B. Pharmacy 1st Semester - Pharmaceutics 1
(UNIT -4)
Contents to be covered in this topic

e » SUPPOSITORIES
e » PHARMACEUTICAL INCOMPATIBILITIES

® SUPPOSITORIES

INTRODUCTION

Suppositories are semisolid dosage forms of various weights and shapes
that are medicated for insertion into body cavities such as the rectum,
vagina, and urethra. These pharmaceutical preparations are specifically
designed to melt, soften, or dissolve at body temperature, thereby

releasing the incorporated medicament for therapeutic action.

The primary characteristic that distinguishes suppositories from other
dosage forms is their ability to maintain solid form at room temperature
while becoming fluid or semi-fluid at body temperature. This unique
property allows for easy insertion and subsequent drug release at the site

of administration.

ADVANTAGES OF SUPPOSITORIES

Suppositories offer several distinct advantages that make them valuable

therapeutic dosage forms:



Pharmacokinetic Advantages:
e They effectively avoid first-pass metabolism, allowing drugs to enter
systemic circulation without hepatic biotransformation

e Provide both localized and systemic therapeutic effects depending on

the intended use

e Enable rapid and direct drug action in the rectum for local conditions
Patient-Related Benefits:

e Particularly useful for pediatric and geriatric patients who may have

difficulty swallowing oral medications

e Convenient for patients experiencing gastrointestinal irritation, nausea,
or vomiting

¢ Ideal for unconscious or uncooperative patients
Therapeutic Applications:

e Useful for promoting evacuation of bowel in cases of constipation
e Excellent for treating vaginal and rectal fungal infections

e Effective for delivering medications when oral route is compromised
Physical Properties:

e Melt predictably at body temperature ensuring consistent drug release

e Can be formulated to provide sustained or immediate release profiles

X DISADVANTAGES OF SUPPOSITORIES

Despite their advantages, suppositories present certain limitations:



Manufacturing and Storage Challenges:
e Preparation is more complicated compared to liquid and tablet
formulations
e Require storage at low temperatures to maintain stability and shape

e More expensive to manufacture than conventional oral dosage forms
Patient Acceptance Issues:

e Some patients feel embarrassed about using rectal or vaginal routes
e May cause irritation in sensitive patients

¢ Limited patient acceptance compared to oral medications
Formulation Limitations:

e |rritant drugs cannot be easily administered via this route

e Some drugs may be degraded by microbial flora present in body

cavities

e Fluid content of the rectum is much less than that of the small

intestine, potentially affecting dissolution rates
Stability Concerns:

e Susceptible to melting during transportation in warm climates
e May leak from body cavities if not properly formulated

e Limited shelf life compared to solid oral dosage forms

~ TYPES OF SUPPOSITORIES



Based on Route of Administration:

[ Type Route Primary Use
Rectal Suppositories Rectum Systemic absorption, local action
Vaginal Suppositories Vagina Local infections, contraception
Urethral Suppositories Urethra Local anesthesia, antibacterial
Nasal Suppositories Nasal cavity Decongestants, local action
Ear Suppositories Ear canal Local infections, wax removal

Based on Dosage Form Design:

1. Tablet Suppositories These are prepared by compression methods
similar to conventional tablets. They are specifically designed for rectal and
vaginal purposes, with pessaries often shaped like almonds. Rectal tablet
suppositories are typically covered with thin protective layers of materials
such as polyethylene glycol.

2. Layered Suppositories Layered suppositories contain different drugs in
separate layers to prevent incompatibility between active ingredients. This
design allows for controlled absorption rates and separation of potentially
incompatible drugs. Different layers may have varying melting points to

achieve sequential drug release.

3. Coated Suppositories These are prepared with coatings of free
unsaturated fatty acids or polyethylene glycol to provide smooth
lubricating properties. The coating materials control disintegration rates,

impart lubricant properties, and provide protection during storage.



4. Capsule Suppositories Made with soft gelatin in various sizes and

shapes, these suppositories can be filled with liquids, semisolids, or solids.

They are increasing in popularity due to their versatility and ease of

manufacturing.

SUPPOSITORY BASES AND THEIR TYPES

@ Ideal Properties of Suppository Bases

An ideal suppository base should possess the following characteristics:

Physical Stability: Must retain shape and size during storage and
handling

Melting Properties: Should melt at body temperature (37°C) for

optimal drug release

Biocompatibility: Must be non-irritant and compatible with body

tissues

Manufacturing Ease: Should shrink sufficiently for easy removal from

molds

Drug Compatibility: Must not interfere with drug release or

absorption
Versatility: Should permit incorporation of various types of drugs

Storage Stability: Should remain physically stable during storage
without softening or hardening

CLASSIFICATION OF SUPPOSITORY BASES



Base Type

Examples

Key Properties

Oleaginous

(Fatty) Bases

Theobroma oll,

Hydrogenated oils

Melt at body temperature,

immiscible with body fluids

Aqueous Bases

Glycero-gelatin,

Polyethylene glycols

Water-soluble/miscible, dissolve in

body fluids

Emulsifying

Bases

Witepsol, Massa

estarinum

Synthetic, combine properties of

fatty and aqueous bases

1. Oleaginous (Fatty) Bases

Theobroma Oil (Cocoa Butter): Theobroma oil is a natural fat obtained

from roasted seeds of Theobroma cacao. At room temperature, it appears

as a yellowish-white solid with a faint, agreeable chocolate-like odor.

Chemically, it consists of triglycerides, primarily oleopalmitostearin and

oleodistearine, with a melting point of 30-36°C.

Advantages:

e Melts just below body temperature ensuring predictable release

e Maintains solidity at usual room temperatures

e Readily liquefies on heating and solidifies on cooling

e Natural origin with good biocompatibility

Disadvantages:

e Susceptible to rancidity due to oxidation

e Tendency to stick to molds during manufacturing

e Potential leakage from body cavities




o Relatively expensive compared to synthetic alternatives

e |Immiscible with body fluids

e Certain substances like chloral hydrate can cause liquefaction
Hydrogenated Oils: These serve as substitutes for Theobroma oil and

include hydrogenated edible oils, coconut oil, palm kernel oil, and stearic

acids.
Advantages:

e Overheating does not affect solidification point
e Resistant to oxidation
¢ No mold lubrication required

e Good emulsifying and water-absorbing capacity
Disadvantages:
e Become brittle on rapid cooling

e More fluid than Theobroma oil when melted, causing sedimentation

2. Aqueous Bases (Water-Soluble/Miscible)

Glycero-Gelatin Base: This base consists of a mixture of glycerin and
water, made stiff by adding gelatin. The resulting suppositories are

translucent and dissolve in body fluids rather than melting.
Two types of gelatin are used:

e Type A (Pharmagel A): Acidic nature, suitable for acidic drugs

e Type B (Pharmagel B): Alkaline nature, suitable for alkaline drugs



Disadvantages:

¢ Incompatible with many drugs including tannic acid and ferric chloride
e Hygroscopic nature requires special storage containers
Polyethylene Glycols (PEGs): Also known as carbowaxes or macrogols,
these polymers vary in physical characteristics based on molecular weight.

PEGs with molecular weight less than 1000 are liquids, while those above

1000 are waxy solids.
Advantages:

e Prevent bacterial and mold growth
e Non-irritant and physiologically inert

e Good stability and compatibility
Disadvantages:

e Hygroscopic nature requires special storage

e Incompatible with certain drugs like tannins and phenols

3. Emulsifying Bases (Synthetic Bases)

Witepsol: Consists of triglycerides of saturated vegetable acids with
varying percentages of partial esters. These bases should not be cooled

rapidly to prevent brittleness and fracturing.

Massa Estarinum: A mixture of mono-, di-, and triglycerides of saturated
fatty acids (C11H23COOH to Cq7H35sCOOH). It appears as a white, brittle,
almost odorless solid with a melting point of 33.5-35.5°C.



Advantages over Theobroma Oil:

¢ Rapid solidification
e Non-irritant properties
e No mold lubrication required

e Heat-stable physical properties
Disadvantages:

e Should not be cooled rapidly

e Low viscosity on melting causes rapid sedimentation

.z PREPARATION OF SUPPOSITORIES

1. Hand Molding Method

Hand molding represents the oldest and simplest method for preparing
suppositories, though it requires skilled personnel. This method offers the
advantage of avoiding the necessity of heating cocoa butter, which can be
beneficial for heat-sensitive drugs.

Process:

1. Mix measured quantities of medicinal substances with sufficient

Theobroma oll
2. Triturate and soften with dilute alcohol until a smooth paste forms

3. Add remaining Theobroma oil and knead vigorously until the mass
becomes plastic

4. Transfer to filter paper and continue kneading by hand



5. Roll the mass into cylindrical shape on a pill tile

6. Cut into appropriate pieces and package in suitable containers

2. Compression Molding

This method involves mixing the drug with the suppository base and
forcing the mixture into molds under pressure using specialized

equipment.
Process:

1. Thoroughly mix Theobroma oil with the active drug

2. Force mixture into molds under pressure using wheel-operated

presses
3. Remove, open, and replace molds as needed

4. For large-scale production, use hydraulically operated machines with

water-jacketed cooling systems

3. Pour Molding (Fusion Method)

Pour molding is the most commonly used industrial method for
suppository preparation, offering good uniformity and ease of large-scale

production.
Process:

1. Disperse or dissolve the drug in melted suppository base
2. Pour the mixture into pre-heated suppository molds
3. Allow cooling in ice bath or refrigerated conditions

4. Remove finished suppositories by opening the molds



Equipment considerations:

e Molds are made from aluminum alloys, brass, or plastic
e Available with capacities ranging from six to several hundred cavities

e Proper temperature control is essential for quality products

DISPLACEMENT VALUE AND ITS
CALCULATION

The displacement value represents the quantity of drug that displaces one
part of the suppository base. This concept is crucial for accurate dosing

and consistent suppository weight.

Definition and Importance

Displacement value is defined as the amount of medicament that displaces
one unit weight of the suppository base. Understanding this value is

essential for:

e Maintaining consistent suppository weights
e Ensuring accurate drug dosing
e Predicting the amount of base needed for formulation

Calculation Method

Example Calculation: For suppositories containing 40% medicament in 1g

capacity molds:

Given data:



e Weight of 10 suppositories = 14.66 gm

e Medicament concentration = 40%
Step-by-step calculation:
1. Weight of 10 suppositories containing Theobroma oil alone = 1 x 10 =
10 gm
2. Weight of 10 suppositories containing 40% medicament = 14.66 gm
3. Amount of Theobroma oil present = (60/100) x 14.66 = 8.79 gm
4. Amount of medicament present = (40/100) x 14.66 = 5.86 gm
5. Amount of Theobroma oil displaced = 10 - 8.79 = 1.20 gm
6. Displacement value = 5.86 + 1.20 = 5 (approximately)

This means that 5 parts of the medicament displace 1 part of Theobroma
oil.

-

EVALUATION OF SUPPOSITORIES

1. Appearance Test

Visual examination encompasses multiple parameters essential for quality
assessment:

Parameters Evaluated:

e Color uniformity: Should be consistent throughout the suppository
e Odor characteristics: Should match expected base and drug odors

¢ Surface condition: Must be smooth without cracks, pitting, or

exudation



¢ Shape integrity: Should conform to mold specifications

Procedure: Cut suppositories longitudinally and examine both internal and
external surfaces. Uniform appearance indicates satisfactory drug

distribution and proper manufacturing processes.

2. Uniformity of Weight Test
This test ensures consistent drug content and manufacturing precision.
Procedure:

1. Weigh 20 suppositories collectively and calculate average weight
2. Weigh each suppository individually

3. Compare individual weights against the average
Acceptance Criteria:

¢ No suppository should deviate more than 5% from average weight
e Maximum of two suppositories may deviate by up to 7.5%

e Weight variation indicates improper mold filling

3. Melting Range Test

Also known as the macro melting range test, this evaluation measures the

time required for complete suppository melting at body temperature.
Apparatus:

e USP Tablet Disintegration Apparatus

e ERWEKA suppository melting point apparatus



e Graduated glass test chambers
Procedure:

1. Immerse suppository completely in 37°C water bath
2. Measure time for complete melting or dispersion

3. Record results for quality control assessment

4. Liquefaction/Softening Time Test

This test specifically evaluates rectal suppositories using specialized

apparatus.
Equipment:

e U-tube apparatus partially submerged in constant-temperature water

bath
e Glass rod placement system

e Temperature control system (+0.1°C accuracy)

Procedure:

1. Place suppository in U-tube constriction
2. Position glass rod on top of suppository
3. Record time for rod to pass through to constriction

4. Conduct tests at temperatures ranging from 35.5-37°C

5. Breaking Test/Hardness Test

This evaluation measures suppository brittleness and mechanical strength.



Apparatus Components:

e Double-wall chamber with water circulation
e Weight application system

¢ Disc and rod assembly for force transmission

Test Procedure:

1. Place suppository in dry inner chamber at 37°C
2. Apply initial weight of 600g

3. Add 200g weights at 1-minute intervals

4. Record weight at which suppository collapses

5. Establish acceptable breaking points for different shapes

6. Dissolution Testing

Dissolution testing presents unique challenges due to suppository melting

and deformation in test media.
Historical Approaches:

e Simple placement in beakers
e Wire mesh basket separation

e Membrane separation techniques
Modern Methods:

e Flow cell apparatus with glass bead retention

e Cotton or wire screening retention systems



e Controlled mass-medium interface techniques
Challenges Addressed:

e Melting deformation in dissolution medium
e Variable mass-medium interface
e Consistent sample positioning

e Reproducible testing conditions

» PHARMACEUTICAL INCOMPATIBILITIES

INTRODUCTION

Pharmaceutical incompatibilities represent undesirable interactions
resulting from prescribing or mixing two or more substances that are
antagonistic in nature. These interactions produce undesirable products
that may adversely affect the safety, therapeutic purpose, or physical

appearance of pharmaceutical preparations.

Incompatibilities are typically unintentional occurrences that may manifest
in-vitro between drugs and other components during preparation, storage,
or administration phases. Understanding these interactions is crucial for
pharmaceutical scientists and practitioners to ensure medication safety

and efficacy.

CLASSIFICATION OF PHARMACEUTICAL
INCOMPATIBILITIES



Pharmaceutical incompatibilities are broadly classified into three main

categories:
Type Nature Detection
Visible physical ] )
Physical/Pharmaceutical Visual observation
changes
Molecular Chemical analysis, color
Chemical
interactions changes
Therapeutic Altered drug effects Clinical observation

@ PHYSICAL INCOMPATIBILITIES

Definition and Characteristics

Physical incompatibilities involve visible physical changes that result in
unacceptable, non-uniform, or unpalatable products. These
incompatibilities stem from fundamental physicochemical properties such
as insolubility, immiscibility, precipitation, liquefaction, adsorption, and

complexation of solid materials.

The key characteristic of physical incompatibilities is that they can often be
corrected through various pharmaceutical techniques without altering the

chemical nature of the active ingredients.

Correction Methods

Physical incompatibilities can be addressed through several approaches:

Formulation Modifications:



e Alteration of mixing order
e Solvent system changes
¢ Ingredient form modifications

e Volume adjustments
Stabilization Techniques:

e Emulsification for immiscible systems
e Addition of suspending agents

¢ Incorporation of therapeutically inactive stabilizers

Types of Physical Incompatibilities

1. Immiscibility

Immiscibility occurs when two or more liquids cannot form a
homogeneous mixture, or when immiscible solids are combined with
liquids. This phenomenon is commonly observed when oil and water-

based systems are combined without appropriate emulsifying agents.
Correction Methods:

¢ Vigorous agitation: Mechanical mixing to create temporary

dispersions

e Emulsification: Addition of emulsifying agents to create stable

dispersions

¢ Solubilization: Use of surfactants to increase apparent solubility

2. Insolubility



Insolubility problems arise when solid materials cannot dissolve in the
liquid phase, resulting in non-uniform distribution. Common examples
include sulfamethoxazole, phenacetin, zinc oxide, and calamine in aqueous

systems.
Correction Strategies:

Cosolvency: Utilization of mixed solvent systems including alcohol,
propylene glycol, and syrups to enhance solubility through favorable drug-

solvent interactions.

Complexation: Formation of inclusion complexes or molecular
associations that increase apparent solubility. Examples include tri-iodide

complex formation and caffeine-sodium benzoate complexation.

Hydrotrophy: Use of hydrotropic agents like tween with hyoscyamine to

increase solubility through molecular interaction mechanisms.

Solubilization: Incorporation of surfactants to solubilize fat-soluble

vitamins and certain antibiotics through micelle formation.

3. Precipitation

Precipitation occurs when previously solubilized substances separate from
solution due to changes in the solvent system. This typically happens when
non-solvents are added to existing solutions, altering the solubility

equilibrium.
Prevention Methods:

e Careful selection of solvent systems

e Gradual addition of potentially precipitating agents



e Temperature control during mixing

e pH adjustment to maintain solubility

4. Liquefaction

Liquefaction involves the conversion of solid materials to liquid state due
to eutectic mixture formation or water liberation. Common substances
prone to liquefaction include menthol, thymol, camphor, phenol, naphthol,
and chloral hydrate.

Rectification Techniques:

Absorbent Addition: Incorporation of materials like kaolin or light
magnesium carbonate to absorb excess liquid and maintain solid

consistency.
Process Modifications:

e Controlled mixing order

e Solvent system alterations
¢ Ingredient form changes
e Volume adjustments

e Strategic emulsification

e Suspending agent incorporation

CHEMICAL INCOMPATIBILITIES

Definition and Scope



Chemical incompatibilities involve actual chemical interactions between
prescription ingredients, resulting in the formation of new chemical entities
that may be toxic, inactive, or therapeutically undesirable. These
interactions can occur immediately upon compounding (immediate

incompatibilities) or develop over time during storage.

Recognition Signs

Chemical incompatibilities can be identified through various observable
changes:

o Effervescence: Gas liberation indicating chemical reaction

e Decomposition: Breakdown of active compounds

e Color changes: Visual indication of chemical transformation

¢ Precipitation: Formation of insoluble reaction products

¢ pH changes: Alteration in solution acidity or alkalinity

Classification by Management Approach

Tolerated Incompatibilities
These reactions can be minimized through appropriate pharmaceutical
techniques without changing active ingredients:

e Suitable mixing order modifications

e Dilute solution preparation

e Temperature control during processing

e pH adjustment techniques



Adjusted Incompatibilities

These require substitution or addition of alternative ingredients with
equivalent therapeutic value:

e Active ingredient substitution
e Excipient modifications
e Formulation redesign

e Alternative delivery systems

Types of Chemical Changes

1. Oxidation Reactions

Oxidation involves electron loss from drug molecules, often catalyzed by
metal ions, light, or oxygen exposure. Common oxidation-prone drugs

include phenolic compounds, aldehydes, and certain vitamins.
Prevention Strategies:

e Antioxidant addition

Inert atmosphere packaging

Light protection

Metal chelation

Refrigerated storage

2. Hydrolysis Reactions

Hydrolysis involves water-mediated breakdown of chemical bonds,

particularly common in esters, amides, and glycosidic bonds. This process



is pH and temperature dependent.
Control Methods:

e pH optimization

e Moisture control

Temperature regulation

Buffer system utilization

Protective packaging

3. Polymerization

Polymerization involves the combination of small molecules to form larger

polymeric structures, often resulting in loss of therapeutic activity.
Prevention Approaches:

e Polymerization inhibitor addition

e Temperature control

Light protection

Dilution techniques

Alternative formulation approaches

4. Isomerization

Isomerization involves structural rearrangement without molecular weight

change, potentially altering therapeutic activity or producing toxic isomers.
Management Techniques:

e pH control



Temperature regulation

Light protection

Stabilizer incorporation

Alternative salt forms

® THERAPEUTIC INCOMPATIBILITIES

Definition and Clinical Significance

Therapeutic incompatibilities occur when the intended therapeutic
outcome differs from the actual clinical response due to drug interactions,
inappropriate dosing, or contraindicated combinations. These
incompatibilities may not involve visible physical or chemical changes but

can significantly impact patient safety and treatment efficacy.

Categories of Therapeutic Incompatibilities

1. Overdose Situations
Many therapeutic incompatibilities result from prescription errors leading
to excessive drug concentrations.

Pharmacist Responsibilities:

¢ Dose verification against standard references
¢ Patient-specific dose calculation

e Age and weight-based adjustments

e Renal and hepatic impairment considerations

e Drug concentration confirmations



2. Wrong Dosage Form

Confusion between drugs with similar names can lead to inappropriate

dosage form selection.
Prevention Strategies:

e Name similarity awareness

Clear labeling systems

Electronic verification systems

Patient counseling

Double-checking protocols

3. Contraindicated Drugs

Certain drugs are specifically contraindicated in particular disease states or

patient populations.
Common Examples:

e Penicillin in allergic patients

Sulfonamides in hypersensitive individuals

Corticosteroids in peptic ulcer disease

NSAIDs in renal impairment

Aspirin in bleeding disorders

4. Drug Interactions

The therapeutic effect of drugs can be significantly altered by concurrent

administration of other medications.



Interaction Types:

¢ Pharmacokinetic interactions: Affecting absorption, distribution,

metabolism, or elimination

¢ Pharmacodynamic interactions: Affecting drug action at receptor

sites

e Pharmaceutical interactions: Physical or chemical interactions in

dosage forms

5. Synergistic Effects

Synergism occurs when combined drugs produce effects greater than the
sum of individual effects. While often intentional, unexpected synergism

can lead to toxicity.
Management Considerations:

e Dose adjustment requirements

Enhanced monitoring protocols

Patient education importance

Adverse effect recognition

Therapeutic outcome optimization

6. Antagonistic Effects

Antagonism involves one drug opposing or reducing the pharmacological

activity of another drug, potentially leading to therapeutic failure.

Types of Antagonism:



Competitive antagonism: Competition for same receptor sites

¢ Non-competitive antagonism: Different mechanisms affecting same

pathway

Chemical antagonism: Direct chemical neutralization

Functional antagonism: Opposing physiological effects
Clinical Management:

e Drug combination avoidance
e Timing separation of administration
e Dose modification strategies
e Alternative therapeutic approaches

e Patient monitoring intensification

|2y CONCLUSION

Understanding suppositories and pharmaceutical incompatibilities is
fundamental to pharmaceutical practice. Suppositories offer unique
advantages for drug delivery, particularly when oral administration is
compromised, while pharmaceutical incompatibilities require careful
consideration to ensure medication safety and efficacy. Healthcare
professionals must possess comprehensive knowledge of these concepts

to provide optimal pharmaceutical care and ensure patient safety.



