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ABSTRACT

Conventional topical and transdermal dosage forms often suffer from poor skin penetration, low bioavailability,
frequent dosing, and inadequate patient compliance. These limitations have driven the development of novel drug
delivery systems designed to enhance therapeutic efficacy and safety. Vesicular carriers have gained significant
attention; however, issues such as instability and limited drug permeation remain challenges in many systems.
Glycerosomes, an advanced lipid vesicular system enriched with glycerol, have emerged as a promising alternative
due to their superior flexibility, enhanced hydration effect, and improved skin permeation. This review provides a
comprehensive overview of glycerosomes, including their composition, physicochemical characteristics,
advantages, and limitations. The mechanism of glycerosome-mediated skin penetration is discussed with emphasis
on vesicle deformability and lipid—skin interactions. Additionally, various methods of preparation and key
evaluation parameters such as vesicle size, entrapment efficiency, and in vitro release are highlighted.
Glycerosomes act as promising vesicular carriers for enhancing drug penetration through the skin. Their flexible
structure and glycerol content improve drug retention and permeation, making them suitable for effective topical
and transdermal delivery systems.

KEYWORDS: Glycerosomes, Novel drug delivery systems, Transdermal drug delivery, Skin penetration
enhancement.

INTRODUCTION

In the past, treating acute and chronic diseases mainly
relied on conventional dosage forms. Although these
forms are widely used, they have several limitations.
Conventional drug delivery systems often distribute
drugs non-specifically, leading to systemic side effects.
They also lack control over drug release, which results in
frequent dosing, higher doses, and fluctuating drug levels
in the body. Another major drawback is poor
bioavailability, especially for drugs that have low
solubility or stability.

To address these issues, the pharmaceutical industry has
shifted its focus to developing novel drug delivery
systems (NDDS). These systems aim to boost drug
bioavailability, control the rate and site of drug release,
and cut down dosing frequency and side effects. Novel
drug delivery systems improve patient compliance,

treatment effectiveness, and safety by delivering the drug
in a controlled and sustained way. Thus, NDDS offer a
better approach to enhance the performance of existing
drugs when compared to conventional dosage forms.!!

Among the various novel vesicular drug delivery systems
created to tackle the limitations of conventional dosage
forms, glycerosomes have gained significant attention.
They enhance drug penetration, improve bioavailability,
provide controlled drug release, and reduce systemic side
effects, particularly in topical and transdermal drug
delivery.?

GLYCEROSOMES

Glycerosomes are bilayer vesicles used for delivering
medications through the skin. They enable for
transdermal medication administration. These vesicles
differ from conventional liposomes in their bilayer
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fluidity. Glycerosomes are prepared using phospholipids
and glycerol in concentrations of 10, 20, and 30% v/v,
and an increase in glycerol concentration results in
significantly improved physical stability.®! Their name
comes from their high glycerol content." These vesicles
effectively deliver active ingredients to the skin.
Glycerosomes are more. stable and have greater fluidity
than liposomes, making them mainly used for topical
drug delivery.”! Glycerol improves the deformability of
liposomal bilayers, which helps with skin penetration.®

Glycerol acts as a penetration enhancer and edge
activator. Recently, these glycerosomes have shown
potential in various therapeutic areas, including skin
disorders as well as inflammatory and infectious
diseases. Their capability to encapsulate both hydrophilic
and hydrophobic drugs makes glycerosomes a promising
method for drug delivery.[®
Hydrophobic tail pointing inward

Phospholipid bilayer forming
outer shell of Glycerosome

Hydrophilic
heads

" Hydrophilic part
Hydrophobic part Glycerol + Water

Fig. 1: Structure of Glycerosome.

COMPOSITION

Structure of glycerol

Glycerol is a thick liquid that functions as an alcohol. It
contains three hydroxyl groups, which give it hydrophilic
characteristics. As a component of triglycerides, glycerol
can be found in both animal fats and vegetable oils. It
can be produced during the soap-making process or
generated as a by-product in biodiesel production. In
pharmaceuticals, it serves various roles such as a
lubricant, humectant, edge activator, and emulsifying
agent.

Phospholipids

Phospholipids: Both natural and synthetic phospholipids
can be used to create glycerosomes, similar to traditional
liposomes.! There is a wide variety of phospholipids due
to wvariations in their hydrophilic head groups,
hydrophobic tails. In addition to being amphiphilic, they
are also compatible with nearly all ingredients. When
placed in water, phospholipids organize into various
shapes. The process of self-assembly in a hydration
medium is influenced by the specific characteristics of
the phospholipids. Various types of phospholipids are
categorized based on differences in their backbone

structures and the types of alcohol moieties they
contain.™%

TYPES OF PHOSPHOLIPIDS

Glycerophospholipids

Glycerophospholipids come from eukaryotes. Glycerol is
the main part of these lipids. Changes in the hydrophilic
head group lead to the formation of cardiolipin,
phosphatidylcholine, phosphatidylserine, and others.
Changes in the acyl chains result in dipalmitoyl
phosphatidylcholine and dimyristoyl
phosphatidylcholine.

Sphingomyelins

These phospholipids come from animal cell walls. They
differ from glycerophospholipids because they have a
sphingosine backbone, while glycerophospholipids have
a glycerol backbone. They not only have different
chemical structures but also differ in the number of
groups in their acyl chains. Sphingophospholipids are
asymmetric,  whereas  glycerophospholipids  are
symmetric. Naturally occurring sphingomyelins have
over 20 acyl groups, while paraffin residues have fewer
groups. This is why they are called asymmetric. In
phosphatidylcholine, which is a glycerophospholipid, the
chain lengths are equal, making them symmetric
molecules.

Properties of phospholipids to form glycerosomes
Phospholipids need to be able to create vesicles that can
encapsulate pharmaceutical components while remaining
safe for use. These phospholipids should lead to the
formation of wvesicles that are biodegradable.
Additionally, the phospholipids must produce vesicles
that can work well with other ingredients in the
formulation.™™”!

Cholesterol

The cell membrane of animals predominantly consists of
cholesterol, which is known to influence various
membrane characteristics. The rigidity, thickness,
stability, and fluidity of cell membranes are affected by
cholesterol in various ways.™ In glycerosomes,
cholesterol is added to improve stability. Due to its
hydrophobic properties, cholesterol primarily interacts
with the inner cavity of liposomes, contributing to their
stability."? It has been observed that the maximum
amount of cholesterol that can be incorporated into
vesicular systems is 50 mol percent. The optimal lipid to
cholesterol ratio for creating effective liposomes has
been noted to be 2:1. However, the explanation for this
specific ratio remains unclear.!**%!

The impact of adding cholesterol to vesicular structures
has been extensively researched, leading scientists to
determine that cholesterol has several functions.™ It
renders the membrane resistant to water and electrolytes,
making it essential for liposome development.* It
enhances the organization and packing effectiveness of
lipid bilayers.™® It facilitates the disaggregation of lipid
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vesicles.™ Additionally, it increases the stiffness of lipid
bilayers by altering the fluidity of the vesicles.’?”

Nature of drugs encapsulated

Both hydrophilic and lipophilic pharmaceuticals can be
encapsulated  in  glycerosomes.**#  Hydrophilic
medications are contained in the aqueous core of these
vesicular structures, while lipophilic compounds are
housed within the phospholipid tails. The thin film
hydration method is commonly employed for
encapsulating hydrophilic substances. Although this
technique is advantageous for the incorporation of water-
loving drugs, it results in reduced encapsulation
efficiency.””! Drugs with intermediate log P values are
positioned between the water-soluble and lipid-soluble
regions.® These vesicular systems facilitate targeted
drug delivery without leading to the degradation of the
active compound.!
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MECHANISM OF SKIN PERMEATION
Glycerosomes, a novel type of nanovesicle that includes
glycerol in their composition, offer distinct benefits for
drug delivery via multiple routes. These benefits
encompass improved drug stability, solubility, and
permeation, all of which are essential for enhancing
therapeutic results. In the context of dermal and
transdermal drug delivery, glycerosomes greatly improve
the ability of drugs to penetrate the skin. Glycerol, an
important ingredient, serves as a humectant, boosting the
hydration of the stratum corneum. This increased
hydration makes the skin more pliable and lessens its
barrier properties, thus aiding drug penetration.*?
Moreover, the addition of glycerol to the lipid bilayer of
glycerosomes enhances membrane fluidity. This
increased  fluidity encourages the merging of
glycerosomes with the lipid matrix of the stratum
corneum, enabling deeper drug absorption. In addition,
glycerosomes have the capability to merge with the
skin's lipid layers, releasing the drug straight into the
deeper layers of the epidermis and dermis.!?%4"]

Trans-appendageal
transport

Sweat glands

Hair Follicle

Fig. 2: Skin Permeation Mechanism of Glycerosome.

ADVANTAGES OF GLYCEROSOMES

e They provide a safe and non-toxic method for
topical drug delivery.

e The creation of glycerosomes does not require
specific transition temperatures.

e They can form at room temperatures (25 or 30°C),
unlike conventional liposomes.

e  Glycerosomes act as edge activators and penetration
enhancers, facilitating drug absorption into the
stratum corneum and deeper skin layers.?®

e Due to the viscous nature of glycerol, glycerosomes
distribute evenly across the skin, preventing leakage

of the active pharmaceutical ingredient, which is a
limitation of traditional liposomes.?’)

e Additionally, glycerosomes improve the plasticity of
the skin layers, reducing barriers to transdermal drug
delivery and increasing the moisture content of the
stratum corneum. %

e Glycerosomes can change the configuration of
hydrophilic phospholipid chains and influence how
other vesicles in the system interact with each other.
This is possible because glycerosomes have the
capacity to modify the dielectric constant of the
system.B! These vesicles are unique in that they can
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serve both as elastic materials and as enhancers of

penetration.%%%

DISADVANTAGES OF GLYCEROSOMES

e Glycerol increases particle size and slows down
drug release in vesicles.™

e The thickness of glycerosomes may extend the time
it takes for vesicles to move from the formulation to
the skin's surface, but it also improves stability.*"

-
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METHODS OF
GLYCEROSOMES
1. Thin Film Hydration Method/ Lipid Hydration
Method

The phospholipid dissolves in an organic solvent and
dries to form a thin film. Next, this thin film is hydrated
by mixing it with an aqueous phase, which is a mixture
of water and glycerol. The prepared dispersion is then
sonicated using a high-intensity ultrasonic sonicator. This
method produces a formulation with  higher
encapsulation efficiency and improved physical
characteristics, such as a spherical shape and smooth
texture, compared to other methods. 2]
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Fig. 3: Thin film hydration method.

2. Reverse-phase Evaporation Method

In this method, a specific amount of cholesterol and
phospholipid is dissolved in a mixture of methanol and
chloroform (3:1, v/v). Meanwhile, the drug is dissolved
in a mix of glycerol and water. Both phases, the aqueous
and organic, are combined in a ratio of 1:3 to create a
uniform emulsion using a bath sonicator. A rotary
evaporator recovers the organic solvent. This method has
a unique advantage for trapping valuable hydrophilic
substances like drugs, proteins, and nucleic acids.[?***!

3. Solvent spherule method

Phospholipids are mixed with an organic solvent and
then dissolved in water using the solvent spherule
process. Spherules of lipids with organic solvents (o/w
emulsion) are created by vortexing or stirring this
mixture for one hour under low vacuum. In a water bath,

Organic solvent
contain the
dissolved lipid

The temperature of the
process can be adjusted

the spherules undergo controlled evaporation to remove
the organic solvents and produce MLVs. 1283

4. Solvent injections method, ether injection method
This technique involves dissolving lipids in a diethyl
ether and ether methanol mixture. Next, the solution is
injected into a heated aqueous solution containing the
substance that needs to be encapsulated. It is essential to
keep the heated aqueous phase above the boiling point of
ether. During encapsulation, the temperature is typically
maintained between 55 and 65°. The injection should
happen slowly rather than quickly. Ether evaporates
when it comes into contact with the heated aqueous
phase, leading to the formation of unilamellar vesicles.
This method has drawbacks, including the limited yield
of heterogeneous liposomes and the exposure of the
chemicals being encanuIated to organic solvents and
high temperatures. ¢

Al
%\\\

Fig. 4: Ether injection method.
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5. Ethanol injection method

Batzri and Korn first explained the ethanol injection
technique in 1976. This method involves dissolving lipid
in ethanol and pushing it through a small opening, which
may be a syringe, into a large amount of water. When
injecting an ethanolic lipid solution into water, the speed
should ensure the two mix completely. For phospholipids
to disperse in water and for ethanol to dilute right away

lipid solution dissolved in ether into water, tiny
liposomes smaller than 100 nm can form without
needing sonication or extrusion. It also produces diluted
and uniform liposomes. However, the limitation caused
by lipid solubility in ethanol restricts the amount of
ethanol that can mix with water, which consequently
limits the lipid that can dissolve in ethanol. This is one
drawback of the ethanol injection method. Although

in the hydration medium, they must combine well. The dialysis can remove it, ethanol remains in the
main advantage of this technique is that by injecting a  liposomes.[?3%%
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Fig. 5: Ethanol injection method.

6. Detergent removal
method
The detergent removal, or detergent dialysis, method is
commonly used to encapsulate proteins and other
biological molecules. In this process, phospholipids are
first dissolved in detergents, and then the detergent is
carefully removed to form vesicles. Researchers often
use non-ionic, anionic, or cationic detergents with high
critical micelle concentration (CMOQ). Gel
chromatography or Lipoprep systems are typically used
to remove the detergent. This approach helps create
uniform vesicles that replicate efficiently. Alpes et al.
studied alkyl maltosides as detergents in this method and
found that the speed of detergent removal mainly
depends on the dialysis membrane’s permeability and the
detergent’s CMC. They also observed that the length of
the alkyl chain affects the CMC, and identified decyl
maltoside as a good choice because it is removed quickly
and supports effective vesicle formation. 25

method/detergent dialysis

7. Double emulsion evaporation

This technique creates a double emulsion of the type
W1/O/W?2. There are an inner and an exterior aqueous
phase to it. Individual oil globules are scattered across
the outer phase, while tiny droplets within each outer
aqueous phase oil globule represent the inner aqueous
phase. The following steps make up the double emulsion
evaporation process The drug's aqueous phase is
introduced to an organic solvent that contains lipids after

being dissolved in water. This creates a water-in-oil
emulsion, which is subsequently homogenized
appropriately to create the primary emulsion (W1/0).
Double emulsion is created when the primary emulsion
is mixed with an outer aqueous phase that contains
stabilizer.[8*

8. Calcium-induced fusion method

This process creates LUVs by fusing SUVs with calcium
(Ca2+). Large planar lamellae are created during fusion,
and these eventually develop into cochleate cylinders. To
create LUVSs, these are further combined with EDTA and
undergo additional transformation. EDTA keeps the
membrane fluid and aids in the restoration of negative
charge.[?8%1

9. Microfluidization method

This technique uses a microfluidizer to produce
liposomes with a high aqueous volume continuously and
on a big scale. According to Mayhew et al., liposomes
made with a microfluidizer had characteristics similar to
those of tiny extruded multilamellar liposomes.
Microfluidized liposomes had a more consistent size
distribution and were smaller than traditional
multilamellar liposomes. This procedure involves
pumping an aqueous lipid suspension through filters,
usually with pore sizes of 5 um, at high pressure after it
has been added to a reservoir. After entering an
interaction chamber, the suspension is split into two
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streams that encounter in microchannels at extremely
high speeds. Following the production of liposomes as a
result of this intensive contact, the outflow is gathered
and examined. 833

10. Freeze-thaw method

The freeze-thaw method utilizes the process of freezing
and thawing. The freeze-thaw approach can be applied to
phospholipids that are crude in nature or to mixes of
charged phospholipids, that is, phospholipids that exhibit
both positive and negative charge. Small unilamellar
liposomes are quickly frozen and then thawed. After that,
they are sonicated to produce LUVs. As a result of this
process, bilayers of SUVs fuse together during freezing
and thawing, forming LUVSs. By using this technique, the
synthesis of liposomes is decreased by higher liposome

concentration or increased ionic strength. 1%
EVALUATION PARAMETERS OF
GLYCEROSOMES

1. Particle size analysis

A Zetasizer can examine the polydispersity index (PI)
and particle size of glycerosome preparation. This
method is called photon correlation spectroscopy or
dynamic laser light scattering. For this, a Malvern
Zetasizer is typically used.*%~]

2. Vesicle formation

SEM  (scanning  electron  microscopy), TEM
(transmission electron microscopy), and cryo-TEM are
used to confirm vesicle formation. The materials are first
stained with 1% phosphotungstic acid in TEM before
being examined with an electron microscope. Cryo-TEM
works by coating the samples on a carbon rod and
immersing it in ethane at its melting temperature. The
TEM is then used for investigation.%28=!

3. Determination of deformation index

This involves creating glycerosomal preparations that
can pass through a membrane extruder with a specific
pore size and using an extruder at a certain pressure. The
membrane holes must be smaller than the average
phospholipid vesicle size. Flexible vesicles that can
easily flow through skin pores are necessary for
penetration into the skin. Glycerol is thought to form
these types of vesicles, so the deformation index is
calculated to see if glycerol can create vesicles that can
change shape.*%83!

4. Determination of entrapment efficiency (%0)

Entrapment efficiency (EE) of glycerosomes is
commonly determined by the indirect centrifugation
method. In this procedure, a known amount of drug-
loaded glycerosomal suspension is centrifuged at high
speed to separate the vesicles (pellet) from the free,
unentrapped drug (supernatant). The concentration of
free drug in the supernatant is measured using a UV-
Visible spectrophotometer at the drug’s Amax. 3%

The percentage entrapment efficiency is then calculated
using the formula.
%EE= (Total Drug—Free Drug)/ Total Drug x100

5. Determination of penetration

This evaluation measures how well glycerosomes
penetrate the epidermal layer. This can be done ex vivo
and helps determine how well drugs pass through the
epidermis. It is conducted using a Franz diffusion cell.
Animal skin is positioned with the stratum corneum
facing the donor side between the donor and receptor
compartments.  After applying the glycerosome
preparations to the skin at specific intervals, the medium
collected in the receptor compartment is removed and
replaced with new medium. It is analyzed for drug
content using an appropriate method like HPLC or UV.
Once all samples have been delivered, the skin is
removed from the Franz diffusion cell. The layers are
sonicated after separating the epidermis from the dermis,
and then the drug concentration is measured.**%=

6. Determination of drug release in vitro

In-vitro drug release using the Franz diffusion cell is a
standard method to evaluate how a drug diffuses from a
topical glycerosomal formulation. The apparatus consists
of two compartments separated by a membrane
(synthetic membrane or animal skin). The glycerosomal
gel or dispersion is placed in the donor compartment,
while the receptor compartment is filled with a suitable
and maintained at 37 £ 0.5 °C with continuous stirring to
simulate body conditions. At predetermined time
intervals, samples are withdrawn from the receptor
medium and replaced with fresh buffer to maintain sink
conditions. The collected samples are analyzed using a
UV-Visible spectrophotometer at the drug’s Amax, and
the cumulative percentage drug release is calculated and
plotted against time to determine the release
profile.[33283]

7. Determination of fluidity

Lipid bilayer fluidity is assessed by differential scanning
calorimetry (DSC) studies. This method helps determine
the transition temperature of the phospholipids. Some
reports indicate that the transition temperature shows
how they interact with other substances. Adding glycerol
changes the transition temperature, supporting the idea
that glycerosomes are more fluid.*?¢°!

8. Determination of stability

Using a Zetasizer to measure the zeta potential provides
insight into the stability of the preparation and the
charges present on the surface of glycerosomes due to
the addition of charged species in the formulation. When
the zeta potential is negative, the formulation is more
stable.[332831

CONCLUSION

Glycerosomes have been discovered as incredibly
valuable carrier system for regulated and targeted
medication delivery. Vesicles' great flexibility and
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deformability allow them to be used for drug delivery by
any mode of administration and for any medication,
regardless of its solubility. Glycerosomes can be
manufactured by several methods in which the most
popular approach employed for therapeutic is lipid thin
film hydration process. Additionally, it has been
demonstrated that this technology can triple a
medication's effectiveness. The usage of glycerosomes in
the delivery of bioactive are promising and are sure to
undergo additional improvements in future.

CONFLICT OF INTEREST
Nil.

ACKNOWLEDGEMENT
Nil.

REFERENCES

1. Laffleur F, Keckeis V. Advances in drug delivery
systems: Work in progress still needed? Int J Pharm,
2020; 590(1): 119912.

2. Bhowmik D, Gopinath H, Kumar BP, Duraivel S,
Sampath Kumar KP. Recent advances in novel
topical drug delivery system. Pharma Innov, 2012;
1(9): 12-31.

3. Manca ML, Zarub M, Manconi M, Lai F, Valenti D,
Sinico C, et al., Glycerosomes: A new tool for
effective dermal and transdermal drug delivery. Int J
Pharm, 2013; 455(1): 66-74.

4. Zaru M, Manca ML, Fadda AM, Orsini G,
inventors; Prigen S.R.L., assignee. Glycerosomes
and use thereof in pharmaceutical and cosmetic
preparations for topical applications. United States
patent US 8,778,367 B2, 2014 Jul 15.

5. Ashtiani HRM, Bishe P, Lashgari NA,
Nilforoushzadeh MA, Zare S. Liposomes in
cosmetics. J Skin Stem Cell, 2016; 3(1): 1-6.

6. Zhang K, Zhang Y, Li Z, Li N, Feng N. Essential
oil-mediated glycerosomes increase transdermal
paeoniflorin delivery: optimization, characterization,
and evaluation in vitro and in vivo. Int J Nanomed,
2017; 12(1): 3521-32.

7. Manca ML, Manconi M, Zaru M. Glycerosomes:
Investigation of role of 1,2-dimyristoyl-sn-glycero-
3-phosphatidycholine (DMPC) on the assembling
and skin delivery performances. Int J Pharm, 2017;
532(1): 401-7.

8. Akombaetwa N, llangala AB, Thom L, Memvanga
PB, Witika BA, Buya AB. Current advances in lipid
nanosystems intended for topical and transdermal
drug delivery applications. Pharmaceut, 2023; 15(2):
656-7.

9. Quispe CAG, Coronado CJR, Carvalho JA Jr.
Glycerol: ~ Production,  consumption,  prices,
characterization and new trends in combustion.
Renew Sustain Energy Rev, 2013; 27: 475-93.

10. LiJing, Xuling W, Ting Z, Chunling W, Zhenjun H,
Xiang L, et al. A review on phospholipids and their
main applications in drug delivery systems. Asian J
Pharm Sci 2015; 10(1): 81-98.

11. Kaddah S, Khreich N, Kaddah F, Charcosset C,
Greige-Gerges H. Cholesterol modulates the
liposome membrane fluidity and permeability for a
hydrophilic molecule. Food Chem Toxicol, 2018;
113(1): 40-8.

12. Bozzuto G, Molinari A. Liposomes as nanomedical
devices. Int J Nanomed 2015; 10(1): 975-99.

13. Briuglia ML, Rotella C, McFarlane A, Lamprou
DA. Influence of cholesterol on liposome stability
and on in vitro drug release. Drug Deliv and Transl
Res, 2015; 5(1): 231-42.

14. Needham D, Nunn RS. Elastic deformation and
failure of lipid bilayer membranes containing
cholesterol. Biophys J., 1990; 58(1): 997-1009.

15. Gregoriadis G, Davis C. Stability of liposomes in
vivo and in vitro is promoted by their cholesterol
content in the presence of blood cells. Biochim
Biophys Res Commun, 1979; 89(1): 1287-93.

16. Kirby C, Gregoriadis G. Effect of the cholesterol
content of small unilamellar liposomes on their
stability in vivo and in vitro. Biochem J., 1980;
186(1): 591-8.

17. Papahadjopoulos D, Jacobson K, Nir S, lIsac T.
Phase transitions in  phospholipid  vesicles.
Fluorescence  polarization and  permeability
measurements concerning the effect of temperature
and cholesterol. Biochim Biophys Acta Biomembr,
1973; 311(1): 330-48.

18. Demel RA, De Kruyff B. The function of sterols in
membranes. Biochim Biophys Acta Biomembr,
1976; 457(1): 109-32.

19. Wei T, Zhang L, Zhang Y. Cholesterol distribution
in small unilamellar vesicles. J Phys Chem B, 2022;
126(37): 7135-42.

20. Liu Dz, Chen WY, Tasi LM, Yang SP.
Microcalorimetric and shear studies on the effects of
cholesterol on the physical stability of lipid vesicles.
Colloids Surf A Physicochem Eng Asp, 2000;
172(1): 57-67.

21. V.P. Torchilin, Recent advances with liposomes as
pharmaceutical carriers. Nat Rev Drug Discov,
2005; 4(1): 145-60.

22. Eloya JO, Souzaa CDM, Petrilli R, Barcellos JPA,
Lee RJ, Marchetti JM. Liposomes as carriers of
hydrophilic small molecule drugs: strategies to
enhance encapsulation and delivery. Colloids Surf B
Biointerfaces, 2014; 1(1): 345-63.

23. Akbarzadeh A, Sadabady RR, Soodabeh D, Joo SW,
Zarghami N, Hanifehpour Y, et al.,, Liposome:

classification,  preparation, and applications.
Nanoscale Res Lett, 2013; 8(1): 1-9.
24. Immordino ML, Dosio F, Cattel L. Stealth

liposomes: review of the basic science, rationale,
and clinical applications, existing and potential. Int J
Nanomedicine, 2006; 1(3): 297-315.

25. Zhu C, Zhang Y, Wu T, He Z, Guo T, Feng N.
Optimizing glycerosome formulations via an
orthogonal experimental design to enhance
transdermal triptolide delivery. Acta Pharm 2022;
72(1): 135-46.

www.ejpmrcom | Vol 13, Issue 5, 2026. |

ISO 9001:2015 Certified Journal | 22




Soundarya et al. European Journal of Pharmaceutical and Medical Research

26. Maan S, Khar RK, Mazumder R, Yadav N, Khan
UA. Stealth liposomes: review of the basic science,
rationale, and clinical applications, existing and
potential. J Young Pharm, 2022; 14(3): 295-301.

27. Zaki RM, Alfadhel MM, Alossaimi MA. Central
composite optimization of glycerosomes for the
enhanced oral bioavailability and brain delivery of
quetiapine fumarate. Pharmaceut 2022; 15(8):
940-51.

28. Gupta P, Mazumder R, Padhi S. Glycerosomes:
advanced liposomal drug delivery system. Indian J
Pharm Sci, 2020; 82(3): 385-97.

29. Oku N, Macdonald RC. Formation of giant
liposomes from lipids in chaotropic ion solutions.
Biochim Biophys Acta Biomembr, 1983; 734(1):
54-61.

30. Nounou MI, El-Khordagui LK, Khalafallah NA,
Khalil SA. Liposomal formulation for dermal and
transdermal drug delivery: past, present and future.
Recent Pat Drug Deliv Formul, 2008; 2(1): 9-18.

31. Vitonyte J, Manca ML, Caddeo C, Valenti D, Peris
JE, Usach I et al., Bifunctional viscous nanovesicles
co-loaded with resveratrol and gallic acid for skin
protection against microbial and oxidative injuries.
Eur J Pharm Biopharm, 2017; 114(1): 278-87.

32. Barichello JM, Yamakawa N, Kisyuku M, Handa H,
Shibata T, Ishida T, et al., Combined effect of
liposomalization and addition of glycerol on the
transdermal delivery of isosorbide 5-nitrate in rat
skin. Int J Pharm, 2008; 357(1): 199-205.

33. Gotpagar SS, Hosmani AH, Gonjari ID, Potdar SV,
Gaikwad BS, Momin SJ, et al, A review:
formulation and evaluation of glycerosomes of anti-
fungal drug. Int J Pharm Sci, 2025; 3(1): 2418-29.

www.ejpmrcom | Vol 13, Issue 5, 2026. | 150 9001:2015 Certified Journal | 23




