

Phase II metabolic reactions are: 

ü Conjugation reactions 

 

Factors affecting drug metabolism are: 

Internal factors such as:  

ü Species 

ü Genetic 

ü Sex, Age 

ü Hormones, pregnancy, diseases 

External factors such as: 

ü Diet 

ü Environment 
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Sympatomimetic agents (Adrenergic Drugs): Sympathomimetic drugs are stimulant 

compounds which mimic the effects of endogenous agonists of the sympathetic nervous system. 

 

Classification of Sympathomimetics 

ü Direct acting:  

ü Alpha adrenergic blockers (Indirect acting agents): 

ü Adrenergic antagonist: Alpha adrenergic blockers 
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Beta adrenergic blockers: 

 

Å Propranolol is a non selective beta blocker, it block the action of epinephrine (adrenaline) and 

nor epinephrine (noradrenalin). It is used to treat high blood pressure, irregular heart rate, 

prevent migraine headaches. 

Å Metipranolol is a non selective beta blocker agent. It is used as an antiarhythmic, 

antihypertensive and antiglucoma agent. 

Å Labetalol is a dual alpha 1 and beta 1 and beta 2receptor blocker. 

Å Carvedilol is non selective beta adrenergic receptor blocker beta 1, beta 2 and an alpha 1 

alpha adrenergic blocker. It is used in the treatment of hypertension. 

Å Bisoprolol is a selective beta 1 receptor blocker. It is used for high blood pressure, chest 

pain and heart failure.   
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Synthesis of phenylephrine 

 

 

 

 

 

 

 

 

 

Synthesis of salbutamol 
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Synthesis of propranolol 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanism of action of sympathomimetic agents 

Å Direct acting adrenergic drugs stimulate the alpha and beta adrenergic receptors produce 

sympathomimetic effects. 

Å Some agents exhibit much higher affinities for particular receptor subtype, so much so that 

they are defined as almost exclusively associated with that adrenergic subtype. 

Å Indirect acting drugs may not of themselves have pharmacological activity that may 

increase the concentration of the endogeneous agents norepinephrine and/or epinephrine. 
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Å Cholinergic neurotransmitters: A neurotransmitter formed in pre and postganglionic 

synapses of the parasympathetic nervous system. Exm. acetylcholine. 

Å Acetylcholine: 

Å Major neurotransmitter in the peripheral nervous system 

Å Produced by the neurons in the parietal lobes of the brain 

Å Associated with thought, memory, and muscular coordination 

Å Associated with the speed of information processing in the brain and the production of myelin 

sheath 

Å Biosynthesis of Acetylcholine: 
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Å Cholinergic receptors (Acetylcholine receptor): An integral membrane protein that 

responds to the binding of acetylcholine, a neurotransmitter. The neurotransmitter 

acetylcholine is released from the terminals of all preganglionic  neurons in both the 

sympathetic and the parasympathetic divisions of the ANS. There are two categories of 

cholinergic receptors---- nicotinic and muscarinic. 

Å Nicotinic acetylcholine receptors: Also known as ionotropic acetylcholine receptors are 

particularly responsive to nicotine. The nicotine Ach receptor is also a Na+, K+ and Ca2+ ion 

channel. 

Å Muscarinic acetylcholine receptors: Also known as metabotropic acetylcholine 

receptors are particularly responsive to muscarine. 

Å Nicotinic receptors (N1): N1 receptor are located on postganglionic cell bodies in every 

ANS ganglion, both sympathetic (Yellow) and parasympathetic (light blue). N1 receptors are 

found is on chromaffin cells of the adrenal medulla. 

Å Muscarinic receptors: derived from the mushroom Amanita muscaria. 

Å Location and function of Muscarinic Receptors 

 

 
M1 M2 M3 

Autonomic Ganglia: 

Depolarization, alters autonomic nerve 

messaging 

Heart: reduced heart rate, slows AV node 

conduction, reduce force of contraction 

  

GI Tract & Gallbladder: 

Smooth muscle contraction 

Pupils: regulate pupil constriction 

Gastric Glands: 

Histamine release, acid secretion 

  Glands: Promotes eye, mouth, 

Sinus, lung and skin lubrication 

Brain:  

Increase memory, attention, emotional 

responses 

  Blood vessels: Increase vasodilation 
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Classification of Cholinergic agents: 

(a) Direct acting cholinergic: 

 

 

 

 

 

 

 

 

 

 

(b) Indirect acting/Cholinesterase inhibitors: 
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Synthesis of Procyclidine: 

 

 

 

 

 

 

 

 

 

 

Synthesis of dicyclomine hydrochloride: 
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Å Sedative: A sedative drug decreases activity, moderate excitement and calms the patient. 

Å Hypnotic drug: A hypnotic drug produces drowsiness and facilitates the onset and 

maintenance of a state of sleep that resembles natural sleep. Barbiturates & Benzodiazepines 

are widely used as sedative & hypnotic. Barbiturates are an old class of drugs used to relax 

the body and help people sleep. 

Å Benzodiazepines are useful for treating insomnia and anxiety. They are the class of 

medications that work in the central nervous system and are used for a variety of medical 

conditions. 

Å Classification of Benzodiazepines: 

Å A long duration of action: (1-3 days) e.g: Diazepam, Nitrazepam 

Å An intermediate of action: (10-20 hours) e.g: Alprazolam, Lorazepam. 

Å A short duration of action: (3-8 hours) e.g: Oxazepam, Triazolam. 
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MOA of benzodiazepines  

1. They have positive allosteric effect at GABA receptor. They bind at a different site than GABA or 

Benzodiazepines and stimulate the pharmacologic action of GABA which is the principal inhibitory 

neurotransmitter in the CNS. 

Å Classification of Barbiturates:  

Å Based on duration of action: 

Å A long duration of action: (6 hours or more) e.g: Barbital, Phenobarbital. 

Å An intermediate duration of action: (3 to 6 hours) e.g: Amobarbital, Talbutal. 

Å A short duration of action: (less than 3 hours) e.g: Pentobarbital, Secobarbital. 

 

 

 

 

 

 

Mode of action of barbiturates  

1. They have positive allosteric effect at GABA receptor. They bind at a different site than GABA or 

Benzodiazepines and stimulate the pharmacologic action of GABA which is the principal inhibitory 

neurotransmitter in the CNS 2. They inhibit AMPA receptor, which binds glutamate which is 

principal excitatory neurotransmitter in the CNS 3. At higher do they inhibit Ca2+ dependent release 

of neurotransmitters. 
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Antipsychotics 

Introduction: Antipsychotics also known as neuroleptics or major tranquilizers are a class of 

medications primarily used to manage psychosis principally in schizophrenia and bipolar disorder.  

First generation antipsychotics known as typical antipsychotics were discovered in the 1950s. 

Second generation drugs known as Atypical antipsychotics, first atypical antipsychotics was 

discovered in 1960s and introduced clinically in the 1970s.   

Definition: Antipsychotic drugs are a class of medicines used to treat psychosis and other mental 

and emotional conditions. 

 

Classification of antipsychotic drugs:  

Å Phenothiazines  

Å Aliphatic side chain: chlorpromazine, triflupromazine 

Å Piperidine side chain: Thioridazine 

Å Piperazine side chain: Trifluoperazine, fluphenazine 

Å Butyrophenones: Haloperidol, trifluperidol, droperidol, penfluridol 

Å Thioxanthenes: Thiothixene, flupenthixol  

Å Other heterocyclics: Pimozide, loxapine  

Å Atypical antipsychotics: Clozapine, olanzapine, risperidone, quetiapine, aripiprazole, 

ziprasidone. 
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Mechanism of action:  

Å Antipsychotic drugs block D2 receptors in the mesolimbic and mesofrontal systems. 

Å Sedation is caused by alpha-adrenergic blockade.  

Å Anti- dopaminergic actions on basal ganglia are responsible for causing EPS (extrapyramidal 

symptoms). 

Å Atypical antipsychotics have anti-serotonergic anti-adregenic and antihistamine actions.  

Synthesis of Phenytoin: 

 

 

 

 

 

 

 

 

 

Mechanism of action:  Phenytoin (Diphenylhydantoin) Phenytoin prolongs the inactivated 

state of voltage sensitive neuronal Na+ channel and reduces the neuronal excitability.  

Use: Phenytoin are used as anticonvulsants for the prevention of tonic-clonic seizures and partial 

seizures, but not absence seizures. It may also be used for certain heart arrhythmias or neuropathic 

pain. 
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General anasthetics 

Å General anaesthetics (GAs) are drugs which causes reversible loss of all sensation and 
consciousness.  

Å The cardinal features of GA  

Å Loss of all sensation, especially pain  

Å Sleep (consciousness) and amnesia  

Å Immobility and muscle relaxation  

Å Abolition of somatic and autonomic reflexes 

Stages of GA 

Stage I: Stage of Analgesia  

Stage II: Stage of Delirium and Excitement  

Stage III: Stage of Surgical anaesthesia 

Stage IV: Medullary / respiratory paralysis 

Classification of General anasthetics 

Inhalation:  

1. Gas: Nitrous Oxide  

2. Volatile liquids: Ether, Halothane, Enflurane, Isoflurane, Desflurane, Sevoflurane  

Intravenous:  

1. Inducing agents: Thiopentone, Methohexitone sodium, propofol and etomidate  

2. Benzodiazepines (slower acting): Diazepam, Lorazepam, Midazolam  

3. Dissociative anaesthesia: Ketamine  

4. Neurolept analgesia: Fentanyl 
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Mechanism of Action of General Anaesthetics 

Å GABAïAreceptor : Potentiated by Halothane, Propofol, Etomidate ,Enflurane, isoflurane, 

Desflurane, sevoflurane  

Å NMDA-receptors : Inhibited by Ketamine, nitrous oxide and xenon  

Å Glycine receptors : Potentiated by Halothane, Propofol, ,Enflurane, isoflurane, Desflurane, 

sevoflurane  

Å Also has effect on neuronal nicotinic receptors and 5-HT3 receptors. 

Inhalational Anaesthetics: 

Å Inhalational anaesthesia refers to the delivery of gases or vapours to the respiratory system to 

produce anaesthesia. 

Synthesis of halothane: 

 

 

 

 

 

 

 

 

 

Uses: Halothane used to start or maintain anaesthesia.  
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Narcotic and non-narcotic analgesics: 

Analgesics: Analgesics / Pain killers are common pain relievers acting centrally to elevate pain 
threshold without disturbing consciousness or altering other sensory modalities. Many analgesics also 
have antipyretic properties as well.  They can be used to reduce fever. Some analgesics are also anti-
inflammatory and anti-clotting drugs as well. 

Classification:  

(i) Opioid analgesics / Narcotic analgesics / Morphine like substances: predominantly acts on CNS.  

(ii)  Non-opioid analgesics / NSAID ï predominantly acts on peripheral nerves. 

Mild analgesics: 

Å They work by blocking the enzyme-controlled synthesis of prostaglandins.The main effects of 
prostaglandins are:  

Å The constriction of blood vessels, which helps increase the body temperature.  

Å Direct effect on the bodyôs heat regulating centre, hypothalamus, which produces fever. 

Å Increase of the permeability of capillaries which allows water to pass to the tissue and cause pain and 
swelling. 

Å Natural Painkillers: They are produced naturally in the body. 

Å Endorphins and Enkephalins are the natural opiates found in the part of the brain and the spinal cord 
that transmit pain impulses.  

Å They are able to bind to neuro-receptors in the brain and produce relief from pain. 

Å The temporary loss of pain immediately after an injury is associated with the production of these 
chemicals. 

Å Strong analgesics: They temporarily bind to the opiate receptor sites in the brain preventing the 
transition of pain impulses -The opium alkaloids. 

Å Opiate: it is a natural or synthetic drug that exerts actions on the body similar to those induced by 
morphine.  
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Narcotic antagonist: are structurally related to morphine with the exception of the group 
attached to nitrogen. They prevent or abolish excessive respiratory depression caused by the 
administration of morphine or related compounds. The act by competing for the same analgesic 
receptor sites.  

Classification:  

Å Pure antagonist e.g. naloxone, naltrexone. 

Å Partial antagonists of nalorphine e.g. Nalorphine, levallorphan and cyclazocine. 

Å Partial agonists of morphine type e.g. propiram, profadol. 

Anti-inflammatory drugs: inflammation is sometimes inappropriately triggered by an 
innocuous agent, such as pollen, or by an autoimmune response, as in asthma or rheumatoid 
arthritis. Inflammation is triggered by the release of chemical mediators from injured tissues and 
migrating cells and include amines, such as histamine and 5-hydroxytryptamine; lipids, such as 
the prostaglandins; small peptides, such as bradykinin; and larger peptides, such as interleukin-l. 

NSAIDs 

Å The NSAIDs are a group of chemically dissimilar agents that differ in their antipyretic, 
analgesic, and anti-inflammatory activities.  

Å They act primarily by inhibiting the cyclooxygenase enzymes that catalyze the first step in 
prostanoid biosynthesis. This leads to decreased prostaglandin synthesis with both beneficial 
and unwanted effects. 

Mechanism of action of NSAIDs 

1. Anti-inflammatory effect ï due to the inhibition of the enzymes cyclooxygenase, or COX, 
which converts arachidonic acid to prostaglandins, and to TXA2 and prostacyclin. ï Aspirin 
irreversibly inactivates COX-1 and COX-2 by acetylation of a specific serine residue. ï This 
distinguishes it from other NSAIDs, which reversibly inhibit COX-1 and COX-2. 
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PHYSICAL PHARMACEUTICS-II  

 
 

Scope: The course deals with the various physica and physicochemical properties, and 

principles involved in dosage forms/formulations. Theory and practical components of the 

subject help the student to get a better insight into various areas of formulation research 

and development, and stability studies of pharmaceutical dosage forms. 

 

Objectives: Upon the completion of the course student shall be able to 

1. Understand various physicochemical properties of drug molecules in the designing the 

dosage forms 

2. Know the principles of chemical kinetics & to use them for stability testing nad 

determination of expiry date of formulations 

3. Demonstrate use of physicochemical properties in the formulation development and 

evaluation of dosage forms.   
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STUDY SCHEME/SYLLABUS  

Unit  Course Content Hours 

I  Colloidal dispersions:  
Classification of dispersed systems & their general characteristics, size & 

shapes of colloidal particles, classification of colloids & comparative account 

of their general properties. Optical, kinetic & electrical properties. Effect of 

electrolytes, coacervation, peptization& protective action. 

05 

II  Rheology:  
Newtonian systems, law of flow, kinematic viscosity, effect of temperature, 

non-Newtonian systems, pseudoplastic, dilatant, plastic, thixotropy, thixotropy 

in formulation, determination of viscosity, capillary, falling Sphere, rotational 

viscometers 

 

Deformation of solids: Plastic and elastic deformation, Heckel equation, 

Stress, Strain, Elastic Modulus 

10 

III  Coarse dispersion:  
Suspension, interfacial properties of suspended particles, settling in 

suspensions, formulation of flocculated and deflocculated suspensions. 

Emulsions and theories of emulsification, microemulsion and multiple 

emulsions; Stability of emulsions, preservation of emulsions, rheological 

properties of emulsions and emulsion formulation by HLB method. 

10 
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III  Micromeretics:  
Particle size and distribution, mean particle size, number and weight distribution, 

particle number, methods for determining particle size by different methods, 

counting and separation method, particle shape, specific surface, methods for 

determining surface area, permeability, adsorption, derived properties of powders, 

porosity, packing arrangement, densities, bulkiness & flow properties. 

 

 

 

10 

IV  Drug stability:  
Reaction kinetics: zero, pseudo-zero, first & second order, units of basic rate 

constants, determination of reaction order. Physical and chemical factors 

influencing the chemical degradation of pharmaceutical product: temperature, 

solvent, ionic strength, dielectric constant, specific & general acid base catalysis, 

Simple numerical problems. 

Stabilization of medicinal agents against common reactions like hydrolysis & 

oxidation. Accelerated stability testing in expiration dating of pharmaceutical 

dosage forms. 

Photolytic degradation and its prevention 

 

10 
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Unit I COLLOIDAL DISPERSIONS. 

  
Definition :Colloidal system is dispersion where in internal phase dispersed particles are 

distributed uniformly in a dispersion medium (External/continuous Phase). Particle size-0.5 to 1 

micron In colloidal systems particles pass through filter paper but do not pass through 

semipermeable membrane diffuse very slowly. Example: Gelatin Acacia and Rubber 

CLASSIFICATION  OF COLLOIDAL  SYSTEMS ACCORDING  TO PARTICLE  SIZE 

 
class Particle size Characteristic Example 

Molecular 

dispersion 

Less than 1 

nm 

Invisible in electron microscope Pass 

through ultrafilter and semipermeable 

membrane Undergo rapid diffusion 

Oxygen molecules, 

ordinary ions, glucose 

Colloidal 

dispersion 

From 1 nm to 

0.5 µm 

Not resolved by ordinary microscope 

(although may be detected under 

ultramicroscope) Visible in electron 

microscope Pass through filter paper 

Colloidal silver sols, 

natural and synthetic 

polymers, cheese, 

butter,  

Coarse 

dispersion 

Greater than 

0.5 µm 

Visible under microscope Do not pass 

through normal filter paper Do not dialyze 

through semipermeable membrane Do not 

diffuse  

Grains of sand, most 

pharmaceutical 

emulsions and 

suspensions, red blood 

cell 
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 TYPES OF COLLOIDS 
On the bases of the interaction of the particles, molecules or ions of the dispersed phase with the 

molecules of the dispersion medium: 

1. Lyophilic collloids  

2. Lyophobic colloids 

3. Association colloids  

 

 Lyophilic collloids: 

In this system dispersed particles have a greater affinity to the dispersion medium (solvent). The 
dispersion medium forms a sheath around the colloidal particles and solvates. This makes the 
dispersion thermodynamically stable.   

 

 Lyophobic colloids:  

Colloids is composed of materials that have little attraction (solvent hating), is possible between the 
dispersed phase and dispersion medium. These are stable because of the presence of a charge on 
particles. Primarily there is absence of a solvent sheath around the particles   

 

 Association colloids:  

In this system certain molecules or ions called amphiphiles or surface active agents, are characterized 
by having two distinct regions of opposing solution affinities within the same molecule or ion when 
present in a liquid medium at low concentration, are called subcolloids   

As the concentration is increased aggregation occurs These aggregated contains 50 or more 
monomers, these are micelle. (CMC) 
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COMPARISON OF PROPERTIES OF COLLOIDAL SOLUTIONS 

 

  
 

 

 

 

 

LYOPHILIC LYOPHOBIC ASSOCIATION (AMPHIPHILIC) 
 

Disperse phase contains 
large organic molecule 
lying within colloidal range 

Dispersed phase contains 
inorganic particles Ex: Gold  

Dispersed phase consists of 
aggregates of small organic 
molecules or ions whose size is 
below the colloidal range. 

Molecules of the dispersed 
phase is solvated, i.e. they 
are associated with the 
molecules adjust with 
dispersion medium.  

Small interaction 
(solvation) between 
particles and dispersion 
medium. 

Hydrophilic or liphilophilc 
portion of the molecule is 
solvated depends on solvent 
system. 

Dispersion are generally 
stable in presence of 
electrolytes 

These dispersions are 
unstable even in small 
concentration of 
electrolytes 

CMC can be reduced by 
addition of electrolyte 
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OPTICAL KINETIC & ELECTRICAL PROPERTIES OF COLLOIDS 

  Optical properties: A strong beam of light passed through colloidal solution a visible cone is cone, 

resulting from the scattering of light by the colloidal particles, is formed this is the Faraday-Tyndall effect.  

Electron microscope: The electron microscope will  provide the actual pictures of the colloidal particles in 

the form of Shape, Surface area, Size, Porosity & density of the particles. 

Light scattering: This is based on Faraday-Tyndall effect it is widely used in the determination of 

Molecular weight of the colloids Size and shape of the colloids  

Kinetic  properties:  

Brownian motion: Random moment of colloidal particles of particles size as large as 5 micro meter.  

Diffusion: Particles diffuse spontaneously from a region of higher concentration to one of lower 

concentration until the concentration of the system is equilibrium.  

Sedimentation: The velocity v of sedimentation of spherical particles having a density ɟ in a medium of 

density ɟo and a viscosity no is given by stokes ós Law  

Viscosity: The viscosity is an expression of the resistance to flow of a system under an applied stress. Here 

it is concerned with the flow properties of dilute colloidal systems.  

Electrical properties: The properties of colloids that depend on, or are affected by, the presence of a 

charge on the surface of a particle.  

The movement of a charged surface with respect to an adjacent liquid phase is the basic principle 

underlying four electrokinetic phenomena: electrophoresis, electroosmosis, sedimentation potential, and 

streaming potential.  

Donnan Membrane Equilibrium: If  sodium chloride is placed in solution on one side of a semipermeable 

membrane and a negatively charged colloid together with its counterions R-Na+ is placed on the other side, 

the sodium and chloride ions can pass freely across the barrier but not the colloidal anionic particles.  
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Unit II RHEOLOGY. 

 

  
  

DEFINITIONS: Rheology is the science concerned with the deformation of matter under the 

influence of a stress. Viscosity is an expression of the resistance of a fluid to flow, the higher the 

viscosity, the greater the resistance.   

NEWTONIAN SYSTEMS  

Newton's law of flow (dynamic viscosity)   

 

 

 

 

 

 

 

 

The applied stress of force per unit area (F/A)  required to bring about flow is called the shear 

stress (S) and has units of N/m2.    

Rate of shear should be directly proportional to the shearing stress. 
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