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Abstract:

The development of controlled release drug delivery systems has emerged as a promising
strategy to improve therapeutic efficacy, minimize dosing frequency, and enhance patient
compliance, particularly in chronic conditions such as hyperlipidemia. This review focuses on
the formulation and evaluation of controlled release microspheres encapsulating Rosuvastatin
and Fenofibrate—two potent lipid-lowering agents with complementary mechanisms of action.
Microspheres, as multiparticulate systems, offer several advantages including uniform drug
distribution, predictable pharmacokinetics, and reduced side effects. The review discusses
various formulation approaches such as solvent evaporation, ionic gelation, and spray drying
techniques, emphasizing the role of polymers like ethyl cellulose, Eudragit, and sodium alginate
in modulating drug release kinetics. Critical formulation parameters—particle size, entrapment
efficiency, surface morphology, in vitro release profile, and stability—are systematically
analyzed to optimize therapeutic outcomes. Furthermore, the synergistic potential of
Rosuvastatin and Fenofibrate in combination therapy is highlighted, offering a dual mechanism
for effective management of mixed dyslipidemia. The review concludes that controlled release
microsphere formulations of these drugs can significantly improve bioavailability and maintain
sustained plasma concentrations, thereby enhancing lipid control and reducing cardiovascular
risk.

Keywords: Controlled release microspheres; Rosuvastatin; Fenofibrate; Hyperlipidemia; Lipid-
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Introduction

Cardiovascular diseases (CVDs) are among
the leading causes of morbidity and
mortality worldwide, with hyperlipidemia
being a major risk factor. Rosuvastatin, a
widely used statin, effectively lowers low-
density lipoprotein (LDL) cholesterol and

prevents atherosclerosis. However, its oral
administration is associated with several
limitations, including poor bioavailability
(~20%), extensive first-pass metabolism,
and potential gastrointestinal side effects.[1]
To overcome these challenges, novel drug
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delivery systems such as microspheres
have gained attention for enhancing drug
efficacy and patient compliance.
Microspheres are spherical, free-flowing
particles in the micron size range that
provide controlled and sustained drug
release. They offer several advantages,
including improved bioavailability,
prolonged circulation time, reduced dosing
frequency, and minimized side effects.[2]

Microspheres

Microspheres are small spherical shape
particles vary from 1 to 1000 in size.
Microsphere, as carrier for drug delivery
gain quality in recent era. Numerous natural
and synthetic polymers are with success
used to design microspheres. Most common
sorts of polymer microspheres embody
polyethylene and polystyrene microspheres
are popular among different. Synthetic resin
microspheres are most ordinarily used as
permanent or temporary filler wherever as
cinnamon microspheres are employed in
medicine applications.

Microspheres is  also  outlined as
microspheres are the substances or polymers
that having free flowing  property
(powders). Microspheres are consisting of
proteins or synthetic polymers

that are perishable in nature and ideally
having a particle size from 1-1000um.
Microspheres are known as as micro
particles. Microsphere are often
manufactured by numerous type of material
like glass, polymers, and ceramic
microspheres.  They’re  employed in
completely different applications; their use
depends on their material and particle size
employed in construction. Small sphere are
2 varieties microcapsules and micrometrics
that are delineated as, micro-capsules are
those during which entrapped substance is
clearly encircled by distinct capsule wall.[3]

And micrometrics during which entrapped
substance is spread throughout the matrix.
Microsphere plays a vital role to boost
bioavailability of conventional medication
and minimizing facet impact.

Advantages of microspheres-[4]

1. Proteins, enzymes can be delivering
through this system.

2. Drug targeting is possible

3. It provides constant and prolonged
therapeutic benefit.

4. Tt provides constant drug concentration
in blood thereby increasing patent
compliance.

5. It improves the bioavailability and
decrease the toxicity.

6. It reduces dosing frequency &improves
patient compliance and stability.

7. It can easily mask the unpleasant taste.

8. Better drug utilization will improve
the bioavailability and reduce the
incidence or intensity of adverse effects.

9. Protects the GIT from irritant effects of
the drug.

10. Biodegradable microspheres have the
advantage over large polymer implants
in that they do not require surgical
procedures  for  implantation and

removal.
Limitation-
1. Poor  reproducibility and poor

entrapment efficiency is reported.

2. The process conditions like temperature
change, pH, solvent addition, and
evaporation/agitation may influence the
stability of core particles to be
encapsulated.

3. Difference in the release rate from one
dose to another.

4. Premature drug release is also reported.

The costs of the materials and processing

of the controlled release preparation, are

substantially higher than those of
standard formulations.

N
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6. The fate of polymer matrix and its effect
on the environment.

7. The fate of polymer additives such as
plasticizers, stabilizers, antioxidants and
fillers.

8. The environmental impact of the
degradation products of the polymer
matrix produced in response to heat,
hydrolysis, oxidation, solar radiation or
biological agents.

Ideal properties of microspheres

1. The ability to incorporate reasonably
high concentrations of the drug.

2. Stability of the preparation after
synthesis with a clinically acceptable
shelf life.

3. Controlled particle size and
dispersability in aqueous vehicles for
injection.

4. Susceptibility to chemical modification.

Benefits of microsphere in drug delivery

system

Microspheres are used as controlled drug
delivery systems for a range of applications
as well as chemotherapy, cardiovascular
disease, hormone therapy, therapeutic super
molecule delivery, and  vaccinum
development. Delivery of medicine through
perishable  microspheres  has  varied
applications compared to standard delivery
systems. whereas in conventional systems
the drug is sometimes released shortly once
delivery of drug and stops the operating
once a short amount of your time, perishable
chemical polymer offers the simplest way to
supply sustained release over a extended
time, therefore eliminating the requirement
for multiple doses and making certain
sustained and controlled drug delivery over
weeks or months. Use of perishable
polymers minimizes the likelihood of
toxicity issues, however will manufacture
byproducts that has to be tolerated while not
adverse reactions.

Types of Microspheres:[S]

Bio adhesive microspheres
Magnetic microspheres
Floating microspheres
Radioactive microspheres
Polymeric microspheres

MRS

o Biodegradable
microspheres
e Synthetic polymeric microspheres

polymeric

Methods for Preparation of Controlled
Release Microspheres

Controlled release  microspheres are
multiparticulate drug delivery systems
designed to achieve sustained or controlled
drug release, reduce dosing frequency, and
improve therapeutic efficacy. The choice of
preparation method depends on the
physicochemical properties of the drug,
polymer type, desired particle size, and
release characteristics. The  major
preparation techniques are summarized
below.

1. Solvent Evaporation Method

This is one of the most widely used
techniques for the preparation of polymeric
microspheres. In this method, the drug and
polymer are dissolved in a volatile organic
solvent  (such as  dichloromethane,
chloroform, or ethyl acetate) to form an
organic phase. This phase is emulsified in an
aqueous phase containing an emulsifier like
polyvinyl alcohol (PVA) under continuous
stirring. Upon solvent evaporation, the
polymer precipitates, entrapping the drug to
form microspheres. The microspheres are
collected by filtration or centrifugation and
dried under vacuum.[6]

Advantages: Simple, reproducible, suitable
for hydrophobic drugs.

2. Emulsion Solvent Diffusion Method

In this method, the drug and polymer are
dissolved in a mixture of volatile and
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nonvolatile solvents (e.g., ethanol and
dichloromethane). The organic phase is
emulsified into an aqueous phase under
agitation, leading to solvent diffusion and
polymer precipitation to form
microspheres.[7]

Advantages: Produces uniform
microspheres with high encapsulation
efficiency.

3. Ionic Gelation Method

This method is primarily used for preparing
microspheres of natural polymers such as
sodium alginate.

The drug and polymer solution is dropped
into a solution of multivalent cations like
calcium chloride. Cross-linking between the
polymer and ions forms microspheres
instantaneously.[8]

Advantages: Mild process, no need for
organic solvents, suitable for heat-sensitive
drugs.

4. Spray Drying Method

In this method, the drug and polymer are
dissolved or suspended in a suitable solvent
system and then atomized into a hot air
chamber. Rapid solvent evaporation results
in the formation of solid microspheres.[9]

Advantages: Rapid, scalable, and suitable
for both hydrophilic and hydrophobic drugs.

5. Coacervation—Phase
Method

Separation

This technique involves the separation of a
polymer-rich phase (coacervate) from a
polymer-poor phase in which the drug
particles are dispersed. The coacervate phase
surrounds the drug particles and solidifies to
form microspheres upon cooling or cross-
linking.[10]

Advantages: Suitable for encapsulating
both hydrophilic and lipophilic drugs.

6. Double Emulsion (W/O/W) Solvent
Evaporation Method

This method is wused mainly for
encapsulating  hydrophilic ~ drugs. The
aqueous drug solution is emulsified in an
organic phase containing polymer (W/O),
followed by emulsification into another
aqueous phase to form a (W/O/W) double
emulsion. The solvent is then evaporated to
form microspheres.[11]

Advantages: Suitable for peptides, proteins,
and hydrophilic drugs.

7. Hot Melt Encapsulation Method

In this technique, the polymer is melted and
the drug is dispersed in the molten polymer.
The mixture is then emulsified in a non-
miscible liquid (e.g., silicone oil) and cooled
rapidly to form microspheres.[12]

Advantages:  Solvent-free, 1ideal for
lipophilic and thermally stable drugs.
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