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ABSTRACT 

Objective: This study aims to formulate and characterize the transfersomes for percutaneous delivery of peptides and proteins. In particular, this 
study was a preliminary study for the transfersomes formulation of recombinant human epidermal growth factor (rhEGF) for topical delivery. 

Methods: The transfersomes was prepared by thin film hydration method using phosphatidylcholine and sodium deoxycholate as vesicle former. In 
this study, transfersomes formulas were optimized, namely TF1, TF2, TF3, and TF4 with several ratios of phospholipid and surfactant which were 
90:10, 85:15, 80:20, and 75:25, respectively. Afterward, the transfersomes were characterized in terms of particle size distribution, polydispersity 
index, zeta potential, morphology of vesicles, and deformability index. 

Results: The results showed that the best formulation was TF3 with the ratio of 80:20 with a particle size of 118.6±1.33 nm, polydispersity index of 
0.102±0.011, zeta potential of-30.9±0,46 mV, and deformability index of 1.182±0.08. TEM analysis also showed spherical and unilamellar vesicles of 
transfersomes. 

Conclusion: This work demonstrated that the sodium deoxycholate-based transfersomes could be potential to be further formulated with peptide 
and protein for percutaneous delivery. 
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Advances in biotechnology have resulted in many peptides synthesis 
and use of peptides and proteins in the treatment of various 
diseases. Currently, the most frequent route of administration for 
protein and peptide drugs is via parenteral because they are 
unstable if given orally. Transdermal delivery is an attractive option 
for the delivery of peptides and proteins, since it is invasive and 
avoids first-pass degradation in the gastrointestinal tract (GIT) and 
liver [1]. Besides proteins and peptides that are intended for 
systemic delivery, many peptides also have potential therapeutic or 
cosmetic value if they can be locally administered to target sites 
within the skin [2]. This includes epidermal growth factor (EGF) 
which is used for skin healing, such as chronic wounds, burns, 
diabetic ulcers, and also for cosmetic purposes, for example, to 
disguise scars, keloids, and reduce signs of skin aging [3]. In order to 
be effective for systemic action or as cosmeceutical products, the 
applied peptide must reach its target site sufficiently to generate a 
therapeutic response.  

Meanwhile, skin administration is not an easy route because there is 
an effective barrier to skin penetration, called stratum corneum. It 
consists of a “brick and mortar” like structure with 10–15 layers of 
keratinocytes (bricks) in an intercellular lipid matrix (mortar) [4]. 
Ideal characteristics for substances intended for percutaneous 
delivery are a relatively low molecular weight (<500 Da) and 
melting point (<200 °C), moderate lipophilicity (log P 1-3) and 
aqueous solubility (>1 mg/ml) and high pharmacological potency. 
Because of their hydrophilicity and high molecular weight, ranging 
from 300 Da to greater than 1000 kDa, peptides have poor skin 
permeation and ineffective if administered percutaneously despite 
their high potency [1]. 

Several strategies have been developed to overcome the skin barrier 
and facilitate the permeation of peptides and proteins through the 
skin. This includes encapsulation of peptides and proteins in lipid 
vesicular system, such as transfersomes [5, 6]. Transfersomes is an 
ultradeformable vesicle (UDV) which shows a great ability to 
penetrate the skin by squeeze through the pores in the stratum 
corneum that are less than one-tenth the diameter of the 
transfersomes themselves and delivering the drug to the epidermis 

and dermis [7]. The flexibility of transfersomes membrane is 
achieved by mixing suitable surface-active components (surfactants 
and phospholipids) in the proper ratios [8]. 

Sodium deoxycholate is a bile salts-derived anionic surfactant, which 
was employed as a potent penetration enhancer for topically 
administered drugs because of its membrane destabilizing activity 
[9, 10]. Sodium deoxycholate has been used in a transfersomes 
formulation and could successfully carry insulin to penetrate across 
the skin [11]. 

In the present study, the optimization of transfersomes formulas 
using sodium deoxycholate as a surfactant and the characterization 
of the produced transfersomes were carried out. This study was a 
preliminary study for the formulation of recombinant human 
epidermal growth factor (rhEGF) in transfersomes for topical 
delivery. 

Phospholipon 90G was a gift sample from Lipoid GmbH (Kӧln, 
Germany). Sodium deoxycholate and butylated hydroxytoluene was 
purchased from Sigma (Saint Louis, USA) and Sterlitamak 
Petrochemical Plant (Sterlitamak, Rusia) respectively. Potassium 
dihydrogen phosphate and sodium hydroxide were obtained from 
Merck (Darmstadt, Germany). All other solvents and reagents were 
analytical grade. 

Phospholipid is the main component of vesicles forming agent, 
consisting of hydrophilic and hydrophobic groups, which can form a 
lipid bilayer arrangement in an aqueous medium [12]. Phospholipid 
used in this study was Phospholipon 90G, which is 
phosphatidylcholine from soybeans with purity of more than 94%. 
The used phosphatidylcholine is derived from soybeans, since this 
type of phosphatidylcholine does not cause a smell like 
phosphatidylcholine derived from egg yolk. In addition to 
phospholipids, other components of transfersomes are 
surfactants/edge activators that function to increase the elasticity of 
vesicles, so they can deform through narrow gaps [7]. In this 
formulation, sodium deoxycholate (HLB 16) was chosen as an edge 
activator, because it has a high hydrophilic-lipophilic balance (HLB) 
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value that can provide a high degree of encapsulation for hydrophilic 
drugs [13], such as peptides and proteins. Other surfactant with high 
HLB values, such as polysorbate 80 (HLB 15), was not selected as it 
contains ether linkages and unsaturated alkyl chains that have been 
shown to auto-oxidize in aqueous solution to protein-damaging 
peroxides and reactive aldehydes [14]. Moreover, sodium 
deoxycholate has been used in several studies to produce 
transfersomes and showed high entrapment efficiency value as well 

as increased flux of the penetrated drugs into skin [15, 16]. In this 
study, the transfersomes vesicles were formulated with several 
ratios of phospholipid and surfactant as shown at table 1. Butylated 
hydroxytoluene (BHT) was added as an antioxidant, since 
transfersomes tends to experience chemical instability in the lipid 
phase due to oxidative degradation [12]. The pH of the aqueous 
medium was arranged with pH 7.2 phosphate buffer solution to 
maintain the stability of protein and peptides. 

 

Table 1: Formulation of the transfersomes 

Material Concentration (%) 
TF1 (90:10) TF2 (85:15) TF3 (80:20) TF4 (75:25) 

Phospholipon 90G 4.5 4.25 4 3.75 
Sodium deoxycholate 0.5 0.75 1 1.25 
Butylated hydroxytoluene 0.5 0.5 0.5 0.5 
pH 7.2 phosphate buffer ad 100 ad 100 ad 100 ad 100 
 

The transfersomes was prepared by thin layer hydration method 
followed by extrusion. The thin layer hydration method was applied 
as it is quite simple and easy to conduct on a laboratory scale [17]. 
Firstly, the phospholipid, surfactant, and antioxidant were dissolved 
in ethanol and put in a round bottom flask. The solution was 
subsequently evaporated using a rotary vacuum evaporator (Buchi 
R-100, Switzerland) at 40 °C with the speed of 150 rpm under 
vacuum condition. After the thin layer was formed, it was streamed 
with nitrogen gas and stored in the refrigerator overnight to allow 
complete evaporation of the solvent. Hydration of dry lipid film was 
accomplished by adding pH 7.2 phosphate buffer solution at 37 °C 
with the speed of 50–250 rpm for 45 min. In the process of 
hydration, the temperature used greatly affects the stability of 
phospholipids and also the later active ingredient. If the temperature 
is too high it will disrupt the stability of the phospholipid and cause 
a decrease in transfersomes’ encapsulation efficiency [16]. Peptides 
and proteins are also well known for their thermal instability. After 
hydration, phospholipids form a lipid bilayer vesicles of varying size 
and lamellarity (multilamellar vesicles/MLV) [17, 18]. The resulting 
MLV transfersomes appeared as a milky white suspension.  

In the end, the resulting transfersomes suspension was extruded 
through a polycarbonate membrane (200 nm). Extrusion is the most 
often applied method to convert MLVs to small unilamellar vesicles 
(SUVs) of less than 200 nm or large unilamellar vesicles (LUV) of 

200-1000 nm [17]. The extrusion method also has the advantage of 
being able to produce the resulting mean vesicle size and fairly 
reproducible size distribution from batch-to-batch [19]. In this 
method, the MLV suspension is passed several times through a 
polycarbonate membrane with uniform pores. The average vesicle 
size obtained through extrusion decreases with the addition of 
trans-membrane pressure and the number of extrusion cycles [18]. 
In this study, the transfersomes suspension was extruded through 
200 nm polycarbonate membranes (Avanti Polar Lipids Inc., USA) 
for 11 cycles. After extrusion, the color of the transfersomes 
suspension changed to be more transparent than before. It showed 
that increasing the surfactant concentration resulted more 
transparent transfersomes suspension. The appearance that became 
more transparent indicates that the particle size reduction has 
occurred. In general, the smaller the particle size, the turbidity of the 
colloidal system will decrease. After all the processes were complete, 
the transfersomes suspension was stored in a refrigerator and then 
characterized.  

Particle size analysis and the polydispersity index of the 
transfersomes were measured by dynamic light scattering using a 
Zetasizer Nano ZS90 (Malvern, UK) instrument [20]. The particle 
size distribution of all transfersomes is shown at fig. 1 and the 
measurements of particle size as well as the polydispersity index 
(PDI) of the transfersomes are given in table 2. 

  

 

Fig. 1: Particle size distribution of the transfersomes 
 

Table 2: Particle size distribution and polydispersity index of the thin-film 

Parameter TF1 TF2 TF3 TF4 
Zaverage 156.4 (nm) ± 0.85 138.4 ± 0.55 118.6 ± 1.33 86.8 ± 0.14 
DV-average 200.4 (nm) ± 0.76 167.4 ± 5.86 132.4 ± 4.24 81.3 ± 0.57 
DV-10 99.2  (nm) ± 3.26 86.1 ± 2.98 68.6 ± 2.05 50.9 ± 2.30 
DV-50 193.3  (nm) ± 0.58 158.0 ± 5.20 118.7 ± 2.89 74.9 ± 1.55 
DV-90 314.0  (nm) ± 3.46 267.3 ± 16.50 219.3 ± 12.66 122.3 ± 3.06 
Polydispersity index  0.130 ± 0.011 0.115 ± 0.008 0.102 ± 0.011 0.073 ± 0.018 

All values were represented as mean±SD (n=3) 
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All the formulation had a particle size less than 200 nm, according to 
the pore size of the polycarbonate membrane used in the extrusion 
step. The concentration of phospholipid and surfactant used seems 
to be one of the most dominant parameters influencing the particle 
size. Surfactant concentration gives an inverse relationship with the 
particle size [21]. The results showed that the smallest particle size 
was owned by the formulation with the highest surfactant 
concentration (TF4<TF3<TF2<TF1). Furthermore, the reduction in 
polydispersity was noticed, and this might be attributed to the 
reduction of interfacial tension, ensuring a good emulsification 
process [21]. All formulations had a PDI value of less than 0.2, 
indicating monodisperse particle size distribution. The extrusion 
method and the number of cycles that have been used are sufficient 
to make the transfersomes had a narrow particle size distribution. 

In addition to particle size distribution and polydispersity index, the 
measurement of zeta potential was also conducted using a Zetasizer 
Nano ZS90 (Malvern, UK) instrument [20]. Zeta potential is a 

measure of the magnitude of the electrostatic or charges repulsion 
or attraction between particles in a liquid suspension. Zeta potential 
is a fundamental parameter to describe the stability of a dispersion 
system as the measurement provides detailed insight into the causes 
of dispersion, aggregation or flocculation. A sample with a value of 
zeta potential more positive than+30 mV or more negative than-30 
mV can be said as stable [22]. The zeta potential values are shown in 
table 3, and it revealed that the most stable formulations were TF1 
and TF2, followed by TF3. The net negative charge observed was due 
to the lipid and surfactant composition in the formulation. 
Phosphatidylcholine is a zwitterionic compound with an isoelectric 
point between 6 and 7. During the process of formulation, pH 7.2 
phosphate buffer solution was used as the hydrating medium, where 
the pH was a little bit higher than the isoelectric point of 
phosphatidylcholine, causing phosphatidylcholine carried a negative 
charge [23, 24]. Moreover, sodium deoxycholate used is an anionic 
surfactant, which also contributed to the net negative charge of the 
formulation [13]. 

 

Table 3: Zeta potential of the transfersomes formulation 

Formulation Zeta potential (mV) 
TF1 -38.2 ± 1.10 
TF2 -38.4 ± 1.53 
TF3 -30.9 ± 0.46 
TF4 -29.4 ± 0.66 

All values were represented as mean±SD (n=3) 

 

 

Fig. 2: TEM micrograph of the transfersomes, (A) TF1, 97,000x magnification, (B) TF3, 71,000x magnification 

 

Morphology of vesicles was observed using a transmission electron 
microscope (TEM) (Microscope Tecnai 200 kV D2360 SuperTwin, 
Thermo Fisher Scientific, USA) with an accelerating voltage of 80 kV. 
An aliquot (5 μl) of the transfersomes suspension was placed on a 
carbon-coated grid. Excess solution was carefully removed using 
filter paper. Transmission electron micrograph of TF1 and TF3 
transfersomes are displayed at fig. 2; they show spherical and oval 
vesicles. When a thin film of lipid gets hydrated, it tends to form an 
enclosed vesicular structure with shape ranges from spherical to 
oval in order to attain thermodynamic stabilization by reducing the 
total free energy of the system. No disruption of vesicular structure 
confirmed vesicle integrity, even after application of various 
mechanical stresses such as extrusion [25]. Fig. 2 also shows that the 
vesicle has a unilamellar structure with a particle size of less than 
200 nm, which means the extrusion process had successfully 
reduced the particle size and lamellarity of transfersomes. 

Deformability index is a unique parameter in transfersomes 
preparation that distinguishes transfersomes from other vesicular 
systems. Deformability index was used to examine the flexibility of 
transfersomes. Vesicles with better membrane deformability could 
penetrate the lipid membrane through the hydrophilic pathways or 

pores between the cells without losing their vesicle integrity. This 
will be possible with incorporating surfactants which destabilizes 
the lipid bilayer and increases its fluidity and elasticity. The 
transfersomes vesicles could penetrate pores that are smaller than 
their own diameter because of their ultra-flexible vesicle 
membranes [26]. 

Deformability index was measured by extruding 1 ml of 
transfersomes suspension through a polycarbonate membrane with 
a pore size of 100 nm in a mini-extruder set (Avanti Polar Lipids Inc., 
USA). The extruded suspension volume in 5 min was recorded and 
the particle size was then determined with dynamic light scattering 
method. Deformability index can be calculated using the following 
equation: D= J(rv/rp)^2 

where J is the amount of transfersomes suspension that passed 
through the membrane in 5 min (mL), rv is the particle size of the 
transfersomes that passed through the membrane (nm), and rp is 
membrane pore size (nm) [27]. 

All the transfersomes suspension in the formulations were 
deformable, since they can pass through the membrane, and the 
highest deformability index owned by TF1 as shown at table 4. 
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However, these results did not show any significant value, because 
of the membrane pore size used does not vary much with particle 
sizes in the tested suspension. All the formulation experienced a 
reduction in particle size after extrusion in deformability test. 

Nonetheless, TF3 gave the smallest reduction in particle size after 
extrusion. TF4 measurement was considered invalid because the 
pore size of the membrane used in deformability test was larger 
than its particle size. 

 

Table 4: Deformability index of the transfersomes formulation 

Formulation Volume of extruded transfersomes (ml) Particle size after extrusion (nm) Deformability index 
TF1 1.0 131.1 ± 0.62 1.719 ± 0.02 
TF2 1.0 118.1 ± 1.84 1.396 ± 0.04 
TF3 1.0 108.7 ± 3.63 1.182 ± 0.08 
TF4 1.0 83.5 ± 0.60 0.698 ± 0.01 

All values were represented as mean±SD (n=3) 

 

Based on the transfersomes characterizations, the selected 
transfersomes formulation might be determined for further formulation 
with an active ingredient of rhEGF or other suitable peptides and 
proteins. The selected formula was the transfersomes with a spherical 
shape and unilamellar vesicle, particle size less than 200 nm, 
polydispersity index close to 0, and zeta potential more than ± 30 mV. 
Hence, it was indicated that the best transfersomes formulation is TF3 
with a ratio of phosphatidylcholine and sodium deoxycholate of 80:20, 
which had a spherical shape and unilamellar vesicle with a particle size 
of 118.6±1.33 nm, polydispersity index of 0.102±0.011, zeta potential of-
30.9±0.46, and the best elasticity and deformability properties. It is a 
potential transfersomes formula for further formulation with an active 
ingredient of rhEGF or other suitable peptides and proteins. 
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