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Controlled Drug Delivery Systems

Controlled Drug Delivery Systems

Introduction

Controlled drug delivery systems (CDDS) are advanced pharmaceutical technologies designed
to deliver therapeutic agents at predetermined rates, locally or systemically, for a specified
period.

Unlike conventional dosage forms, which often release drugs rapidly and uncontrollably, CDDS
aim to maintain consistent plasma drug concentrations within the therapeutic window,
enhancing efficacy and minimizing side effects.

Terminology/Definitions and Rationale

Controlled Release (CR): A system that delivers the drug at a predetermined rate, achieving a
constant drug concentration over an extended period.

Sustained Release (SR): Formulations that release the drug slowly over time but may not
maintain a constant plasma concentration.

Extended Release (ER): Dosage forms that allow a reduction in dosing frequency compared to
immediate-release forms.

Delayed Release: Systems that release the drug at a time other than immediately after
administration.

Targeted Drug Delivery: Delivery of drugs to a specific site, organ, or tissue to achieve a
localized therapeutic effect.

Rationale:

Traditional immediate-release formulations can lead to fluctuating drug levels, causing periods
of sub-therapeutic or toxic concentrations. CDDS address this by:

o Providing controlled, predictable drug release.
o Enhancing patient compliance through reduced dosing frequency.

o Minimizing side effects associated with peak plasma concentrations.

Advantages

1.

Improved Therapeutic Efficacy: Maintains optimal drug levels, enhancing treatment
outcomes.

. Reduced Side Effects: Avoids peaks and troughs in drug concentration, minimizing adverse

effects.

. Enhanced Patient Compliance: Less frequent dosing schedules improve adherence.
. Optimized Drug Utilization: Efficient use of the drug reduces waste and potential for abuse.

. Customization: Can be tailored to specific patient needs or disease states.
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Disadvantages

1. Complex Formulation and Manufacturing: Requires sophisticated technology and quality
control.

. Higher Costs: Development and production are more expensive than conventional forms.

. Risk of Dose Dumping: System failure can lead to rapid drug release, causing toxicity.
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4. Limited Dose Flexibility: Difficult to adjust dosing once administered.
5

. Not Suitable for All Drugs: Some drugs' properties may not be compatible with CDDS.

Selection of Drug Candidates

o |deal candidates for controlled release formulations typically possess:
o Short Biological Half-life: Drugs with short half-lives benefit from extended release.
o Low Dose Requirements: High-dose drugs may be impractical for controlled systems.

Good Absorption and Distribution: Consistent absorption throughout the Gl tract is
essential.

Wide Therapeutic Window: Allows for minor variations in drug release without toxicity.

Stability: Chemical and enzymatic stability within the formulation and body.

Approaches to Desigh Controlled Release Formulations

Novel Drug Delivery Systems (NDDS) aim to improve drug therapeutic efficacy and safety by
ensuring the timely delivery of the drug in required amounts to the target site.

Controlled release formulations, a type of NDDS, release the drug at a predetermined rate to
maintain therapeutic drug concentrations over prolonged periods.

Principles of Controlled Release Formulations
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Principles

Release Formulations

Based on Diffusion

o Diffusion-controlled systems rely on the movement of drug molecules from a region of higher
concentration to one of lower concentration through a barrier or matrix.

1. Reservoir Systems:
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