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ABSTRACT: The present study focuses on the
formulation and evaluation of a liposomal
suspension of Ofloxacin to enhance its therapeutic
efficacy. Ofloxacin, a broad-spectrum
fluoroquinolone antibiotic, suffers from limitations
such as poor bioavailability and rapid systemic
clearance, which restrict its clinical effectiveness.
To overcome these challenges, liposomes were
formulated as a drug delivery system and
subsequently suspended to achieve controlled and
targeted drug release. Physical characteristics like
particle size, encapsulation efficiency, and in vitro
drug release were examined for the liposome
formulations.. The particle size distribution in the
final formulation was well-controlled, which is
beneficial for the formulation, targeted and
efficient drug transport, coupled with superior
encapsulation capacity and a prolonged drug
release behavior. Stability studies confirmed the
physical and chemical stability of the liposomal
suspension over time. The liposomal Ofloxacin
formulation proved to be effective against selected
bacterial strains.These findings suggest that
liposomal suspension of Ofloxacin offers a
promising approach for improving drug delivery,
minimizing side effects, and enhancing
antibacterial efficacy. Validating its therapeutic
potential and exploring its application in is
necessary through studies clinical settings.
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I. INTRODUCTION:

Liposomes are  spherical vesicles
composed of one or more phospholipid bilayers
enclosing an aqueous core, and they have become
prominent carriers in drug delivery systems due to
their biocompatibility, biodegradability, and the
ability to incorporate both water-soluble and fat-
soluble  therapeutic agents  within  the
delivery system. The concept of liposomes was

first introduced by Alec Douglas Bangham in 1961
at the Babraham Institute, Cambridge, during his
work with electron microscopy and phospholipid
dispersions. These structures, initially described as
"multilamellarsmecticmesophases,"  were later
termed "liposomes" upon the suggestion of Gerald
Weissmann to provide a more accessible
nomenclature, derived from the Greek words lipos
(fat) and soma (body). Bangham and his colleagues
formally published their findings in 1964,
establishing the foundational framework for
liposome research.

The phospholipid bilayer arrangement in
liposomes mirrors that of biological membranes,
wherein hydrophilic polar heads are oriented
towards the aqueous environments on either side of
the membrane, while hydrophobic tails align
inwardly, away from water. This structural
mimicry allows liposomes to serve as model
systems for biological membranes and efficient
delivery vehicles for therapeutic agents. Depending
on the solubility characteristics of the encapsulated
drug, liposomes can house hydrophilic molecules
in their aqueous core and lipophilic molecules
within the lipid bilayer. However, drugs with
intermediate partition coefficients may exhibit
instability due to diffusion between the lipid and
aqueous domains, leading to potential leakage over
time.The versatility of liposomes has positioned
them as a platform of interest for various
pharmaceutical applications. In 1974, Gregoriadis
and colleagues proposed their use in chemotherapy,
highlighting their potential for targeted delivery
and reduced systemic  toxicity.  Further
advancements in the 1990s led to the development
of polyethylene glycol (PEG)-coated liposomes,
also known as stealth liposomes, which
demonstrated prolonged systemic circulation by
evading recognition and clearance by the
reticuloendothelial system. PEGylation enhances
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the pharmacokinetics and biodistribution of
liposomes, especially in oncological therapies, by
minimizing uptake by non-target tissues and
enhancing accumulation at the pathological
site.Today, liposomes are employed in a broad
range of biomedical fields including oncology,
vaccinology, and gene delivery. Their unique
amphiphilic nature, coupled with the potential for
surface modification, enables site-specific drug
targeting, reduced drug toxicity, and controlled
release profiles. Continued research in liposome
formulation and characterization is critical for the
advancement of novel therapeutic strategies,
particularly in the realm of nanomedicine.

.Hydrophilic head

Aqueous
solution

"Hydrophobic tail

Fig. 1: Liposome structure

Advantages of liposomes:

Although numerous drugs available on the
market exhibit potent therapeutic effects, their
clinical utility is often restricted due to suboptimal
pharmacokinetic and pharmacodynamic properties.
Encapsulation of such drugs within liposomes
offers a strategy to enhance their pharmacological
profiles, enabling more consistent and controlled
therapeutic outcomes. Liposomal drug delivery
systems offer several advantages, including:

1. Facilitating selective passive targeting of tumor
tissues, as exemplified by liposomal doxorubicin.
2.. Enhanced stability through encapsulation.

3. Reduced toxicity of the encapsulated agents.

4 Site avoidance effect.

5. Improved pharmacokinetic effects (reduced
elimination, extended circulation lifetimes).

6. Flexibility to couple with site-specific ligands
for active targeting.

Disadvantages of liposomes:

Like all drug delivery systems, liposomes
are not without limitations. While they are
designed to improve the efficacy and therapeutic

performance of drugs, several factors, including
cost and formulation complexity, must be carefully
considered. One notable concern is the high cost
associated with the preparation of phospholipids,
which can impact the overall feasibility of
liposomal drug delivery.  This  preparation is
expensive to produce because of the costly raw
materials and equipment required for preparation.
While liposomes are generally considered non-
toxic, cationic liposomes may exhibit cytotoxicity
at elevated concentrations. In addition to this,
several other challenges associated with liposomal
systems include:

1. Sterilization: The sterilization of liposomal
formulations presents significant challenges due to
the sensitivity of liposomal structures to
conventional sterilization methods. The instability
of liposomes occurs in the presence of heat and
certain radiation methods. Sterilizing with
chemicals may cause stability problems.
Sterilization Method: Membrane filtration is
currently the most viable method for sterilizing
liposomes; however, it requires filters with pore
sizes that can accommodate liposomes without
compromising their structural integrity or
therapeutic efficacy.

< 0.2um. This method does not filter viruses.

Short self-life and stability: It is very
difficult to achieve the stability of liposomal
formulation due to chemical and physical
degradation. Chemically, they are prone to
oxidation and hydrolysis, and they can physically
fuse, forming larger vesicles. It can be prevented
by the addition of antioxidants such as tocopherol
and the addition of cholesterol to avoid fusion.

2. Entrapment efficacy: The amount of drug a
liposome can entrap is often low, and sometimes
drugs leak.

3. Removal from circulation by the
reticuloendothelial system (RES): The major
drawback of liposomes as a drug carrier is that they
are rapidly cleared by a phagocytic cell of the
mononuclear phagocytic system (MPS). Larger
liposomes are eliminated from circulation faster
than smaller liposomes. PEGylation can increase
the shelf life of liposomes.

TYPES OF LIPOSOMES:

Liposomes are classified based on their
structural properties, methods of preparation and
composition, and application. The properties of
liposomes, including their size, the number of
lamellae, and their positioning, vary significantly
based on the method of preparation, the types of
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lipids utilized, and the conditions under which the
liposomes are prepared. This parameter influences
the in vitro and in vivo characteristics of liposomes
Classification Based on Structural
Characteristics:

Liposomes can be categorized according to their
structural features, such as the number of lipid
bilayers and the size of the vesicles:

MLV Multilamellarvesicle,>0.5um

OLV Oligolamellarvesicle,0.1-1pm

UV |Unilamellarvesicle,allsizeranges
SUV Smallunilamellarvesicle,20-100nm
MUV Medium-sizedunilamellarvesicles
LUV |LargeUnilamellarvesicles,>1pum
GUV GiantUnilamellarvesicles>1um
MV [Multivesicularvesicles>1pm

Table no. 1: Classification Based on Structural Characteristics

Classification by Preparation Method:

Liposomes can be categorized based on the
preparation techniques employed, which impact their
properties and effectiveness:

REV SingleorOligolamellarvesicles aremadebythereverse-phaseevaporation
method.

IMLV-REV Multilamellarvesiclesare madebyareversephaseevaporation method

SPLV Stableplurilamellarvesicles.

[FATMLV Frozen& ThawedMLV

VET Vesicleswere preparedby theextrusionmethod.

|[DPRM Dehydration-rehydrationmethod.

Table no. 3: Classification by Preparation Method

METHOD OF PREPARATION:

The traditional approach for creating
liposomes involves dissolving lipids in an organic
solvent ,drying down the lipids from organic
solution, dispersion of lipidsinaqueous media Post-
preparation, liposomes are purified to eliminate
free drug and impurities, followed by analysis to
assess size, encapsulation efficiency, and stability.

Hand Shaking method:

In this technique, lipids are initially
dissolved in an organic solvent, commonly ethanol,
within a round-bottom flask subjected to
continuous rotary agitation. As the solvent
gradually evaporates, a uniform lipid film is
deposited along the inner wall of the flask.

Subsequent hydration of this film with purified
water, accompanied by consistent agitation, results
in the formation of liposomes—typically
multilamellar vesicles (MLVs). The use of a rotary
evaporator is now standard practice for this
process, offering improved reproducibility and
efficiency  compared to  the  traditional
manual shaking method.

DOI: 10.35629/4494-1003451457

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 3



International Journal of Pharmaceutical Research and Applications
V) Volume 10, Issue 3 May—June 2025, pp: 451-457 www.ijprajournal.com ISSN: 2456-4494

1JPRA Journal

FORMULATION TABLE FOR LIPOSOME:

Table no.3 : Formulation table (Liposome)

INGRIDIENT BATCH-1 BATCH-2 BATCH-3
1.CHOLESTROL 200mg 250mg 1000mg
2.PHOSPHOLIPD 100mg 250mg 500mg
3.OFLOXACIN 250mg 250mg 1250mg
4.CHLOROFORM- 10ml Sml 25ml
METHANOL

5.PBS 10ml Sml 25ml

[
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Fig. No 2: Liposome formulation in RBF

Boramni, Maharashtra, India

Liposomal Formulation Process:

Figure [2]depicts a step in the liposome
synthesis process when the rotary evaporation
technique is used to create a thin lipid layer inside a
round-bottom flask . The organic solvent,
comprising a mixture of methanol and chloroform,
was gradually evaporated under reduced pressure
to ensure uniform deposition of the lipid layer. The
formulation includes Ofloxacin, glycerol, and
phospholipids, as indicated. This step is critical for
the successful formation of multilamellar vesicles
(MLVs) upon subsequent hydration with
an aqueous phase.
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Fig. No. 3 :Prepared liposomes

Formulated Liposomal Suspension:

Figure [3] illustrates the prepared
liposomal suspensions contained in sealed, labeled
bottles under ambient conditions. The uniform
appearance and stable dispersion of the formulation
indicate successful encapsulation and physical
stability of the liposomes. No visible signs of phase
separation, sedimentation, or aggregation were
observed immediately after preparation, suggesting
appropriate formulation parameters and effective
dispersion of the lipid vesicles. These suspensions
were stored for further physicochemical and
stability evaluations.

10 pm--

Microscopic Characterization of Standard
Liposomal Structures:

A standard microscopic evaluation was
conducted to serve as a reference for structural
comparison with the formulated liposomes. As
shown in Figure [4], the standard liposomes exhibit
well-defined, spherical multilamellar vesicles
(MLVs), with clear concentric bilayer structures
observable under light microscopy. The scale bar
indicates a size range of approximately 10 pum,

Fig no. 4 Standard range for microscopic evaluation

confirming the vesicle dimensions fall within the
expected range for MLVs. These distinct
morphological features, including uniformity in
shape and membrane layering, provide a baseline
for assessing the quality and structural integrity of
the prepared liposomal formulations.
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Fig no. 5: Microscopic analysis

Microscopic Analysis of Formulated Liposomes:

Figure [5] presents a microscopic view of
the liposomes formulated during the study. The
picture demonstrates that spherical vesicular
structures with a rather homogeneous size and
dispersion were successfully formed . The
liposomes appeared well-defined and dispersed,
indicative of effective hydration and proper vesicle
formation. This observation supports the
reproducibility of the thin-film hydration method
used, validating the stability and morphology of the
liposomal suspension.

FORMULATION OF SUSPENSION:

Formulation of liposomes. For the
formulation of liposomes, we used a surfactant and
a suspending agent.

INGRIDEINT IBATCH-1 BATCH-2 IBATCH-3
IPreparedliposome 10ml 15ml 20ml
Tween80 1ml 1.5ml 2ml
HPMC 100mg 150mg 200mg
Glycerine Sml 10ml 15ml
IPappermint oil Iml Iml Im

Table no. 4 : Formulation table (Suspension)

EVALUATION
SUSUPENSION:
1. PHYSICALAPPEARANCE&HOMOGENETIY
2. pHMEASUREMENT

3. SEDIMENTATIONSTABILITY

PARAMETER FOR

1. Physical Appearance and Homogeneity of the
Formulated Suspension:

The physical appearance and homogeneity
of the liposomal ofloxacin suspension were
evaluated to assess its quality and stability. A
visually homogeneous suspension indicates

uniform distribution of dispersed particles, whereas
heterogeneous suspensions may exhibit
aggregation or sedimentation. The formulated
suspension exhibited a yellowish color with no
visible signs of particle aggregation. The absence
of floccules suggests that the formulation exists in
a deflocculated state, contributing to improved
physical stability and uniformity during storage.
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PHYSICALAPPEARANCETEST TABLE:

BATCH NO TASTE COLOUR
Batch-1 Sweet & pungent Yellow
Batch-2 Sweet & pungent Yellow
Batch-3 Sweet & pungent Yellow
Table no. 5: Physical Appearance
2. pH MEASUREMENT: Figure 6: Sedimentation profile of

Suspension physical appearance and
homogeneity are evaluated to ensure quality and
stability. Homogeneous suspensions have uniform
particle distribution throughout the liquid, while
heterogeneous suspensions show particles settling
or aggregating. Visual inspection and techniques
like microscopy can reveal particle size, shape, and
aggregation.

The formulated suspension exhibited a pH
value of 7, indicating neutrality.

pH TEST TABLE
BATCH no. pH

Batch-1
Batch-2
Batch-3

3. SEDIMENTATION STABILITY:

Suspension stability evaluation assesses a
suspension's ability to resist settling or aggregation
over time, ensuring it remains a homogeneous
mixture. This is crucial for various applications,
including pharmaceutical suspensions, where the
drug must remain uniformly dispersed for effective
dosage. Key methods include sedimentation
studies, rheological measurements, and zeta
potential determination, which help quantify
stability parameters.

Fig no. 6: Sedimentation rate

liposomal ofloxacin suspensions under static
conditions. The image illustrates the physical
stability assessment, with visible sedimentation
indicating phase separation over time. The
variation in sediment volume reflects differences in
formulation characteristics and stability.
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Sedimentation rate table:

BATCH NO. | INTIAL VOLUME SEDIMENT VOLUME Time takes
Batch-1 20 ml 4ml 2 hours
Batch-2 25 ml 6ml 2 hours
Batch-3 20 ml 3ml 2 hours
II1.
III. CONCLUSION: Methodologies, Commercial

In this study, ofloxacin-loaded liposomes
were successfully formulated and subsequently
developed into a stable suspension dosage form.
The liposomal formulation demonstrated favorable
encapsulation and uniform particle distribution,
while the suspension exhibited desirable physical
characteristics, including homogeneity, yellowish
appearance, and absence of aggregation, indicative
of a deflocculated system. The results confirm that
liposomal incorporation enhances the
physicochemical stability of ofloxacin, offering a
promising approach for improving its therapeutic
performance in suspension form. This formulation
strategy holds potential for further development
and optimization in targeted drug delivery
applications.
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