International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug. 2026, pp:636-654 www.ijprajournal.com
-
AN

IJPRA Journal

Novel Lipid Based Vesicular Drug Delivery Systems: A Review of
Advanced Carriers for Enhanced Therapeutic Delivery

Greeshma v p*!, Dr. Geetha v s?, Afeefa k a°, Kadeeja p s*, Sajin k ¢°
Department of Pharmaceutics
College of Pharmaceutical Sciences, Govt. Medical College, Kozhikode
Addpress for Correspondence: Greeshma V P
M.Pharm, Pharmaceutics
College of Pharmaceutical Sciences, Government Medical College, Kozhikode, Pin:673008

Date of Submission: 12-07-2026

Date of Acceptance: 23-07-2026

ABSTRACT: The advancement of nanotechnology
has significantly transformed modern drug delivery
by enabling the development of vesicular carrier
systems capable of overcoming the limitations of
conventional dosage forms. Vesicular drug delivery
systems are microscopic or nanoscopic lipid- or
surfactant-based carriers designed to encapsulate
both hydrophilic and lipophilic therapeutic agents,
thereby enhancing drug stability, solubility,
bioavailability, controlled release, and site-specific
targeting while minimizing systemic toxicity. Among
these systems, liposomes, niosomes, transferosomes,
ethosomes, glycerosomes, bilosomes,
pharmacosomes, cubosomes, emulsomes,
sphingosomes, virosomes, aquasomes, ufasomes,
enzymosomes, and other advanced vesicular carriers
have emerged as promising platforms for oral,
transdermal, ocular, pulmonary, and parenteral drug
delivery. Each vesicular system possesses unique
structural characteristics and functional advantages
that make it suitable for specific therapeutic
applications. Recent developments in formulation
strategies, surface modification, and ligand mediated
targeting have further improved the therapeutic
performance of these carriers, enabling enhanced
cellular uptake, prolonged circulation, controlled
drug release, and improved patient compliance.
Moreover, the integration of nanotechnology with
vesicular systems has accelerated the translation of
several formulations into clinical practice,
particularly in the treatment of infectious diseases,
cancer, inflammatory disorders, and chronic
illnesses. This review comprehensively summarizes
the composition, preparation techniques,
mechanisms of drug encapsulation, physicochemical
characteristics, advantages, limitations, and recent
pharmaceutical applications of conventional and
novel vesicular drug delivery systems. It also
highlights current research trends, clinical progress,
and future perspectives, emphasizing the potential of
these nanocarriers to improve therapeutic efficacy

and support the development of safer and more
effective drug delivery strategies.
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I. INTRODUCTION

Nanomedicine is an interdisciplinary area
that uses nanoscale materials and devices to improve
illness prevention, diagnosis, and treatment by
combining nanotechnology with pharmaceutical and
biological sciences. Enhanced drug solubility,
extended systemic circulation, regulated drug
release, and the possibility of passive or active
targeting are some of the special physicochemical
and biological characteristics of nanocarriers. These
features minimize systemic toxicity and side effects
while enabling increased therapeutic efficacy. With
many nanoparticle-based formulations licensed for
therapeutic and diagnostic uses, particularly in cancer
treatment and targeted drug delivery, nanomedicine
has developed over the last 20 years from a promising
concept into a clinically useful field!".

Many therapeutic agents have poor aqueous
solubility, limited permeability, low bioavailability,
rapid systemic clearance, instability in physiological
environments, and non-specific tissue distribution,
developing an effective drug delivery system
continues to be one of the main challenges in
pharmaceutical ~ research. = These  restrictions
frequently lead to decreased therapeutic efficacy,
more frequent doses, and unwanted systemic toxicity,
which affects patient compliance and treatment
results. As a result, a lot of work has gone into
creating sophisticated drug delivery systems that can
enhance the pharmacokinetic and pharmacodynamic
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characteristics of medicinal compounds. Invention of
many conventional and sophisticated vesicular
systems intended to overcome the drawbacks
formulations. A number of modified systems,
including as niosomes, transferosomes,
glycerosomes, bilosomes, and other specialized
vesicular platforms, have evolved from liposomes,
the initial generation of vesicular carriers. These
carriers have differences in their composition,

Conventional vesicles

physical properties, production techniques, drug
loading capacity, stability, deformability, and drug
transport mechanisms. With growing uses in oral,
transdermal, ophthalmic, pulmonary, topical,
parenteral, and targeted drug delivery, this system
plays a crucial role in contemporary pharmaceutical
research as a result of their enhanced therapeutic
activity!?,

Modified vesicles

* Liposomes
* Niosomes

1) Liposomes

In the 1960s, Bangham and associates made
the initial discovery of liposomes, which have
subsequently grown to be one of the most thoroughly
studied vesicular drug delivery systems. Liposomes
are one of the most effective nanocarrier platforms in
pharmaceutical research because of their special
structural features, superior biocompatibility, and
capacity to encapsulate a broad range of therapeutic
compounds. The food and drug administration (FDA)
has approved a number of liposomal formulations for
clinical usage, demonstrating their importance in
modern medication administration]. Liposomes are
spherical vesicles composed of one or more
phospholipid bilayers enclosing an aqueous medium.
Being amphiphilic in nature, they can encapsulate
both hydrophilic and lipophilic drugs simultaneously.
Liposomes are very versatile drug carriers, trapping
hydrophilic drugs in the aqueous core and
incorporating lipophilic drugs in the phospholipid
bilayer. The main components of liposomes are
phospholipids, which can be natural (e.g., soybean
phosphatidylcholine) or synthetic. Cholesterol is

* Bilosomes

+ Transferosomes
* Ethosomes

* Glycerosomes

* Phytosomes

* Sphingosomes

* Pharmacosomes
* Cubosomes

* Spanlastics

Brijosomes
* Erythrosomes
* Archaeosomes
*  Emulsomes
Ufasomes
* Virosomes
* Enzymosomes

often incorporated into lipid bilayers, as it decreases
membrane permeability, modulates membrane
fluidity and largely increases vesicle stability in
biological fluids such as blood and plasma.
Additional components, such as polymers and
membrane proteins, can be incorporated to prolong
systemic circulation, optimise biodistribution, and
increase therapeutic efficacy. Above their phase
transition temperature, phospholipids dispersed in
water spontaneously form liposomes. Initially,
multilamellar vesicles are produced, which can be
subsequently converted into smaller unilamellar
vesicles by sonication, extrusion, homogenisation or
high-pressure processing depending on the required
particle size and application. By lowering recognition
and clearance by the mononuclear phagocyte system,
surface modification with polyethylene glycol (PEG)
or pegylation results in stealth liposomes with a
longer circulation period™.

Liposomes interact with  biological
membranes in a number of ways, depending on their
physicochemical properties and surface features.
These include direct lipid exchange or adsorption to
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the cell membrane, phagocytosis, nonspecific
endocytosis, receptor mediated endocytosis, and
membrane fusion. Cellular uptake is influenced by a
number of variables, including vesicle size, lipid
composition, surface charge, targeted ligand
presence, and the biological milieu. Particle size
distribution is typically considered while evaluating
liposomes. Also consider Zetapotential,
polydispersity index, encapsulation effectiveness,

morphological features, ex vivo penetration, in vitro
and in vivo and stability!].

Proliposomes are a dry, free flowing solid powder of
conventional liposomes that improve drug loading
and storage stability.in addition to resolving the
physical and chemical property instabilities®!
Liposomes are classified based on different
properties

)liposome based on vesicular size!”

Table 1: vesicular size of different vesicle

Types of vesicles Vesicular size
Unilamellar vesicles All size range
Small unilamellar vesicles 20-100pm
Large unilamellar vesicles >100um
Giant unilamellar vesicles >]1um
Multilamellar vesicles >0.5um
Oligolamellar vesicles 0.1-1um

2)according to composition!”’

e Conventional liposome
Immunoliposome
Cationic liposome
Ph sensitive liposome
Fuso genic liposome
Magnetic liposome
Long circulatory liposome

e  Heat or temperature sensitive liposome
There are different formulation techniques;

e Rotary evaporation method/hand shake
method: common method™
Homogenization!!

Sonication method"”

Ether injection method!!!

Ethanol injection method!'?!

Solvent evaporation method!'?!
Detergent removal method!'4!
Reverse phase evaporation method!'>!

e Sc-reverse phase evaporation method!'®

e Supercritical anti solvent method!!”!

e Rapid expansion of supercritical solution
method¥!

e Depressurization of expanded liquid organic
solution method™”!

e  Microfluidic method!?”

e Membrane contactor method(?!}

Liposomes possess several advantages/?l:

e Biocompatibility and biodegradability.

e Ability to encapsulate both hydrophilic and
lipophilic drugs.

e Drug loading capacity

e Reduced systemic toxicity and adverse
effects.

e Flexibility for surface modification to
achieve targeted and controlled drug
delivery.
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® Hydrophilic drug
Hydrophobic drug

Fig:1 showing liposome structure strusstructure

Applications of liposomes

Table 2: applications of liposomes

Sl.no Active agent Route of delivery Reference
1 Celastrol Topical (23]
2 Melatonin Nasal and brain (24]
3 Cyclosporin Lung 23]
4 Natamycin Topical [26]
5 Vitamin D3 Oral 27)
6 Sodium acetate Oral (28]
7 Paclitaxel Oral 29)
8 Rivaroxaban Oral (39)
9 Doxorubicin Iv (31]
10 Amphotericin B Iv (32]

2) Niosomes

Niosomes are microscopic vesicular
structures obtained from the self-assembly of non-
ionic surfactants alone or in combination with
membrane stabilisers like cholesterol in aqueous
medium. Structurally, they consist of one or more
concentric bilayers surrounding an aqueous core,
which can entrap hydrophilic drugs in the aqueous
space and lipophilic drugs in the hydrophobic bilayer.
The bilayer membrane is made up of hydrophobic
alkyl chains pointing inwards and hydrophilic head
groups pointing outwards to the surrounding aqueous
environment. This amphiphilic architecture provides
versatility to load drug molecules with different
physicochemical properties. Non-ionic surfactants
employed for the preparation of niosomes include
spans, tweens, brij surfactants, polyoxymethylene
alkyl ethers, polyglycerol alkyl ethers, glucosyl
dialkyl ethers, sucrose esters, crown ethers and
steroid-linked surfactants. Cholesterol is often added
to the bilayer in order to increase membrane rigidity,

reduce permeability, decrease drug leakage and
improve vesicle stability and entrapment efficiency.
Moreover, the inclusion of charged molecules, such
as diacetyl phosphate, stearyl amine, and
diacylglycerol, can be used to impart surface charge
and thus increase the electrostatic repulsion between
vesicles, preventing aggregation and improving
colloidal stability!33],

Based on their size and lamellarity,
niosomes are typically categorized as small
unilamellar vesicles (SUVs; 25-50 nm), large
unilamellar  vesicles (luvs; >100 nm), and
multilamellar vesicles (MUVs; >500 nm). The
manufacturing method, surfactant composition,
cholesterol level, and hydration conditions all have a
significant impact on the physical and chemical
characteristics of these vesicles34.

Various methods have been developed for
the preparation of niosomes. Common techniques are
thin-film hydration (hand-shaking) method, reverse
phase evaporation, ether injection, sonication, micro
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fluidization, = multiple = membrane  extrusion, e Enhanced chemical and physical stability
transmembrane p' gradient loading, emulsion compared to liposomes due to the use of non-

method, lipid injection method and micellar
transformation method. The preparation method has
a significant impact on the size distribution,
lamellarity, encapsulation efficiency, drug loading
and release properties of vesicles®™,

Proniosomes are free flowing, dry
formulations made of cholesterol, non-ionic
surfactants, and other membrane stabilizers applied
to an appropriate carrier. Compared to traditional
niosomes, they easily transform into niosomal
vesicles upon hydration, providing better stability,
convenience of storage, and increased drug
delivery!3¢l,

Advantages of niosomes!*”)
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ionic surfactants.

e Ability to encapsulate both hydrophilic and
lipophilic drugs

e Improved bioavailability and
efficacy

e Potential for targeted and site-specific drug
delivery

e Biocompatible,
immunogenic

o Cost-effective and easy to manufacture and
store, as they do not require special handling
conditions such as an inert atmosphere or low-
temperature storage

therapeutic

biodegradable, and non-

= === Non ionic surfactant (head )

- = Aqueous core

-+ Cholesterol

Fig:2 showing niosomes structure

Applications of niosomes
Table :3 applications of niosomes

Sl.no Active agent Reference
1 Atorvastatin [38]
2 Daunorubicin [39]
3 Bupropion [40]
4 Caffein [41]
5 Phyllanthus emblica [42]
6 Geraniol [43]

3) Bilosomes

Conacher et al. (2001) coined the term
bilosomes for the first time while developing an oral
vaccine delivery system of influenza subunit vaccine,
synthetic measles peptide and bovine serum albumin
as model antigens. In this formulation, bile salts were
incorporated into non-ionic surfactant vesicles to
improve their stability in the harsh gastrointestinal
environment and to improve oral antigen delivery.

Since then, bilosomes have emerged as a promising
vesicular nanocarrier for oral delivery of drugs,
proteins, peptides and vaccines*!. Bilosomes are
mainly composed of non-ionic surfactants, bile salts,
cholesterol and phospholipids stabilised with bile
salts in vesicular systems. Similar to niosomes, they
have a lipid bilayer with an aqueous core but the
presence of bile salts increases membrane flexibility,
deformability and resistance to gastrointestinal
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degradation. The properties of bilosomes ensure their
structural integrity during passage through the
gastrointestinal tract, leading to improved intestinal
absorption and increased oral bioavailability™],

Bile salts are endogenous amphipathic
steroidal molecules synthesized in the liver and
secreted into the intestine. Their unique hydrophilic
and hydrophobic surfaces enable efficient interaction
with biological membranes. In bilosomes, bile salts
improve vesicle stability, membrane flexibility, and
permeability while protecting the vesicles from
gastrointestinal bile salts and digestive enzymes[*].
They also impart a negative surface charge that
enhances colloidal stability and promotes uptake by
m cells in Peyer’s patches, facilitating intestinal
lymphatic transport. Commonly used bile salts
include sodium deoxycholate (SDC), sodium cholate
(SC), sodium glycocholate (SGC), sodium
taurocholate (STC), and sodium taurodeoxycholate
(STDC), with sodium deoxycholate being the most
widely used™”1,
Non-ionic surfactants are the primary structural
components of bilosomes owing to their excellent
biocompatibility, chemical stability, and low toxicity.
They form the vesicular bilayer and function as
emulsifying, solubilizing, wetting, and permeability-
enhancing agents. The span and tween series are the
most frequently employed surfactants because of
their favourable safety profile and ability to form
stable vesicles™®,
Phospholipids are amphiphilic molecules that readily
self-assemble into bilayer vesicles, contributing to
membrane integrity, biocompatibility, and efficient
drug encapsulation.
Cholesterol enhances membrane rigidity, decreases
bilayer permeability, minimizes drug leakage, and
improves the physicochemical stability of
bilosomest*”,

Following oral administration, bilosomes
protect encapsulated drugs from gastric acidity, bile-
mediated disruption, and enzymatic degradation.
Their lipid-rich composition and incorporated bile

salts facilitate uptake by m cells in Peyer’s patches,
enabling transport through the intestinal lymphatic
system. This pathway bypasses hepatic first-pass
metabolism,  resulting in  improved  oral
bioavailability, prolonged systemic circulation,
enhanced therapeutic efficacy, and reduced dosing
frequency™. There are modifications performed on
bilosomes such as  chitosan  coatingl%,
pegylation®] antigen coating®?, carbohydrate
coating®¥! and pluronic bilosomes®*!. Bilosomes are
promising carriers for oral vaccines because they
protect encapsulated antigens from gastrointestinal
degradation. Following intestinal uptake by m cells,
the vesicles deliver antigens to antigen-presenting
cells, which activate T and B lymphocytes and induce
both mucosal and systemic immune responses. These
properties make bilosomes an effective platform for
oral immunization®*.

Advantages of bilosomes®!

e Enhanced gastrointestinal stability due to the
incorporation of bile salts, which protect vesicles
from bile salts, gastric acid, and digestive
enzymes.

e Improved oral bioavailability by enhancing
intestinal permeation and facilitating lymphatic
absorption.

e  Bypass of hepatic first-pass metabolism

e Protection of encapsulated drugs and
biomolecules (e.g., peptides, proteins, and
vaccines) from chemical and enzymatic
degradation.

e Improved drug entrapment and sustained release

e Efficient uptake through m cells of Peyer’s
patches, enabling targeted intestinal delivery and
enhanced mucosal absorption.

e Suitable for oral delivery of vaccines and
biologics, capable of eliciting both mucosal and
systemic immune responses.

e Biocompatible, biodegradable, and flexible
vesicular carriers
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- — — — Aqueous core

Bile salt

Cholesterol

Fig:3 showing bilosome structure

Applications of bilosomes

Table :4 applications of bilosomes

Sl.no Active agent Route of delivery Reference
1 Eprosartan mesylate Oral (57]
2 Ondansetron Transdermal [38]
3 Resveratrol Intranasal (9]
4 Moxifloxacin Ocular [60]
5 Tetanus Toxoid [2]

4) Transferosomes

Transferosomes are advanced lipid
nanocarriers developed to overcome the limited skin
permeation of conventional liposomes and niosomes.
The name is derived from the latin word transferre
(“to carry across”) and the greek word soma
(“body”). Transferosomes contain an aqueous core
surrounded by one or more phospholipid bilayers.
Hydrophilic drug is entrapped in the aqueous core of
liposome whereas lipophilic drug is incorporated in
the lipid bilayer depending upon the physicochemical
property of drug. Main composition includes
phospholipids such as soy phosphatidylcholine, egg
phosphatidylcholine  (lecithin) and cholesterol
provide biocompatibility and structural stability to
form the basic vesicular bilayer, edge activators are
single-chain surfactants which destabilise the lipid
bilayer, provide elasticity and increase membrane
deformability. Tween 80, span 80, sodium cholate
and sodium deoxycholate are common edge
activators and co-solvents and penetration enhancers
such as alcohols, especially ethanol or methanol, may
be incorporated to increase membrane fluidity and
enhance transdermal drug transport!6!l.

Transferosomes use a special mechanism
based on the trans-epidermal moisture gradient to
enter the skin. When applied topically in non-
occlusive settings, water evaporates from the skin's
surface, resulting in an osmotic gradient between the

more hydrated inner layers and the dry outer surface.
The force that causes the transferosomes to go to the
deeper areas of the skin is this hydration gradient,
also known as hydro taxis. Intact vesicles can pass
through the stratum corneum into the viable
epidermis, dermis, and, in certain situations, the
systemic circulation because the flexible membrane
can be continually adjusted without rupturing during
penetration. In terms of transdermal penetration
efficiency, transferosomes outperform traditional
liposomes due to their remarkable deformability [62].

Rotary film evaporation (thin film
hydration) method: most commonly used method,
reverse phase evaporation, vortex/sonication method,
ethanol injection method, freeze thaw method are the
general methods to prepare transferosomes.
Characterisation of transferosomes includes the
assessment of morphology, particle size, surface
charge, drug loading, deformability and skin
permeation. The morphology of the vesicles was
studied by TEM or phase contrast microscopy and the
particle size and zeta potential were measured by
DLS. Entrapment efficiency is determined by
centrifugation/ultracentrifugation and drug content
by UV-visible spectrophotometry or HPLC.
Membrane extrusion is used to measure the
deformability of vesicles and skin permeation and in
vitro drug release are measured by Franz diffusion
cells or fluorescence microscopy!®?.
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Advantages of transferosomes(®’!

e  Ultra-deformable vesicles that effectively
penetrate intact skin.

e Both low molecular weight and high molecular
weight medications can be delivered trans
dermally.

e high efficiency of drug entrapment, especially
for lipophilic drugs.

O%QQQQQ
@R N | R
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e Prevent enzymatic and metabolic deterioration
of encapsulated medications.

e Reduce the frequency of doses by providing
continuous and regulated medication release.

e Avoid hepatic first-pass metabolism to increase
bioavailability.

e Because of their phospholipid nature, they are
both biocompatible and biodegradable.

e For industrial production, a straightforward
formulation method with acceptable scalability

————— Edge activator

_______ Aqueous core

Fig:4 showing transferosome structure

Applications of transferosomes

Table :5 applications of transferosomes

Sl.no Active agent Reference
1 Indinavir sulfate 641
2 Methotrexate [65]
3 Ampbhotericin b [66]
4 Curcumin 1671
5 Sodium humate [68]
6 Quercetin 1691
5) Ethosomes phospholipids, common  phospholipids  like
Ethosomes are novel elastic vesicles phosphatidylcholine, phosphatidylserine and

composed of lipids which are specially designed to
overcome the poor penetration ability of
conventional liposomes to the skin. They consist
mainly of phospholipids, a fairly high concentration
of ethanol and water. The high ethanol content, unlike
liposomes, provides the vesicular membrane with a
high degree of flexibility, which allows ethosomes to
penetrate efficiently through the stratum corneum
and deliver drugs to deeper layers of the skin or to the
systemic  circulation. = Composition includes

phosphatidic acid have been employed to provide
membrane integrity, excellent biocompatibility,
biodegradability and encapsulation efficiency for
hydrophilic and lipophilic therapeutic agents, another
one is ethanol which is present in relatively high
concentrations (20-50%) and fluidises both the
vesicular membrane and the lipid bilayers of the
stratum corneum. It increases the membrane
elasticity, improves the deformability of vesicles,
enhances physical stability and produces a negative
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surface charge, which decreases the size of vesicles
and prevents their aggregation. In general, higher
ethanol concentrations decrease vesicle size, and
lower ethanol concentrations create comparatively
larger vesicles and water acts as a medium for
hydration in the formation of vesicles and the
aqueous core which can encapsulate hydrophilic
drugs, other excipients contains isopropyl alcohol,
propylene glycol or other permeation enhancers to
improve vesicle stability, drug solubility and skin
permeation(’"],

The better skin permeation of ethosomes is
due to the combined effects of ethanol and
ethosomes. Ethanol initially partitions into the
intercellular lipid matrix of the stratum corneum to
induce a disruption of the highly ordered lipid
arrangement, an increase in lipid fluidity and a
reduction in lipid packing density. This phenomenon,
known as the ethanol effect, temporarily decreases
the barrier function of the skin and opens a pathway
for drug diffusion. Then the highly flexible ethosomal
vesicles enter through these disrupted lipid domains.
Because they are deformable, they fuse with skin
lipids and migrate into deeper epidermal and dermal
layers with the encapsulated drug. This effect, called
the ethosome effect, provides efficient intracellular
and intercellular drug transport and may even enable
systemic delivery after transdermal absorption. Cold
method is the most frequently used technique in
which phospholipids and drug are dissolved in
ethanol and then aqueous phase is added gradually
with continuous stirring. Hot method, phospholipids
are dispersed in water heated to about 40°C while
ethanol and other ingredients are heated separately.
The mixing of both phases under stirring yields the
formation of ethosomes. Vesicular system
characterised by evaluating their morphology,
particle size, surface charge, drug loading and skin
permeation. Vesicle morphology was examined by
TEM or SEM, particle size and zeta potential were
determined by DLS, entrapment efficiency was

determined by ultracentrifugation and lipid phase
behaviour was determined by DSC. Drug content is
analysed by UV-visible spectrophotometer or HPLC,
while skin penetration is evaluated using confocal
laser scanning microscopy (CLSM)["!1,

Transethosomes are a  sophisticated
ethosome modification that incorporates an edge
activator into  the ethosomal formulation.
Transethosomes use the combined action of ethanol
and an edge activator to create highly deformable
vesicles, whereas ethosomes mainly rely on ethanol's
permeation enhancing effect. Transethosomes can
more effectively penetrate the stratum corneum than
conventional ethosomes leads to their increased
flexibility, which improves skin penetration,
increases drug deposition, and increases the
bioavailability of both hydrophilic and lipophilic
medicines!’?.

Advantages of ethosomes!”!

e Significantly enhance dermal and transdermal
drug permeation compared with conventional
liposomes.

e  Capable of encapsulating hydrophilic, lipophilic,
and amphiphilic drugs.

e  Deliver drugs to deeper skin layers and systemic
circulation through a non-invasive route.

e High ethanol content improves vesicle
flexibility, stability, and skin permeation.

e Improve drug bioavailability and therapeutic
efficacy while reducing systemic side effects.

e Biocompatible and biodegradable owing to their
phospholipid composition.

e Simple, reproducible, and
preparation methods.

e  Suitable for a broad range of therapeutic agents,
including antifungal, antiviral, anti-
inflammatory, hormonal, and protein-based
drugs.

cost-effective
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Fig:5 showing ethosome and transethosome structure

Applications of ethosomes

Table :7 applications of ethosomes

Sl.no Active agent Reference
1 Lamivudine [74]
2 Metformin (73]
3 5-aminolevulinic acid [76]
4 5-fluorouracil (771
5 Apixaban [78]

6) Phytosomes

Phytosomes (also known as herbosomes)
are advanced drug delivery systems based on lipids
in which standardised plant extracts or individual
phytoconstituents are complexed with phospholipids
to improve absorption and bioavailability. The drug
is physically entrapped in the phospholipid vesicles
in liposomes, while phytosomes are formed by the
molecular complexation of the phytoconstituent with
phospholipid through hydrogen bonding, thus
enhancing membrane permeability and stability.
Phosphatidylcholine is the most common
phospholipid but phosphatidylserine,
phosphatidylethanolamine and phosphatidylinositol
are also used. Phosphatidylcholine acts as a carrier
and has hepatoprotective and nutritional properties.
Commonly formulated phytoconstituents as
phytosomes are quercetin, kaempferol, catechin,
epicatechin, apigenin, luteolin, diosmin, hyperoside
and ginkgo flavonoids. In phytosomes, the polar
functional groups of phytoconstituents and polar
head of phospholipids interact with each other by
hydrogen bonding. The hydrophobic fatty acid chains
surround the complex to form a lipid compatible
molecular structure. This amphiphilic configuration
facilitates diffusion across biological membranes
such as the intestinal epithelium and stratum
corneum, resulting in enhanced absorption and

improved oral Dbioavailability and therapeutic
efficacy compared to conventional herbal
extract’®. Phytosomes are usually prepared by
reacting phospholipids with standardised plant
extracts in the molar ratio of 0.5:1 to 2:1, with 1:1
being the most commonly used ratio. The solvent is
evaporated under reduced pressure on a rotary
evaporator and the resulting phytosomal complex is
obtained by precipitation, lyophilization or spray
drying. Phytosomes generally possess particle sizes
ranging from 50 nm to several hundred micrometres.
Upon hydration they give rise to micelle or liposome
like vesicular structures. The improved membrane
permeability, stability, balanced hydrophilic-
lipophilic properties and significantly higher
bioavailability compared to traditional herbal
extracts are achieved by these formulations®8!1,

The phytosomes were characterised by determining
their morphology, particle size, drug entrapment, and
molecular interactions. Commonly used techniques
are FTIR, 1 H/ 13 CNMR, DSC and X-ray diffraction
(XRD) to confirm the complex formation and
changes in crystallinity. SEM and TEM are used to
study the surface morphology, and the particle size
and polydispersity are determined by photon
correlation spectroscopy (PCS) or dynamic light
scattering (DLS). Centrifugation and UV-visible
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spectrophotometry or HPLC analysis is used to

estimate the drug entrapment efficiency!®?!.

Advantages of phytosomes!®?!

e Significantly improves the oral and topical
bioavailability of phytoconstituents.

e Enhances membrane  permeability and
gastrointestinal absorption.

e Provides higher drug entrapment efficiency than
conventional herbal formulations.

e Improves chemical and physical stability
through phospholipid complexation.

e  Phosphatidylcholine acts as both a carrier and a
hepatoprotective agent.

e  Suitable for systemic as well as topical delivery
of herbal drugs.

e Improves therapeutic efficacy and patient
compliance.

Limitations of phytosomes®?!

e Mainly applicable to phytoconstituents capable
of forming phospholipid complexes.

e Preparation requires organic solvents and
controlled processing conditions.

e Large scale production may
manufacturing costs.

increase

Phospholipid-flavonoid complex

Fig:6 showing phytosome structure

Applications of Phytosomes

Table :8 applications of phytosomes

Sl.no Active agent Purpose References
1 Silymarin Hepatoprotective 83]
2 Flavonoid (medinilla speciosa blume fruits) | Acne 184]
3 Bergamot essential oil with spironolactone | Acne 83]
4 Rutin Cancer [86]
5 Nutraceutical combination Dyslipidaemia 87]

7) Glycerosomes

Manca et al. introduced modified liposomal
vesicles called glycerosomes to enhance transdermal
and dermal medication administration. They are
composed of phospholipids, cholesterol, glycerol
(usually 10-30% v/v) and water. Glycerosomes are
different from conventional liposomes, in that they
contain glycerol, which increases the bilayer fluidity,
elasticity and deformability, resulting in improved
skin penetration and vesicle stability. Such properties
allow glycerosomes to effectively transport the
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therapeutic agents into deeper skin layers with good
biocompatibility and low toxicity. Glycerosomes are
primarily composed of glycerol which is responsible
for increasing membrane fluidity, deformability,
hydration, and skin permeation so that can pass
through narrow intercellular spaces of stratum
corneum ,phospholipid which may be natural or
synthetic phospholipids, mainly
phosphatidylcholine, cholesterol which improves
membrane rigidity, stability, packing efficiency, and
reduces drug leakage by decreasing membrane
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permeability®.Glycerosomes are typically prepared
by the same methods as conventional liposomes,
including thin film hydration (most common),
solvent evaporation method, sonication, French
pressure cell method, reverse phase evaporation,
detergent removal, double emulsion evaporation,
ether injection, ethanol injection, calcium induced
fusion, micro fluidization, and freeze—thaw method.

General characterization done by evaluating their
particle size and polydispersity index (DLS/PCS),
vesicle morphology (SEM, TEM or Cryo-TEM),
deformation index, entrapment efficiency (dialysis or
centrifugation), in vitro drug release (dialysis
method), skin permeation (Franz diffusion cell),
bilayer fluidity (DSC), and zeta potential to assess
colloidal stability®],

— Cholesterol

— - - - Hydrophilic drug

- = - Glycerol

Fig:7 showing glycerosome structure

Applications of Glycerosomes

Table :9 applications of glycerosomes

Sl.no Active agent Route of delivery Reference
1 Plumbagin Topical [90]
2 Quetiapine fumarate Brain 1]
3 Rifampicin Lungs [%2]

8) Pharmacosomes

It is a vesicular drug delivery system in which the
drug is covalently linked to a lipid carrier.
Pharmacosomes are made up of drug lipid
conjugates, which are amphiphilic in nature and thus
can self-assemble into vesicular structures as against
conventional vesicular systems. This approach
overcomes the limitations of conventional liposomes
and transferosomes such as drug leakage, low
encapsulation efficiency and instability. Drugs
containing active groups, such as carboxyl, hydroxyl,
or amino groups, are covalently conjugated to
phospholipids either directly or through a spacer to
generate  pharmacosomes. These amphiphilic
conjugates enhance the administration, permeability,
stability, and bioavailability of poorly lipophilic and
poorly water-soluble medications by facilitating the
formation of vesicles. Solvent evaporation and ether
injection techniques are the general formulation
techniques of pharmacosomes®3l.

9) Cubosomes

Cubosomes are nanostructured bicontinuous cubic
liquid crystalline particles formed by the self-
assembly of amphiphilic lipids, primarily glycerol
monooleate (GMO) or Phytantriol, in an aqueous
medium and stabilized by polymers such as
poloxamer 407. They may simultaneously
encapsulate  hydrophilic,  hydrophobic, and
amphiphilic medications because of their special
three-dimensional honeycomb like internal structure,
which is made up of two continuous but non-
intersecting water channels divided by a lipid bilayer.
Compared with conventional liposomes, cubosomes
exhibit higher drug loading capacity, superior
physicochemical stability, sustained and controlled
drug release, and enhanced bioavailability®¥. Their
high internal surface area and bicontinuous
architecture make them suitable carriers for oral,
transdermal, ocular, parenteral, and anticancer drug
delivery. Drug release from cubosomes occurs
predominantly by  diffusion  through the
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interconnected aqueous channels and is influenced by
factors such as drug solubility, diffusion coefficient,
partition coefficient, pore size, cubic phase geometry,
PH, temperature, and ionic strength of the release
medium. Owing to their biocompatibility,
biodegradability, thermodynamic stability, and
ability to protect labile therapeutic agents, cubosomes
have emerged as a promising platform for the
delivery of small molecules, proteins, peptides, and
nucleic acids®.

10) Sphingosomes

Sphingosomes are concentric bilayered vesicular
carriers having an aqueous core completely
surrounded by one or more lipid bilayers composed
primarily of natural or synthetic sphingolipids,
particularly sphingomyelin, which is often mixed
with cholesterol. Sphingosomes are structurally
similar to traditional liposomes, but their lipid
content is different because sphingolipids take the
place of phosphatidylcholine. Sphingosomes are
more resistant to hydrolysis and oxidation because
the amide linkage in sphingolipids provides better
chemical stability than the ester linkage in
phospholipids®®!.

Sphingosomes preparation methods include thin-film
hydration (Bangham process), mechanical dispersion
method, and size reduction techniques include
sonication, extrusion, freeze-thaw cycles, and
homogenization. Stable adsorption, endocytosis,
membrane fusion, and lipid transfer are some of the
ways that sphingosomes interact with cell®7].

11) Spanlastics

Spanlastics are highly deformable, non-ionic
surfactant-based elastic vesicles composed primarily
of span surfactants and an edge activator such as
tween. Their superior elasticity enables them to
penetrate biological barriers, particularly the skin and
ocular tissues, resulting in enhanced drug
permeation, improved bioavailability, and efficient
topical, transdermal, and ocular drug delivery®®%,

12) Brijosomes

Brijosomes are non-ionic surfactant-based vesicular
carriers composed mainly of brij® surfactants, with
or without cholesterol. They enhance drug solubility,
stability, and membrane permeation, making them
promising carriers for oral, topical, transdermal, and
ocular drug delivery!'%!

13) Emulsomes
Emulsomes are lipid based nanocarriers consisting of
a solid or semi-solid lipid core surrounded by one or

more phospholipid bilayers. They combine the
characteristics of emulsions and liposomes,
providing high loading capacity for poorly water-
soluble drugs, sustained drug release, improved
stability, and enhanced bioavailability, particularly
for parenteral drug delivery'%!l,

14) Erythrosomes

Erythrosomes are vesicular drug delivery systems
prepared by coating chemically stabilized
erythrocyte (red blood cell) membranes or
cytoskeletons with phospholipid bilayers. They
exhibit excellent biocompatibility, prolonged
circulation time, and enhanced targeting efficiency,
making them suitable carriers for macromolecules,
proteins, enzymes, and anticancer drugs!'%%],

15) Archaeosomes

Archaeosomes are liposomal vesicles composed of
unique ether linked polar lipids derived from archaea.
Owing to their exceptional chemical and thermal
stability, resistance to oxidation and hydrolysis, and
intrinsic immunostimulatory properties,
archacosomes are promising carriers for vaccine
delivery, targeted drug delivery, and controlled
release applications!'%,

16) Ufasomes

Unsaturated fatty acid vesicles, or ufasomes, are tiny,
soap like spheres composed of closed lipid bilayers.
They are mostly made up of long-chain unsaturated
fatty acids (such as oleic acid) and their ionized
species, which create a structure with carboxylic
groups facing the water and hydrophobic tails facing
the interior. Because of their amphiphilic shape they
can encapsulate both hydrophilic and lipophilic
drugs!1%4],

17) Virosomes

Virosomes are  unilamellar,  non-replicating
phospholipid vesicles (60-200 nm) made from parts
of the viral envelope that do not contain any viral
genetic material. They maintain viral fusion proteins,
allowing for the effective administration of
medications, vaccines, and therapeutic agents while
producing potent immune responses and having a
very good safety record!!0>196],

18) Enzymosomes

Enzymosomes are liposomal vesicles that
encapsulate, integrate, or covalently bind therapeutic
enzymes to improve targeted enzyme delivery,
increase stability, and prevent degradation!?”],
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II. CONCLUSION

Lipid based vesicular drug delivery systems
have revolutionized pharmaceutical research by
offering effective solutions to the limitations of
conventional drug delivery. These nanocarriers
enhance drug solubility, stability, bioavailability,
controlled release, and targeted delivery, thereby
improving therapeutic efficacy while minimizing
adverse effects. Continuous advancements have
resulted in the development of a wide range of
vesicular systems, including liposomes, niosomes,
bilosomes, transferosomes, ethosomes,
glycerosomes, phytosomes, and several other
modified carriers, each possessing unique structural
characteristics and therapeutic advantages for
different routes of administration.

Although considerable progress has been
achieved, challenges related to long-term stability,
large-scale manufacturing, regulatory approval, and
clinical translation still need to be addressed.
Nevertheless, ongoing innovations in
nanotechnology, formulation strategies, and surface
engineering are expected to further enhance the
performance and clinical applicability of these
carriers. Overall, novel lipid based vesicular systems
represent a promising platform for the safe, efficient,
and targeted delivery of therapeutic agents and are
anticipated to play an increasingly important role in
the future of personalized and advanced drug
delivery.
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