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ABSTRACT

Transferosomes are elastic substances that can bend their structure and squeeze themselves through narrow
pores smaller than their size, making them an effective drug delivery mechanism for poorly soluble
medicines. They are ultra-deformable vesicles with a hydrophilic core in the center and a lipid bilayer around
them. To address the challenges with conventional oral drug delivery, alternative formulations of
transferosomes have been created employing non-ionic surfactants such Span 80, Span 20, soya lecithin,
Carbopol 940, and Tween 80 by rotary film evaporation and Vortexing/sonication processes.This carrier
system has piqued the interest of pharmaceutical researchers because it improves patient acceptability and
reduces side effects associated with the traditional oral route by avoiding first-pass metabolism, thereby
improving the physiological and pharmacological response through consistent drug levels. This review covers
the structure, benefits and drawbacks of formulation materials, formulation procedures, evaluation techniques,
and applications, as well as patents published in the literature.
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INTRODUCTION

Contrasting to traditional techniques like injection and oral delivery, topical drug delivery systems (TDDS)
have several potential benefits [1]. The skin's permeability, which makes it highly impenetrable to hydrophilic
and macromolecules and permeable to small molecules and lipophilic medicines, is the main drawback of
TDDS. The stratum corneum (SC), the skin's outermost layer, serves as the primary barrier and rate-limiting
step for drug diffusion over the skin [2].

Because it makes drug distribution simple, transdermal delivery is a desirable strategy. One of the main issues
with dermal and transdermal drug delivery methods are the permeability of the stratum corneum. Made up of
flattened, keratinized epidermal cells, the stratum corneum is the outermost layer of the epidermis. Chemical
transfer is hampered by water-tight cells with a strong, flexible membrane, making this mode of
administration inadequate for therapeutic use. Techniques including electrophoresis, sonophoresis, and
iontophoresis have been researched and developed to address these problems. Colloidal carriers include non-
ionic surfactant vesicles like proniosomes and niosomes [3].

The word "transferosomes™ combines a Latin and Greek word. The Latin term "transfere" means "carry
across,” whereas the Greek word "soma" means "body." Therefore, "carrying body" is the meaning of the
term "transferosomes."[4]. Phospholipids such as phosphatidylcholine, which self-assemble into a lipid
bilayer in an aqueous environment and close to form a vesicle, make up the majority of these unique liposome
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types [5]. By squeezing themselves, it gets past the skin layer's barrier to penetration. The vesicle is self-
regulating and self-optimizing due to the interdependence of the bilayer's structure and local composition [6].
Both low and high molecular weight medications can be delivered transdermally using transferosomes [7].
Transferosomes are highly flexible, specially engineered lipid supra molecular aggregates that may pass
through intact mammalian skin to serve as a drug carrier for targeted, non-invasive drug delivery and long-
term release of medicinal substances [8]. Because "edge activators” are incorporated into the vesicular
membrane, each transferosome has at least one inner aqueous compartment that is encircled by a lipid bilayer
with unique characteristics. As edge activators, surfactants such sodium cholate, sodium deoxycholate, span
80, and Tween 80 have been employed [9].

Drugs applied topically, usually as patches or semisolids, are referred to as transdermal drug delivery systems.
To transport the medication to the systemic circulation at a regulated rate, these formulations are applied to
the skin that is still intact. Recent years have seen the emergence of a number of sophisticated Transdermal
Drug distribution Systems (TDDS), which hold promise for the rate-controlled distribution of different
medications [10].

These devices are made specially to guarantee a steady and regulated delivery of medications into the
bloodstream through the skin. Through more accurate administration, the transdermal delivery method has the
potential to improve medication safety and therapeutic efficacy [10].

Numerous illnesses, including those of the skin, eyes, brain, etc., have been treated by transferosomes [11].
For instance, according to published research, chemotherapy, which is often administered to address
infections within cells, is less effective in treating cancer due to its incapacity to penetrate cells. As a result,
new carriers that could enter cells deeply, such transferosomes, were developed [12].

Structure of transferosomes

A transferosome is a synthetic vesicle that mimics the properties of a cell vesicle or an exocytosing cell,
making it appropriate for targeted and regulated drug delivery. Complex vesicles known as transferosomes
feature a membrane that is incredibly flexible and self-regulating, allowing for deformation [13].
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Figurel: Structure of Transferosomes

Composition of Transferosomes

Phospholipids such as phosphatidylcholine, which self-assemble into a lipid bilayer in an aqueous
environment and form a vesicle, make up transferosomes. Additionally, it has an edge activator made of a
single-chain surfactant that destabilizes the lipid bilayer, increasing its elasticity and fluidity as shown in
Figure 1.

Sodium cholates, sodium deoxycholate, tweens, and spans {tween 20, tween 60, tween 80, span 60, span 65,
span 80} dipotassium glycyrrhizinate are the most often utilized surfactants in transferosomes as shown in
table no.1 [14]. The physicochemical characteristics of vesicles, such as their zeta potential, entrapment
efficiency and vesicle size, are influenced by the kind and proportion of various edge activators [15].
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Table No.1: Different types of additives used in the formulation of transferosomes [16,17]

CLASS EXAMPLES USES
e Egg Phosphatidylcholine Vesicles forming complex
Phospholipids e Choline Soya
Phosphatidylcholine
e Dipalmitoyl
phosphatidylcholine
e Sodium cholate Vesicles foaming components
Surfactants e Sodium deoxycholate (edge activators)
e Span 80
e Tween 80
e Ethanol Used as a solvent
Solvents e Alcohol
e Chloroform
Buffering agents | e  Saline phosphate buffer (pH Used as a hydrating medium
6.4)
e Phosphate buffer (pH 7.4)
Dyes e Rhodamine -123 Rhodamine For confocal scanning laser
DHPE microscopy.
e Nilered

Mechanism of transferosomes

Another form of lipid-based vesicular system used for medication transport, especially percutaneous injection,
is called a transferosome. They are made by hydrating a lipid film and then using high-speed homogenization
procedures to produce stable nanoparticle dispersion [18].

Transferosomes carry drugs either intracellularly or transcellularly into the stratum corneum. The "osmotic
gradient or transdermal gradient” is the main mechanism by which transferosomes penetrate the skin, where
the colloidal particles that comprise the vesicles form an amphiphilic bilayer [21]. While hydrophobic
pharmaceuticals are confined in the lipid bilayer, hydrophilic drugs are often transported by vesicular drug
delivery mechanisms in the interior aqueous compartment as shown in Figure 2(A) [22].

However, because therapeutic agent carrier vesicles are more deformable and may attach to the tissue layer's
flexibility and integrity, they make it easier for the transferosome to pass through the skin, which makes the
transferosomes extremely flexible and self-optimizing [23].

The medication is integrated into the Transferosomes lipid matrix, which can enhance the drug's
encapsulation, stability, and solubility [19]. The diffusion mechanism, which is controlled by the drug's
concentration, the characteristics of the lipid matrix, and the external environment, controls the drug's release
from the transferosomes [18].
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Figure 2: Mechanism of Transferosome’s penetration includes A} deformation and subsequent
reformation facilitating penetration and, B} tendency of transferosomes to seek moisture aiding their
permeation

Transferosomes can improve drug absorption by profoundly penetrating mucosal layers. The transferosomes
elastic and flexible membrane is thought to be the cause of this penetration [19].Drug distribution via
transferosomes can occur both transdermally and dermally as shown in Figure 2 (B) The medicine may be
able to pass through the skin more easily thanks to the interaction between the lipids in the transferosomes and
the lipid layer of the skin [20].

Advantages of Transferosomes

+¢+ Drug molecules with a variety of solubilities can be accommodated by transferosomes because they hold a
structure made up of hydrophilic and hydrophobic parts together. Transferosomes have the ability to distort
or squeeze through small spaces five to ten times.

This tailored drug delivery technology also allows for self-administration [26].

Additionally, medicines with a limited therapeutic window can be employed with transferosomes [27].

++ They need to make the bioavailability better.

¢+ When it comes to lipophilic drugs, transferosomes have an entrapment efficiency of around 90% [28].

X/ X/
LR X4

Disadvantages of Transferosomes

¢ Transferosomes are costly to create and chemically unstable due to their susceptibility to oxidative
destruction [31].

¢+ Another factor working against the use of transferosomes as drug delivery vehicles is the purity of natural
phospholipids [32, 33].

+¢+ Transferosomes might not be appropriate for all drug kinds and might have a restricted capacity for drug
loading [34].

¢ It provides hydrophilic skin structures with progressive therapeutic advantages [35].

«¢ It is not suitable for high drug dosages and neither practical nor advantageous for less strong medications
[36].

+¢+ The inability to get pure phospholipids and the high formulation costs brought on by the need for pricey
raw materials and equipment [37].
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Apply on skin

As phospholipid vesicles, transferosomes are useful for transdermal medication administration. Because of
their incredibly flexible and self-optimized membrane properties, they can deliver the medication through or
into the skin with high efficiency and repeatability, depending on the application or mode of administration.

The internal sealing lipid of the stratum corneum enables transferosomes to evade epidermal penetration
barriers. Because of the high vesicle deformability that permits entry in response to external mechanical stress
in a self-adapting way, these are typical of transferosomes.

The proper ratio of phospholipids to surface-active components regulates the flexibility of transferosome
membranes. The flexibility of the transferosome membrane that results from non-occlusive application lessens
the chance of a complete vesicle rupture in the skin and allows transferosomes to follow the natural water
gradient across the epidermis [38].

Through two distinct internal lipid routes, each with distinct bi-layer properties, transferosomes can
spontaneously penetrate the entire stratum corneum as shown in Figure 3 .Vesicular systems have garnered
increasing attention since Bangham's discovery of liposomes in 1963. The low penetration value of
conventional liposomes has lately come to light, nevertheless.

Transferosomes
(ultradeformation vesicesO
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Figure 3: Distortion of Transferosomes into skin pores

Confocal microscopy research indicates that intact liposomes do not penetrate into the granular layer of the
epidermis, but remain on the uppermost layer of the stratum corneum. Modifying the vesicular composition or
surface properties can change the rate of drug release and its deposition at the target site [39].

Skin

The skin, the heaviest single organ of the body combines with the mucosal linings of the respiratory, digestive
and urinogenital tracts to form a capsule which separates the internal body structures from the external
environment. [Hofland H et al.2016] The skin is the largest organ in the human body. For the average adult
human, the skin has a surface area of between 1.5-2.0 square metres. The thickness of the skin varies
considerably over all parts of the body, and between men and women and the young and the old. An example
is the skin on average 1.3 mm in the male and 1.26 mm in the female. The average square inch (6.5 cm?) of
skin holds 650 sweat glands, 20 blood vessels, 60,000 melanocytes, and more than 1,000 nerve endings. The
average human skin cell is about 30 micrometers in diameter, but there are variants. A skin cell usually ranges
from 25-40 micrometers (squared), depending on a variety of factors.

Microscopically, skin is multilayered organ composed of many histological layers. It is generally described in
terms of three major layers — the epidermis, dermis and the hypodermis. Microscopic section of epidermis
shows 5 parts- stratum corneum, stratum lucidum, stratum granulosum, stratumspinosum and stratum
germinativm. [Tallau N et al., 2020]
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STRUCTURE OF SKIN
Skin is composed of three primary layers:

e Epidermis,
e Dermis
e Hypodermis

The Skin
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Figure 4: Structure of skin

Epidermis: The epidermis is the outermost layer of the skin. The average epidermal thickness is 0.1
millimeters, which is about the thickness of one sheet of paper. The epidermis acts as a protective shield for
the body and totally renews itself approximately every 28 days.The epidermis contains no blood vessels, and
cells in the deepest layers are nourished almost exclusively by diffused oxygen from the surrounding air and
to a far lesser degree by blood capillaries extending to the outer approximately every 28 days.The epidermis
contains no blood vessels, and cells in the deepest layers are nourished almost exclusively by diffused oxygen
from the surrounding air and to a far lesser degree by blood capillaries extending to the outer layers of the
dermis. The main type of cells which make up the epidermis are merkel cells, keratinocytes, with melanocytes
and langerhanes cells also present. The epidermis can be further subdivided into the following strata
(beginning with the outermost layer): corneum, lucidum (only in the palm of hands and bottoms of feet),
granulosum, spinosum, basale.

Epidermis is divided into the following 5 sublayers or strata:

Stratum corneum
Stratum lucidum
Stratum granulosum
Stratum spinosum
Stratum germinativum

Stratum Corneum. Composed of dead cells called keratinocytes, the stratum corneum is the outermost layer
of skin, acting as a barrier to keep bacteria out and hold moisture in. As we age, this barrier deteriorates
becoming crusty and flaky. Gentle exfoliants can help remove the outermost cells and help skin regain a
youthful appearance while preserving this important layer of defense. The fifth layer, or horny layer, is called
the stratum corneum. This is the top, outermost layer of the epidermis and is 25-30 layers of flattened, dead
keratinocytes. This layer is the real protective layer of the skin. Keratinocytes in the stratum corneum are
continuously shed by friction and replaced by the cells formed in the deeper sections of the epidermis. In
between the keratinocytes in the stratum corneum are epidermal lipids (ceramides, fatty acids, and lipids) that
act as a cement (or mortar) between the skin cells (bricks). This combination of keratinocytes with
interspersed epidermal lipids (brick and mortar) forms a waterproof moisture barrier that minimizes
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transepidermal water loss (TEWL) to keep moisture in the skin. This moisture barrier protects against
invading microorganisms, chemical irritants, and allergens. If the integrity of the moisture barrier is
compromised, the skin will become vulnerable to dryness, itching, redness, stinging, and other skin care
concerns.

Dermis:

Dermis is the layer of skin beneath the epidermis that consists of epithelial tissue and cushions the body from
stress and strain. The dermis is tightly connected to the epidermis by a basement membrane. It also harbors
many nerve endings that provide the sense of touch and heat. It contains the hair follicles, sweat glands,
sebaceous glands, apocrine glands, lymphatic vessels and blood vessels. The blood vessels in the dermis
provide nourishment and waste removal from its own cells as well as from the stratum basale of the
epidermis.

Hypodermis

Hypodermis is not part of skin, and lies below the dermis. Its purpose is to attach the skin to underlying bone
and muscle as well as supplying it with blood vessels and nerves. It consists of loose connective tissue,
adipose tissue and elastin. The main cell types are fibroblasts, macrophages and adipocytes (hypodermis
contains 50% of body fat). Fat serves as padding and insulation for the body.

TRANSFEROSOME PREPARATION TECHNIQUE

There are numerous published and patented methods for creating transferosomes. In ethanol,

phosphatidylcholine is typically mixed with sodium cholate or another appropriate surfactant. Some of the

most widely used methods are:

1. Thin film hydration technique: This process involves dissolving the medication, phospholipids, and
surfactants in an organic solvent. Rotating evaporation is then used to evaporate the solvent at 40°C with
reduced pressure. To get rid of any last traces of liquid, put this film under vacuum for the entire night [52].
After that, the lipid film is hydrated by centrifuging it with the appropriate buffer for an hour at room
temperature at 60 rpm. At room temperature, the resultant vesicles will swell for two hours. Small lamellar
lipid vesicles are created by further sonicating the multi-lamellar lipid vesicles that are created at room
temperature [53] [54].

2. Modified handshaking method: This modified thin film uses the same basic idea as the rotary film
evaporation process, but the solvent will be evaporated by hand shaking. rather than a rotary evaporator.
This technique entails filling a round-bottomed flask with organic solvents with a mixture of
phospholipids, lipophilic medication, and edge activator (surfactant-non-lonics/biosurfactants). Once a
clear solution has formed, the organic solvent is evaporating by hand shaking. At the same time, the round-
bottomed flask is placed on a water bath that is kept between 40 and 600 degrees Celsius. Thin film
formation occurs overnight after the organic solvent has completely evaporated. At this stage, a hydrophilic
medication can be incorporated. The buffer solution is then added, gently stirring, above the transition
temperature as shown in Figure 4 [55].
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Figure 5: Modified handshaking method

[JCRT2412629 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f749


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882

3. Suspension homogenization process: An ethanol soybean phosphatidylcholine solution is combined with
a suitable amount of an edge activator molecule, such as sodium cholate, to create a triethanolamine-HCL
buffer, which in turn produces a total lipid concentration. The resulting suspension is then sonicated,
frozen, and thawed two or three times [56].

4. Vortexing or sonication method: This method involves mixing the medication, surfactant, and PL in a
phosphate buffer and Vortexing the mixture to create a milky suspension. Following the sonication
procedure, the suspension is extruded using polycarbonate membranes [57]. To set cationic
transferosomes, this process requires mixing cationic lipids, such as DOTMA, with PBS when the
concentration reaches 10 mg/ml. Sodium deoxycholate is then counted [58]. Following sonication and
Vortexing, the mixture is extruded through a polycarbonate (100 nm) filter [59,60,61].

5. Centrifugation process: The organic solvent dissolves the lipophilic medication, phospholipids, and edge
activator. A rotary evaporator operating at the appropriate temperature and with reduced pressure is then
used to extract the solvent. Under vacuum, the last parts of solvent are eliminated. Centrifuging at room
temperature hydrates the formed lipid layer with the proper buffer solution. At this point, the hydrophilic
medication can be incorporated. At normal temperature, the resultant vesicles swell. At ambient
temperature, the resulting multilamellar lipid vesicles undergo further sonication [62].

6. Ethanol injection method: The method is widely employed in the production of elastic liposomes. The
medicine is first dissolved in an aqueous medium, and then the contents are heated to a set temperature
while being constantly stirred. The ethanol solution containing phospholipids and edge activator is then
introduced into the aqueous media dropwise. Bilayer structures are created when the phospholipid and EA
ethanolic solution is combined with the aqueous solution, causing the lipid molecules to precipitate [63].
The process in illustrated in figure 5.

7. Reverse phase evaporation method: Phospholipids, surfactants, and the medication are dissolved in
alcohol to create transferosomes. Next, rotary evaporation is used to evaporate the organic solvent at 40—
45 degrees Celsius with reduced pressure [64]. The last solvent remnant is eliminated under vacuum. The
retainer lipid film is hydrated at room temperature by rotating it for an hour at 60 rpm with a different
buffer [65]. At room temperature, the forming vesicles are overstated for two hours. After that, the
multilamellar lipid vesicles undergo sonication. The sonication process can be replaced by extrusion, low
shear blending, or high shear blending [66].

Transferosomes characterization parameters

To ensure transferosomes quality, stability, and efficacy as drug delivery vehicles, characterization is crucial.

Transferosomes can be described using a variety of techniques that offer details on their size, shape, stability,

stability, drug encapsulation effectiveness, and release kinetics. Here is a detailed list of some popular

description techniques.

1. Vesicle size distribution and zeta potential: Malvern Zeta Seizer used the dynamiclight scattering (DLS)
light method to assess the vesicle size, size distribution, and zeta potential. The sample is prepared using
distilled water, and it is then thinned out or diluted with filter saline after passing through a 0.2 mm
membrane filter [67].

2. Entrapment efficiency: Entrapment efficiency is typically represented as a percentage of drug entrapment
or the amount of drug entrapped as a percentage of the additional amount. This technique uses the mini-
column centrifugation method to release the medication that was entrapped.

3. Vesicle morphology: The dynamic light scattering (DLS) or photon correlation spectroscopy can be used
to ascertain it.These samples were made in distilled water, filtered through a 0.2 mm (micro meter)
membrane filter, and then diluted with filtered saline.

4. Drug content: Depending on the pharmacopoeia drug's analytical method, one of the instrumental
analytical methods, such as a modified High-Performance Liquid Chromatography (HPLC) method with a
UV detector (ultraviolet), column oven, pump, autosampler, and computerized analysis program, can be
used to determine or express the drug's content [70].
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e In-vitro Release Kinetics:

a) Dialysis Method: The dialysis method, which involves immersing transferosomes in a release medium
and placing them in a dialysis membrane, can be used to assess the release kinetics of medicines from
transferosomes in- vitro. Analytical methods are used to test the drug's concentration at regular intervals
over time [81].

b) Franz Diffusion Cell: Franz diffusion cells are able to simulate the skin barrier and assess how well
medications from transferosomes pass through animal or synthetic skin membranes. To evaluate release
Kinetics, the drug concentration that permeates the membrane is tracked over time. [82].

APPLICATION OF TRANSFEROSOMES

For topical drug administration, transferosomes are lipid-based Nano systems that provide benefits such
improved permeability and solubility for medications with low bioavailability. They have been used in
numerous trials to deliver a variety of medications, such as ferulic acid and antifungal medicines Among the
noteworthy uses of transferosomes are:

Antifungal Agent Transferosomes:

Ferulic Acid Transferosomes:

Rotigotine HCL and Rasagiline Mesylate Transferosomes:

Anti-cancer drugs transferosomes:

Insulin transferosomes:

Proteins and peptides transferosomes:

Interferon transferosomes:

Anesthetic transferosomes:

N GarwWNE

CONCLUSION

Ultra-deformable vesicles called transferosomes address issues connected to transport, including Transdermal
delivery of high molecular weight medicinal substances is not possible due to the barrier properties of the
skin. Transferosomes' deformable particles can carry drugs through biological permeability barriers like the
skin. These elastic vesicles distort so they can pass through holes into the skin. They are excellent at
delivering proteins and peptides. These Transferosomes may adjust to environmental stress by forcing
themselves through skin pores that are significantly smaller than usual, improving the transdermal flux of
pharmaceuticals. The structure of transferosomes allows for a broad range of solubility by combining
hydrophilic and hydrophobic molecules. Compared to other vesicular systems, transferosomes offer several
benefits, including as deformability, systemic drug release, stability, and skin penetration.

ACKNOWLEDGEMENT
The author acknowledges the teacher’s staffs and friends for their kind support.

CONFLICT OF INTEREST
The authors declare no conflict of interest regarding the publication of the article.

REFERENCES

1. Irfan M, Verma S, Ram A, Preparation and characterization of ibuprofen loaded transferosomes as a novel
carrier for transdermal drug delivery system, Asian Journal of Pharmaceutical and Clinical Research,
2012; 5(3) : 162-65.

2. Trommer H, Neubert RHH, Overcoming the stratum corneum: the modulation of skin penetration. A
review, Skin Pharmacology and Physiology, 2006; 19(2): 106-21.

3. Ge X, Wei M, He S, Yuan WE, Advances of non-ionic surfactant vesicles (niosomes) and their
application in drug delivery, Pharmaceutics, 2019: 11(2): 55-66.

4. Patel VR, Agrawal YK, Bharkatiya M, Transferosomes: A vesicular transdermal delivery system for
enhanced drug permeation, Journal of Advance Pharmaceutical Technology and Research, 2013: 4(3):
151-62.

IJCRT2412629 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f751



http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882

5.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Kumar A. Transferosome: A Recent Approach For Transdermal Drug Delivery, Journal of Drug Delivery
& Therapeutics, 2018; 8 (5): 100-4.

Kalyani V, M Kishore Babu, Transferosomes: An emerging tool for effective transdermal drug delivery,
Journal of Chemical and Pharmaceutical Sciences, 2014; 7(3): 236-41.

El-Maghraby GM, Williams, AC, Vesicular systems for delivering conventional small organic molecules
and larger macromolecules to and through human skin, Expert Opinion of Drug Delivery, 2009; 69(2):
149-163.

Walve JR, Bakliwal SR, Rane BR, et al. Transferosomes: A surrogated carrier for transdermal drug
delivery system, International Journal of Applied Biology and Pharmaceutical Technology, 2011; 2(1):
201-14.

Malakar J, Sen SO, Nayak AK, Sen KK, Formulation, optimization and evaluation of transferosomal gel
for transdermal insulin delivery, Saudi Pharmceutical Journal, 2012; 20(4): 355-63.

Kumar R. Modified transdermal technologies: Breaking the barriers of drug permeation via the skin,
Tropical Journal of Pharmaceutical Research, 2007; 6(1): 633- 644.

Modi CD, Bharadia PD, Transfersomes: new dominants for transdermal drug delivery, American Journal
of Pharmaceutical Technology Research, 2012; 2(3): 71-91.

Pandey S, Goyani M, Devmurari V, Fakir J, Transferosomes: a novel approach for transdermal drug
delivery, Der Pharmacia Lettre, 2009; 1(2): 143-50.

Solanki D, Kushwah L, Motiwale M, Chauhan V, Transferosomes-a review, World Journal of Pharmacy
and Pharmaceutical Sciences, 2016; 5(10): 435-49.

Carita AC, Eloy JO, Chorilli M, Lee RJ, Leonardi GR, Recent Advances and Perspectives in Liposomes
for Cutaneous Drug Delivery Current Medicinal Chemistry, 2018; 25(5): 606—35.

Sarmah P, Kalita B, Sharma AK, Transfersomes Based Transdermal Drug Delivery: An Overview,
International Journal of Advances in Pharmaceutical Research, 2013; 4(12): 2555 -63.

Namrata M, Vijeta B, Alagusundaram M, “Transferosomes The Effective Targeted Drug Delivery System
Overview”, Journal of Pharmaceutical Negative Results, 2022; 13(8): 4316-21.

Marwah H, Garg T, Rath G, Goyal AK, Development of transferosomal gel for transdermal delivery of
insulin using iodine complex, Drug Delivery, 2016; 23(5): 1636-44.

Babu MK, Rajesh K, Kumari MS, Suanand V, Reddy GJ, Design and development of Telmisartan
transferosomes, Indian Journal of Research in Pharmacy and Biotechnology, 2018; 6(3): 111-5.

Goel S, Thakur A, Bassi P, Kumar P, Chatterjee A, Sharma O, Deformable Lipid Vesicular Colloidal
Carriers: A Paradigm Shift in Vaginal Drug Delivery, International Journal of Drug Delivery Technology,
2023; 13(2): 731-737.

Jokiman R, Berhad Sl, Phospholipid based vesicular system for transdermal and dermal delivery, Journal
of Industrial Technology, 2013; 21(1): 63-82.

Pawar AY. Transfersome: A novel technique which improves transdermal permeability, Asian Journal of
Pharmaceutics (AJP), 2016; 10(4): 425-36.

Dudhipala N, Phasha Mohammed R, Adel Ali Youssef A, Banala N, Effect of lipid and edge activator
concentration on development of aceclofenac-loaded transfersomes gel for transdermal application: in
vitro and ex vivo skin permeation. Drug development and industrial pharmacy, 2020; 46(8): 1334-44.
Gupta R, Kumar A, Transfersomes: the ultra-deformable carrier system for non-invasive delivery of drug,
Current Drug Delivery, 2021; 18(4): 408-20.

Jain S.K, Jain P, Umamaheshwari R.B, Jain N.K, Transfersomes-A novel vesicular carrier for enhanced
transdermal delivery: Development, characterization, and performance evaluation, Drug Delivery of
Industrial Pharmaceutica,. 2003, 29(6): 1013-26.

Eldhose MP, Mathew F, Mathew NJ, Transfersomes - A Review, International Journal of Pharmacy and
Pharmaceutical Research, 2016; 6(4): 436-452.

Haranath C, Poojitha N, Ahad HA, Yarra S, Eranti B, Recent advances in lipid based nanovesicles for
transdermal drug delivery, Journal of Medical Pharmaceutical Allied Science, 2022; 11(6): 5217-20.

Rajan R, Jose S, Mukund VB, Vasudevan DT, Transferosomes - A vesicular transdermal delivery system
for enhanced drug permeation, Journal of Advance Pharmaceutical Technology and Research, 2011; 2(3):
138-43.

[JCRT2412629 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f752


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

Cevc, G. Lipid vesicles and other colloids as drug carriers on the skin, Advance Drug Delivery Review,
2004; 56(5): 675-711.

S. Batool, “Macrophage targeting with the novel carbopol-based miltefosine-loaded transfersomal gel for
the treatment of cutaneous leishmaniasis: in vitro and in vivo analyses,” Drug Development and
Industrial Pharmacy, 2021; 47(3): 440-53.

Sivannarayana P, Rani AP, Saikishore V, VenuBabu C, Sri Rekha V, Transfersomes: Ultra deformable
vesicular carrier systems in transdermal drug delivery system, Research Journal of Pharmaceutical Dosage
form and Technology, 2012; 4(5): 243-55.

Sachan R, Parashar T, Singh V, et al. Drug carrier transfersomes: A novel tool for transdermal drug
delivery system, The International Journal of Research and Development in Pharmacy & Life
Sciences, 2013; 2(2): 309-16.

Li J, Wang X, Zhang T, et al. A review on phospholipids and their main applications in drug delivery
systems, Asian Journal of Pharmaceutical science, 2015; 10(2): 81-98.

Bhasin B, Londhe VY, An overview of transfersomal drug delivery, International Journal of
Pharmaceutical Science and Research, 2018; 9(6): 2175-84.

Alenzi AM, Albalawi SA, Alghamdi SG, et al. Review on different vesicular drug delivery systems
(VDDSs) and their applications, Recent Patents on Nanotechnology, 2023; 17(1): 18-32.

Abd EI-Alim SH, Kassem AA, Basha M, Salama A, Comparative study of liposomes, ethosomes and
transfersomes as carriers for enhancing the transdermal delivery of diflunisal: in vitro and in vivo
evaluation, International Journal of Pharmaceutics, 2019; 15(3): 293-303.

Opatha SA, Titapiwatanakun V, Chutoprapat R, Transfersomes: A promising nanoencapsulation
technique for transdermal drug delivery, Pharmaceutics, 2020; 12(9): 855-68.

Solanki D, Kushwah L, Motiwale M, Chouhan V, Transferosomes-a review, World Journal of Pharmacy
and Pharmaceutical Sciences, 2016; 5(10): 435-49.

Kaushik A, Dwivedi A, Sunda M, Transferosomes: The Drug loaded ultradeformable vesicles for
Transdermal Delivery, International Research Journal of Pharmacy, 2011; 2(11): 40-42.

Bhagwat RR, Vaidhya LS. Novel drug delivery systems: an overview, International Journal of
Pharmaceutical science and research, 2013; 4(3): 970-82.

Bnyan R, Khan I, Ehtezazi T, et al. Surfactant effects on lipid-based vesicles properties, Journal of
Pharmaceutical Science, 2018; 107(5): 1237-46.

Cevc G. Transdermal drug delivery of insulin with ultradeformable carriers, Clinical Pharmacokinetics,
2003; 42(5): 461-74.

Vasanth S, Dubey A, Ravi GS, et al. Development and investigation of vitamin c-enriched adapalene-
loaded transfersome gel: A collegial approach for the treatment of acne vulgaris, American Association of
Pharmaceutical Scientists Technology, 2020; 21(2): 61.

Qushawy M, Nasr A, Abd-Alhaseeb M, Swidan S, Design, optimization and characterization of a
transfersomal gel using miconazole nitrate for the treatment of candida skin infections, Pharmaceutics,
2018; 10(1): 26.

Chauhan P, Tyagi BK, Herbal novel drug delivery systems and transfersomes, Journal of Drug Delivery
and Therapeutics, 2018; 8(3): 162-8.

Ahad A, Aqgil M, Kohli K, et al. Formulation and optimization of Nanotransfersomes using experimental
design technique for accentuated transdermal delivery of Valsartan, Nanomedicine: Nanotechnology
Biology and Medicine, 2012; 42(8): 237-49.

Cipolla D, Wu H, Gonda I, et al. Modifying the release properties of liposomes toward personalized
medicine, Journal of Pharmaceutical Science, 2014; 103(6): 1851-62.

El Zaafarany GM, Awad GAS, Holayel SM, Mortada N, Role of edge activators and surface charge in
developing ultradeformable vesicles with enhanced skin delivery, International Journal of Pharmaceutics,
2010; 397(2): 164-72.

Williams AC, Barry BW, Penetration enhancers, Advance Drug Delivery Review, 2012; 64(3): 128-37.
Sharma RN, Elsayed I, Transfersomal lyophilized gel of buspirone HCI: Formulation, evaluation and
statistical optimization, Journal of Liposome Research, 2013; 23(3): 244-54.

[JCRT2412629 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f753


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Dudhipala N, Phasha Mohammed R, Adel Ali Youssef A, Banala N, Effect of lipid and edge activator
concentration on development of Aceclofenac loaded transfersomes gel for transdermal application: In
vitro and ex vivo skin permeation, Drug Development and Industrial Pharmacy, 2020; 46(8): 1334-44.
N’Da DD. Prodrug strategies for enhancing the percutaneous absorption of drugs, Molecules, 2014;
19(12):20780-807.

D. Thakre, S. Saxena, and S. Jain, “Development and Characterization of Transfersomes of Itraconazole
For Effective Treatment Of Fungal Disease”, Asian Journal of Pharmaceutical Education and Research,
2021; 10(1): 26-34.

Zhdanov RI, Podobed OV, Vlassov VV, Cationic lipid-DNA complexes-lipoplexes-for gene transfer and
therapy, Bioelectrochemistry, 2002; 58(1): 53-64.

S Parvez Baig R, Wais M, Formulation and development of proniosomal gel for topical delivery of
amphotericin B, International Journal of Pharmacy and Pharmaceutical Science, 2022; 14(1): 37-49.
Allam S, Annammadevi GS, Transferosomes a New Transformation in Research: A Review Journal of
Scientific Research & Reports, 2021; 27(9): 56-105.

Bnyan R, Khan I, Ehtezazi T, et al. Surfactant effects on lipid-based vesicles properties, Journal of
Pharmaceutical science, 2018; 107(5): 1237-46.

Ruela ALM, Perissinato AG, Lino ME, et al. Evaluation of skin absorption of drugs from topical and
transdermal formulations, Brazilian Journal of Pharmaceutical Science, 2016; 52(3): 527- 44.

Zhang Q, Murawsky M, LaCount T, et al. Characterization of temperature profiles in the skin and
transdermal delivery system when exposed to temperature gradients in vivo and in vitro. Pharmaceutical
Research, 2017; 34(7): 1491-504.

Lei W, Yu C, Lin H, Zhou X, Development of tacrolimus-loaded transfersomes for deeper skin
penetration enhancement and therapeutic effect improvement in vivo, Asian Journal of Pharmaceutical
Sciences, 2013; 8(6): 336-45.

Haqg A, Goodyear B, Ameen D, Joshi V, Michniak-Kohn B, StratM® synthetic membrane: permeability
comparison to human cadaver skin. International Journal of Pharmaceutics, 2018; 547(2): 432-7.

R. Jantharaprapap, G. Stagni, Effect of penetration enhancers on in vitro permeability of meloxicam gels,
International Journal of Pharmaceutical, 2007; 343(2): 26-33.

Chaurasiya P, Ganju E, Upmanyu N, Ray SK, Jain P, Transfersomes: a novel technique for transdermal
drug delivery. Journal of Drug Delivery and Therapeutics, 2019; 9(1): 279-85.

Charcosset C, Juban A, Valour JP, Urbaniak S, Fessi H, Preparation of liposomes at large scale using the
ethanol injection method: Effect of scale-up and injection devices, Chemical engineering research and
design, 2015; 94(1): 508-15.

Gupta S, Singh RP, Lokwani P, Yadav S, Gupta SK, Vesicular system as targeted drug delivery system:
an overview, International Journal of Pharmacy and Technology, 2011; 3(2): 987-1021.

Taha, El, E-Anazi MH, El-Bagory IM, Bayomi MA, Design of liposomal colloidal systems for ocular
delivery of ciprofloxacin, Saudi Pharmaceutical Journal, 2014; 22(3):231-309.

Venkatesh ND, Kalyani K, Tulasi K, et al. Transfersomes: a novel technique for transdermal drug
delivery, International Journal of Research in Pharmaceutical and Nano Sciences, 2014; 3(4): 266-76.
Cristina DP, Cristina H, Alina O, Razvan P, Elastic vesicles as drugs carriers through the skin. Farmacia,
2010; 58(2): 128-37.

Iskandarsyah, Rahmi AD, Pangesti, DM, Comparison of the characteristics of transfersomes and
protransfersomes containing azelaic acid, Journal of Young Pharmacist, 2018; 10(2): 11-15.

Van Hoogevest P, Wendel A, The use of natural and synthetic phospholipids as pharmaceutical excipients,
European Journal of Lipid Science & Technology, 2014; 116(9): 1088-107.

Yadav D, Sandeep K, Pandey D, Dutta RK, Liposomes for drug delivery, Journal of Biotechnology and
Biomaterial, 2017; 7(4): 1-8.

[JCRT2412629 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f754


http://www.ijcrt.org/

