1. Introduction to Injectable Pre-formulation Sciences
Definition

Pre-formulation studies involve the investigation of physicochemical and biopharmaceutical
properties of drug substances before formulation development.

Objectives
o To design safe, stable, and effective parenteral formulations
o To identify critical formulation challenges early
e To ensure regulatory compliance (ICH, FDA, WHO)
Key Pre-formulation Parameters
1. Solubility
e Determines dose feasibility
o Influences bioavailability
e Methods:
o pH adjustment
o Salt formation
o Cosolvency (ethanol, PEG)
o Complexation (cyclodextrins)
2. Stability
o Affects shelf-life and efficacy
Types:
e Chemical instability
o Hydrolysis (B-lactams)
o Oxidation (vitamins)
e Physical instability
o Precipitation
o Polymorphic changes
e Biological instability
o Protein denaturation
o Photostability issues
3. Sterility

e Absolute requirement for injectables



e Must be free from microorganisms and endotoxins
Sterilization Methods:
e Moist heat (Autoclaving)
e Dry heat
o Filtration (0.22 um filter)
e Radiation
4. Compatibility
o Ensures no interaction with:
o Excipients
o Containers
o Infusion fluids
2. Case Study: Solubility
Problem
Many drugs are poorly water-soluble, limiting IV administration.
Advanced Approaches
o Lipid-based systems
e Nanotechnology
e Cyclodextrin complexation
Example: Paclitaxel (Taxol®)
e Vehicle: Cremophor EL + ethanol
o Issues:
o Hypersensitivity
o Non-linear pharmacokinetics
Improved Formulation
e Abraxane® (albumin-bound nanoparticles)
Clinical Insight
e Solubility enhancement must balance efficacy vs toxicity
3. Case Study: Stability
Importance

Instability leads to:



e Loss of potency

o Toxic degradation products

e Precipitation
Example: Amphotericin B

o Conventional form — unstable aggregates

e Liposomal form — improved stability + reduced toxicity
Stabilization Strategies

e Use of buffers

e Antioxidants

e Lyophilization

o Refrigerated storage
4. Case Study: Sterility
Why Critical?
Injectables bypass natural barriers — high infection risk
Example: Heparin Recall

o Endotoxin contamination — severe reactions
Sterility Assurance Level (SAL)

e Target: 10°¢ (1 in a million contamination risk)
Key Design Considerations

e Container closure integrity (CCI)

e (lean room classification (ISO 5, ISO 7)

e Aseptic processing
5. Case Study: Compatibility
Types of Compatibility

1. Physical compatibility

o Precipitation, turbidity
2. Chemical compatibility
o Degradation reactions
3. Therapeutic compatibility

o Altered drug effect



Example: Ceftriaxone + Calcium
o Formation of precipitate — fatal embolism

Practical Importance

o Label instructions (e.g., “Do not mix with calcium solutions™)

6. Advanced Considerations in Injectable Development
¢ pH and Buffering
o Affects:
o Solubility
o Stability
o Pain at injection site
¢ Osmolarity and Isotonicity
e Must match body fluids (~300 mOsm/L)
o Prevents:
o Hemolysis
o Irritation
¢ Particle Size
e Important for:
o Suspensions
o Emulsions
o Large particles — embolism risk
¢ Container-Closure System
e Glass vs plastic
o Rubber stopper interactions
o Leachables and extractables

Integrated Case Study Learning

Parameter Risk Real Example
Solubility Poor dissolution Paclitaxel
Stability Aggregation Amphotericin B
Sterility Contamination Heparin

Compatibility Precipitation Ceftriaxone + Ca

Outcome

Toxic excipient use
Reformulated
Recall

Fatal events



Overall Conceptual Understanding
o Every failure leads to:
o Regulatory action
o Product recall
o Patient safety issues
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