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ABSTRACT 

Objective: The aim of this study was to increase penetration of epigallocatechin gallate (EGCG) from the extract using transethosomal gel.  

Methods: Transethosomes (TE) formulae were made using thin layer hydration method with different concentration of green tea extract which was 
equivalent to 1% (F1), 1.5% (F2), and 2% (F3) of EGCG. F1 was the chosen formula to be incorporated into a gel as a transethosomal gel (TEG). A gel 
containing green tea extract was also made as a control called as non-transethosomal gel (NTEG). A stability test and in vitro penetration study of 
gels using Franz diffusion cell were performed.  

Results: F1 was the chosen formula because it had a spherical shape, a particle size of 112.14±2.19 nm, PDI of 0.166±0.03, a zeta potential of-
52.05±1.34 mV, and %EE of 58.06±0.08%. Stability test results showed that TEG more stable than NTEG. The amount of EGCG penetrated from TEG 

and NTEG were 1391.16±34.89 µg/cm2 and 485.29±14.49 µg/cm2, respectively (p<0.05). The lag time for TEG was around 0.99±0.2 h, while NTEG 
was 8.69±0.2 h (p<0.05). 

Conclusion: It can be concluded that transethosomes can improve gel stability and increase the amount of EGCG penetrated through the skin.  
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INTRODUCTION 

Nowadays, nanovesicles usage in pharmaceutical technology has 
been developed. It can be applied in many kinds of drug delivery 

system as in transdermal drug delivery system (TDDS). TDDS uses 
the skin as an alternative way to deliver drugs into the systemic 
circulation. Some advantages of drug delivery via the transdermal 
route are avoiding digestive degradation, passing the hepatic 
metabolism, and it can be used to deliver many kinds of medicinal 
products like chemical substances or natural products [1].  

One of the nanovesicles that can be formulated into a transdermal 
dosage form is transethosomes (TE) [2]. TE is an evolution of 
deformable vesicles that was developed by Song et al. in 2012 [2]. TE 
has more advantages than transfersomes and ethosomes, such as 
higher elasticity and flexibility than both the previous vesicles [3]. 
TE is composed of phospholipids, ethanol, edge activators 
(surfactants) and penetration enhancers. High elasticity of TE is 

influenced by a combination of ethanol and edge activator [3, 4]. 
Also, it has been used for chemical substances or natural products. 

Currently, the utility of natural products for medical purposes is also 
increasingly in demand. One of the abundant natural materials and 
has many health benefits is green tea leaves (Camellia sinensis L. 
Kuntze). Green tea contains approximately 4 000 bioactive 

components, and the most dominant are polyphenols [5]. 
Polyphenols in green tea are mostly from catechin groups, and they 
are about 30% of the total content of green tea bioactive 
components [6, 7]. Examples of catechin derivative compounds in 
green tea are (-)-epigallocatechin gallate (EGCG) (8-12%), (-)-
epigallocatechin (EGC) (3-6%), (-)-epicatechin 3-gallate (ECG) (3-

6%), and epicatechin (EC) (1-3%) [8]. these compounds have a high 
antioxidant activity that is beneficial in preventing many diseases 
associated with increasing of oxidative stress such as cancer, 
diabetes, and cardiovascular disease [9-11]. Based on some of these 
properties, green tea extract is suitable to be formulated into a 
transdermal dosage form to give the beneficial effects to the body.  

Bioactive components in green tea leaves should be able to 

penetrate through the skin to provide an optimal antioxidant effect. 

However, green tea catechin such EGCG has a problem to penetrate 
through the skin. It has a high polarity (log P = 0.48) [12] and a large 
molecular mass (458.37 Da) that can inhibit its penetration into the 

skin [13]. One of strategy to overcome these problems is formulating 
the green tea extract into a lipid vesicle such as TE [2]. 

Green tea extract or EGCG had been formulated into some types of 
vesicles, such as liposomes [14], transfersomes [15], and 
nanoparticles [16, 17]. However, there was not research on 
formulating the green tea into TE. The formulation of green tea 
extract in TE is expected to be an alternative way to increase 
penetration of EGCG from the extract. In this study, green tea leaves 
extract (Camellia sinensis L. Kuntze) was formulated into TE, and the 
marker analyzed was EGCG. Then a chosen TE formula would be 
incorporated into a gel dosage form. The stability test was 
conducted to the gels prepared. Additionally, an in vitro penetration 
test using Franz diffusion cell was performed to evaluate the 
penetration of EGCG through the skin. EGCG was analyzed by thin 
layer chromatography (TLC) densitometer. 

MATERIALS AND METHODS 

Materials 

Green tea leaves extract containing 42.80% EGCG was purchased 
from Andy Biotech (Xi’an, China). EGCG secondary standard (purity 
92.4%) was supplied by Sigma-Aldrich, (Singapore, Singapore). 

Lipoid® P30 was kindly gifted by Lipoid GmbH (Ludwigshafen, 
Germany). Span 80 was obtained from Croda (Nexus, Singapore). 
Carbopol® 940 was offered by Lubrizol (Wanchai, Hongkong). 
Ethanol was purchased from Merck (Darmstadt, Germany) and 
propylene glycol from Dow Chemical Co. (Michigan, America). 
Female Sprague-Dawley rats were provided by Bogor Agricultural 

University (Bogor, Indonesia). Other solvents and reagents were the 
analytical grade or better. 

Preparation of transethosomes 

TE was formulated into three formulae with different concentration 
of green tea leaves extract as seen in table 1. TE was made by thin 
layer hydration method referred to Ma et al. [4] with slight 
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modification. Lipoid P30 and Span 80 were dissolved in 
dichloromethane. The organic solvent was then evaporated by using 
a rotary evaporator at a speed of 150 rpm under a vacuum condition 
at a temperature of 40 ˚C until a thin layer was formed. After 24 h, 

the thin layer was then hydrated with a mixture solvent of ethanol-

phosphate buffer solution pH 5.5 (2:8), which previously have been 
mixed with green tea leaves extract. The hydration process was 
done in a rotary evaporator for one h at a speed of 100 rpm at 37 °C 
without vacuum condition. The TE suspension was then sonicated 

for 20 min and stored at a temperature of 5 °C before used. 

 

Table 1: Formulation of transethosomes containing green tea leaves extract 

Ingredients F1 F2 F3 

Green tea leaves extract (g) 2.3(a) 3.5(b) 4.6(c) 
Lipoid P30 (g) 4.0 4.0 4.0 
Span 80 (g) 0.7 0.7 0.7 
Ethanol-phosphate buffer solution pH 5.5 (2:8) (ml) Ad 100 Ad 100 Ad 100 

Note: Extracts are equal to EGCG: (a) 1%, (b) 1.5%, and (c) 2% 

 

Morphology of transethosomes 

Morphology of TE was viewed by transmission electron microscope 

(TEM) (JEOL JEM 1400). A sample (1.0 ml) was dispersed in 

demineralized water, and then the solution was dropped onto the 

carbon-coated copper grid. After that, 1% phosphotungstic acid 

solution was dropped into the sample [2]. 

Entrapment efficiency  

Entrapment efficiency (%EE) of TE was conducted by a direct 

method. As a marker of the extract, EGCG concentration was 

measured to obtain the %EE. TE suspension was put in a centrifuge 

tube and centrifuged at 13 000 rpm for 2 x 30 min. There were 

supernatant and precipitated TE. Then, the precipitated TE was 

collected, added with chloroform and revortexed to disrupt the 

vesicle. After that, ethanol was then added to the mixture to dissolve 

the EGCG. The solution obtained was spotted on silica gel plate to 

analyze the concentration of EGCG. The concentration of the drug 

entrapped in TE was calculated by the following formula [18]: 

Entrapment efficiency (%) =  Qe

Qt
 × 100% 

Qe = concentration of EGCG entrapped in sediment (μg/ml) 

Qt = total concentration of EGCG added in suspension (μg/ml) 

Particle size distribution, polydispersity index, and zeta 

potential 

Particle size, polydispersity index, and zeta potential were measured 

by using a dynamic light scattering method of particle size analyzer 

(Malvern Zetasizer). Each sample was diluted by demineralized 
water then analyzed at a temperature of 25 °C [2]. 

Deformability index 

Deformability index was determined by the extrusion method. TE 
samples were injected through a cellulose membrane with 100 nm 
pores at 0.5 MPa. Deformability of TE was calculated using the 
formula below [2]: 

E = j �rv

rp
�

2

 

E= deformability index 

J= volume of TE that can flow through the membrane  

rv= size of vesicles after extrusion 

rp= average size of membrane pores 

Gel formulation 

There were two gels prepared, i.e. transethosomal gel (TEG) and 
non-transethosomal gel (NTEG) as seen in table 2. Carbopol was 
dispersed in demineralized water, and then triethanolamine was 
added to form a viscous gel base. Next, the mixture was 
homogenized using a homogenizer at a speed of 1000 rpm. During 
stirring, propylene glycol and TE suspension were added into the 
TEG formula. To make NTEG, green tea leaves extract which was 
previously dissolved in a mixture of ethanol-phosphate buffer 
solution pH 5.5, was mixed into the separate gel base, and then it 
was homogenized with a homogenizer at a speed of 1000 rpm for 10 
min.

 

Table 2: Gel formulation 

Ingredients Concentration (% w/w) 

TEG NTEG 

Carbopol 940 1.0 1.0 
Triethanolamine 0.6 0.6 
Propylene glycol 12.5 12.5 
Transethosomes suspension equal to EGCG 0.5 - 

Green tea leaves extract equal to EGCG - 0.5 
Demineralized water ad 100 ad 100 

Note: (TEG): Transethosomal Gel, (NTEG): Non-transethosomal Gel 

 

Gel evaluation and stability test 

After finishing the preparation, gels were immediately evaluated 

their homogeneity, organoleptic, pH, and rheological property. Then, 
the gels were stored at three different temperatures, i.e. low 
temperature (4±2 ˚C), room temperature (27±2 ˚C), and hot 
temperature (40±2 ˚C) for 12 w. The organoleptic and pH of the gels 
were checked every two w, while the rheological property was 
investigated at week 0 and 12. A cycling test was also performed by 

storing the gels at a temperature of 4 ˚C for 24 h and then 

transferred to a storage temperature of 40 ˚C for 24 h, called as one 
cycle. The cycling test was performed with repetition as much as six 
cycles [19].  

In vitro penetration test 

In this research, an in vitro penetration test was conducted by using a 
Franz diffusion cell. The membrane used was the abdomen skin of 

female Sprague-Dawley rats (2-3 mo), weighing±150-200 g. Rats were 
acclimated in an animal house for two weeks before the study. Rats 
were housed four rats per cage at a room temperature of 27±2 °C with 
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an alternating 12 h light and dark cycle and given free access to food 
and water. All methods for euthanizing the animals were approved 
by Ethical Clearance Committee of Cipto Mangunkusumo Public 
Hospital, Faculty of Medicine-Universitas Indonesia No. 

418/UN.2F1/ETIK/2016. The hair of rat skin was removed before used 
in the test. The receptor compartment was filled with 15 ml of phosphate 
buffer solution pH 5.5, then stirred with a magnetic stirrer at a speed of 
250 rpm. Receptor compartment temperature was maintained at 37±1 
˚C. Then, a rat skin with a diffusion area of 2.01 cm2 was placed between 
the donor and the receptor compartment with dermal side facing the 

receptor compartment. A sample gel (1 g) containing green tea extract 
that was equivalent to 1% EGCG was then applied onto the rat skin 
surface. The test was run for 24 h and samples were taken from the 
receptor compartment as much as 3.0 ml at several time intervals (1, 3, 
5, 7, 8, 10, 12, 14, 16, 18, 20, 22, and 24 h). At each sampling, 3.0 ml of 
fresh phosphate buffer solution pH 5.5 was added to the receptor 

solution to maintain sink condition. Then the EGCG concentration was 
measured by a TLC method. The cumulative amount and flux of EGCG 
penetrated were then calculated [20]. 

Thin layer chromatography condition 

All samples were spotted on a silica gel 60 F256 plates and eluted 
using dichloromethane-acetone-formic acid (8:7:1) as the eluent. 
The plates were then analyzed by TLC scanner III (CAMAG) at a 

wavelength of 275 nm. 

Statistical analysis 

Statistical analysis of data was analyzed by GraphPad Prism 6.0 via 
unpaired t-tests with significance level was set at P<0.05. 

RESULTS AND DISCUSSION 

One of strategy to increase drug penetration is entrapping drugs into 

nanovesicles [21]. Since conventional liposomes has some weaknesses, 

there were many developments of vesicles to obtain a better delivery. TE 

as a novel vesicle, an advanced form of transfersomes and ethosomes, is 

expected to be the best way to overcome drug penetration problems. To 

penetrate through the deeper layers of the skin, TE must have some 

characteristics. For instance, it should be small, elastic, and it must have a 

high drug entrapment.  

Preparation of transethosomes 

 

 

Fig. 1: The appearance of transethosomes formulae containing 

green tea extract 

 

In this study, preparation of TE was done by thin film hydration 
method because it provides a higher drug loading for multilamellar 
vesicles (MLV) than other methods [22]. This method has been 
optimized and observed by Zaafarany et al. [23]. The preparation of 
a thin film in the rotary evaporation method offers a large surface 
area that can give a perfect hydration of vesicles [23]. All TE 

formulae prepared can be seen in fig. 1. 

Effect of edge activator to vesicles morphology  

The morphological observation showed that all formulae had an 
irregular spherical shape as seen in fig. 2. This form caused by a 
combination of ethanol and Span 80 which can lead to a 
rearrangement of lipid bilayer vesicles composition [3]. It shows the 

lamellar and core of each vesicle under the microscope. The dark 
color in the middle of vesicle showed that the extract was entrapped 
in the core of TE because it is a hydrophilic substance. When a drug 
is dissolved in the mixture of ethanol and phosphate buffer solution 
pH 5.5, it has a high polarity. Then, it produces electrons that can be 
captured by TEM. So, the properties of substances will determine 
their entrapment position in TE. 

 

 

Fig. 2: The morphology of transethosome viewed using TEM with 150 000 magnification. (A) F1, (B) F2 and (C) F3 

 

Effect of drug concentration to entrapment efficiency  

Besides morphology of vesicles, %EE is an important parameter for 
vesicles. TE must have a high entrapment of EGCG to be 
incorporated into a gel dosage form. The higher EGCG entrapped in 
the TE, the less amount of TE needed in gel formulation. In this 
study, the results revealed that F1 had the highest %EE among other 
formulae. However, based on the results, it is known that the higher 

concentration of extract in TE formula, the lower %EE obtained. This 
result is similar to Zaafarany et al. [23], they demonstrated that a 
further increase in drug concentration led to a significant decrease 
in %EE. This phenomenon caused by the saturation of lipid 
components and hydrophilic part of the TE by the extract used 
because the vesicles of TE have a limitation capacity of drug 
entrapment [24]. 

Effect of drug concentration and polydispersity index to 

particle size  

Another important characteristic for enhancing drug penetration is 
particle size of vesicles. The results of particle size, polydispersity index 
and zeta potential measurements of all TE formulae can be seen in the 
summary of TE characterization results as seen in table 3. Based on 
results above, all TE formulae were in nano-size. There was a correlation 

between the increase in drug concentration and particle size. The rise of 
extract concentration could cause higher collisions between particles. It 
is directly proportional to the increase of particle size of TE. Collisions 
between particles may lead to the aggregation process of the particles 
which allow increasing the particle size [25]. It results in the 
heterogeneity of polydispersity index (PDI) value. The higher 
concentration of extract formulated, the bigger PDI of a formula. PDI is a 
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level of heterogeneity of particle size in a formula. When a formula has a 
small value of PDI, it indicates that the formula is a homogenous vesicle. 
Finally, this leads to the decrease of particle size. 

Zeta potential  

To keep the particle in a stable condition or avoid the aggregation, TE 
must have a good zeta potential which is more positive than+30 mV or 
more negative than-30 mV. Zeta potential is an electrostatic charge 
which provides repulsion between the particles [25]. Zeta potential is 
increasingly positive or negative that indicates the magnitude of the 
repulsive force between charged particles [26]. In this study, green tea 

extract was a drug model, and EGCG is the marker of the extract. EGCG is 
a negatively charged substance, and this is accordance with the charge of 
TE in this study. Sou [27] found that vesicles with zeta potential that is 
less than-30 mV tend to have high entrapment capacity.  

Deformability index 

A vesicle should be elastic to penetrate the deeper layers of the 
skin [2]. The deformability index measurement of F1, F2, and F3 
were 1.11±0,00, 1.46±0,00, and 2.14±0,00, respectively. A 
surfactant as an edge activator gives a deformable characteristic to 
vesicles [23]. This property can make the TE changes their shape 
easily into a very tiny space between cells of stratum corneum. 
Deformability of TE is influenced by the presence of Span 80 as an 
edge activator and ethanol as penetration enhancers. As an edge 
activator, Span 80 can destabilize lipid bilayer thereby decreases 
the rigidity of the lipid bilayer [28]. Ethanol can interact with the 
polar part of the phospholipid that causes a reduction in the 
melting point of phospholipids so that it can improve the fluidity 
and permeability of lipid bilayer membrane and permeability of 
membranes [29]. 

 

Table 3: Summary results of transethosome characterization 

Formula Morphology  Dmean volume (nm) Polydispersity index Zeta potential (mV) Entrapment efficiency (%) 

F1 Spheric 112.14±2.19 0.163±0.01 -52.05±1.34 58.06±0.09 
F2 Spheric 132.94±5.42 0.175±0.02 -63.6±6.93 41.15±0.13 
F3 Spheric 179.49±1.76  0.272±0.01 -62.6±5.66  33.42±0.22  

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

 

Gel formulation 

Based on table 3, F1 was chosen formula to be incorporated into a 
gel dosage form because it had an almost spherical shape, smallest 
Dmean volume, lowest polydispersity index (<0.5), zeta potential>±30 
mV, and the highest %EE. 

Gel evaluation and stability test 

At week 0, all gels prepared showed a homogeneity in appearance. TEG 
showed a whitish brown color, while the NTEG was transparent brown 
as seen in fig. 3. pH of TEG and NTEG were 5.76 and 5.72, respectively. 
And the rheological property of all gels was plastic thixotropic. After 12 
w storage, all gels were still homogeneous, and the pH of all gels was 
around 5.40-5.80. The results were still in the range of skin pH (4.5-6.5). 

There was not a change in the rheological properties too. Also, the color 
of TEG in all temperature storage did not change. 

However, there was a color change in NTEG at the room and hot 
temperature storage. At the room temperature, NTEG showed a darker 
color in the sixth w. And, the color change at the hot temperature storage 
was in the fourth w. The results revealed that TE could protect the green 
tea extract or EGCG from the oxidation. Verma et al. [30] revealed that 

formulating drugs into nanovesicles is one of strategy to enhance their 
stability. The vesicle keeps the drugs in the core of vesicle, so it cannot be 
exposed to the environment condition. 

 

 

Fig. 3: Physical appearance of (a) NTEG and (b) TEG 

 

In vitro penetration test 

In vitro skin penetration test has been commonly used to measure 
the rate of drug release to reflect the combination effect of several 
physical and chemical parameters, including solubility and particle 

size of the active ingredients [21]. Based on the results as seen in fig. 
4, the cumulative amount of EGCG penetrated from TEG and NTEG 
were 1391.17±34.89 μg/cm2 and 485.29±14.49 μg/cm2, respectively 
(p<0.05). Flux values of TEG and NTEG were 61.47±1.66 μg/cm2. h 
and 31.69±1.02 μg/cm2. h, respectively (p>0.05) as seen fig. 5. Flux 
can be obtained from the slope in fig. 4, taken in the steady state 

condition that follows the rule of Fick’s law [25]. There was an effect 
of TE to the time penetration of EGCG through the skin. The lag time 
for TEG was around 0.99±0.2 h, while NTEG was 8.69±0.2 h 
(p<0.05). The results showed that TE could increase the amount of 
EGCG penetrated and reduce the lag time significantly. However, the 
increase of flux of TEG was not significant when compared to NTEG. 

In vitro penetration study revealed that TEG exhibited superiority on 
the amount of EGCG penetrated compared to NTEG. It has been 
known that EGCG is a hydrophilic compound with a high polarity 
and molecular size. EGCG in TEG can more easily penetrate through 
the skin because it was entrapped inside the TE vesicle. TE can 
penetrate through the skin very well because it is composed of 
phospholipids which are similar to the composition of the lipid 

bilayer membrane in the stratum corneum. The results explained that 
there was an impact of partition coefficient in drug penetration due to 
the entrapment of EGCG from green tea in TE. The partition coefficient 
is one of the factors that can affect drug penetration [31-33]. 
Phospholipid which has the same partition coefficient with the lipid 
bilayer in the stratum corneum, helps the EGCG entrapped to 

penetrate easily through the skin. When the EGCG was not entrapped 
inside the vesicles, it would be blocked by the hydrophobic lipid 
bilayer membrane because it is very hydrophilic compounds. 

 

 

Fig. 4: Cumulative amount of EGCG penetrated from TEG and 

NTEG (control). (mean±SD (n=3); *P<0.05) 
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Fig. 5: Flux of TEG and NTEG (control). mean±SD (n=3) 

 

Furthermore, as explained above, the presence of Span 80 as an edge 
activator could also increase the flexibility of TE. Span 80 as an edge 
activator can destabilize the vesicle membrane, so it can more easily 
deform through the small gap [8]. Additionally, a high concentration 
of ethanol in TE can be a penetration enhancer, and it facilitates 
EGCG to penetrate through the skin. The ethanol can also work to 

increase the penetration of the vesicles through the skin by reducing 
the rigidity of the membrane so that it can increase skin 
permeability [23]. Thus, the compact structure of skin, which is 
represented by three distinct layers (stratum corneum, the viable 
dermis, and the papillary layers of the dermis), is not a problem 
anymore for many drugs [34]. 

CONCLUSION 

This research showed that many factors can influence drug 
entrapment efficiency of TE formula. It was also known that 
transethosomes caould enhance the stability of the extract in a gel 
dosage form. Additionally, it could improve the amount of EGCG 
penetrated and lag time of penetration but not for the flux. It can be 
summarized that transethosomes can be considered as an 

alternative solution to increase gel stability and penetration through 
the skin.  
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