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ABSTRACT

Objective: The aim of this study was to prepare transfersome-loaded microspheres which had good characteristics and physicochemical stability to 
increase bioavailability of the polyphenol component of green tea leaf extract in the body.

Methods: Transfersomes were prepared using a thin-layer hydration method. Green tea leaf extract transfersomes were formulated in the ratio of 
95:5, 90:10, and 85:15 based on their phospholipid and Span 80 content.

Results: The most successful formula produced transfersomes of a spherical shape, 78.75  nm in size with a polydispersity index of 0.187, zeta 
potential of −37.5 mV, and entrapment efficiency of 47.96±5.81%. Subsequently, the transfersome was loaded into a microsphere using the spray-dry 
method. The microspheres had a non-spherical, wrinkled shape, their size was 2058.44 nm, their polydispersity index was 0.545, their entrapment 
efficiency was 59.27±0.59%, their moisture content was 5.21%, and their swelling index was 289.36% after 4 h. The total cumulative amount of 
Epigallocatechin-3-gallate after a dissolution test was 69.15±7.66%.

Conclusion: The physicochemical stability of transfersome-loaded microspheres was not significantly different from that of transfersome powder.

Keywords: Dissolution profile study, Epigallocatechin gallate, Green tea leaf extract, Microsphere, Transfersome.

INTRODUCTION

Green tea is the most popular drink in Indonesian society and has 
become one of the country’s largest export commodities. Based 
on data compiled by the Food and Agriculture Organization of the 
United  Nations, Indonesia’s tea production was 152,700 tons/m2 in 
2013 [1]. Green tea leaf extract contains several major compounds, 
such as carbohydrates, proteins, and methyl xanthin. However, the 
largest and most interesting components are polyphenols, particularly 
catechins, such as epicatechin (EC), EC error (ECG), epigallocatechin 
(EGC), and EGC error (EGCG) [2]. During manufacturing green tea, the 
content is maintained in such condition to prevent oxidation.

Regular consumption of green tea has been proven to have many health 
benefits. Green tea leaves have potential anti-proliferative activity and 
synergistic antibacterial activity [3]. Epidemiological data suggest that 
green tea reduces a person’s risk of chronic and degenerative diseases, 
such as some cancers, cardiovascular disease, neurodegenerative 
diseases, diabetes, obesity, and Alzheimer’s disease. In addition, green 
tea also has antioxidant, anticarcinogenic, and anti-inflammatory 
properties [4]. Numerous studies have shown the beneficial effects on 
the regular intake of green tea in maintaining oral health [5]. However, 
many people dislike green tea due to its bitterness, which is caused by 
catechins. The catechins undergo degradation or epimerization due to 
the effects of temperature, pH, light, oxygen, and enzymatic reactions, 
all of which lead to decreased catechin efficacy in giving health benefits. 
Therefore, to achieve maximum benefits from green tea, techniques are 
required for preventing decomposition during tea production, storage, 
and distribution process [6] In general, active constituents present 
in plants or phytoconstituents are polar or water soluble, whereas 
the biological membrane that they must pass is rich in lipids  [7]. 
In 213.6±2.3  mg of EGCG consumption a test shows it produces a 
maximum concentration of 80±10 nmol/L [8].

To increase bioavailability of the polyphenol component in the body, 
green tea leaf extract can be combined with transfersome technology. 
Transfersomes were first introduced by Gregor Cevc in 1991 and were 
patented by the German company IDEA AG. Transfersomes can entrap 
active substances in the form of chemicals and natural materials [9]. 
Transfersomes are so elastic that they can penetrate the cell membrane, 
not only due to their amphetical nature but also because they can change 
shape [10]. Some studies indicate that an appropriate combination of 
different carrier systems can mask deficiencies of other carriers. One 
of the deficiencies of transfersomes is that they are susceptible to 
oxidative degradation. Therefore, ready-made transfersomes need to be 
protected using a microsphere system. Microspheres are a microparticle 
technology in which active substances are evenly distributed within the 
matrix system. The purpose of forming a microsphere system outside 
the transfersome is that the microspheres can protect the transfersome 
during storage [11].

In our previous investigation [12], sodium alginate mucoadhesive 
microspheres of maraviroc controlled the drug release for 8 hrs. To 
prolong the maraviroc release, improve mucoadhesion, bioavailability 
and to reduce dosing frequency, a suitable formulation was required 
with a controlled rate to treat anti-HIV patients. In the present study, 
mucoadhesive microspheres were developed using a hydrophilic 
polymer, Hydroxypropyl methylcellulose (HPMC K4M, K15M, and 
K100), and pectin in combination with sodium alginate.

MATERIALS AND METHODS

Determination of the EGCG content of extracts
The EGCG content was determined using high-performance liquid 
chromatography (HPLC) system consisting of a Shimadzu HPLC 
model LC-20AT, UV-Vis Detector SPD-20A, Column Shimadzu 
C18 (250×4.6 mm), Lab Solution data processor, and Prolink Integrator. 
Reverse-phase chromatography was used, and an isocratic motion 
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elution system with a 0.05% acetic acid action phase, acetonitrile 
(87:13  v/v), a flow rate of 1.0  mL/min, and a wavelength of 280  nm 
was used. A  system suitability test was performed first by injecting 
the EGCG standard into the system HPLC 6  times at a concentration 
of 500 µg/mL. The parameters observed are coefficient values of the 
variation in width and retention time obtained from six injections. 
Calibration curves were then produced for EGCG concentrations of 25, 
30, 35, 40, 45, and 50 µg/mL. Each concentration was injected into the 
HPLC system, and its width was noted. A calibration curve was produced 
using linear regression of the concentration, and width was obtained. 
Finally, 100 mg of the sample was extracted in a 25.0 mL mobile phase. 
Next, the analyte solution was filtered using a 0.45 µm microfilter and 
diluted 100 times with the mobile phase. Then, 20 µL of the filtrate was 
injected into the HPLC system. The experiment was repeated 3 times. 
The EGCG content was calculated based on a standard curve [12], and 
the EGCG concentration was calculated using the calibration curve 
equation (y=a+bx) where x, measurable concentration and y, height 
of area. The EGCG content in the sample was calculated by dividing 
measured concentration with spotted concentration then times 100%.

Antioxidant activity test: The 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
method
Antioxidant activity of the green tea leaf extract was determined and 
compared with that of DPPH. This test was based on the determination 
of the damping activity of green tea leaf extract samples to obtain 
an IC50 value of the extract [13]. First, the antioxidant activity of 
100  mL/mL DPPH solution was determined by determining the 
maximum wavelength on mixing 1  mL DPPH solution with 3  mL of 
methanol. Blank solution used was ascorbic acid at six concentrations 
(2, 3, 4, 6, 8, and 10 µg/mL), whereas the green tea leaf extract solution 
was prepared at concentrations of 1, 2, 3, 4, 5, and 6 µg/mL. Next, the 
test solution was prepared by dissolving 1 mL of each sample solution 
with 1 mL of 100 µg/mL DPPH solution and 2 mL methanol. Ascorbic 
acid solutions at various concentrations were subjected to the same 
treatment as the test solution. Each mixture was homogenized and 
incubated at room temperature (25–30°C) for 30 min. Then, antioxidant 
activity was tested using UV-Vis spectrophotometry. Absorption was 
measured at a wavelength of 400–800 nm with an optimum wavelength 
of 514  nm. Absorption data obtained were fed into the following 
inhibition percentage by dividing (control absorbance – sample 
absorbance) with control absorbance then times 100.

Transfersome formulation with green tea leaf extract
In the present study, 100 mL of each of three variations of transfersome 
formula (F1, F2, and F3) were produced. The formulations may be 
distinguished based on their Lipoid P30 and Span 80 contents (details 
of which are shown in Table 1).

Transfersomes were prepared according to the method used by Rajan 
and Vasudevan [14], with various modifications. The method comprises 
two stages, namely, the thin-layer process and the hydration process. 
The thin-layer process was conducted by dissolving Lipoid P30 and 
Span 80 in a chlorinated organic solvent. The solution was evaporated at 
39°C in a rotary evaporator at 50 rpm, gradually increasing to 150 rpm 
until the organic solvent evaporated and formed a thin, evenly spaced 
layer on the round flask wall. Once formed, nitrogen gas was added and 
the flask was allowed to stand in the refrigerator for 24 h.

In the hydration process, phosphate buffer (pH 5.5) was used to dissolve 
the green tea leaf extract, and the solution was put into the round flask 
with the thin layer of lipid produced during the first stage. Glass beads 
were used to hydrate all layers and promote homogenous transfersome 
suspension. The hydration process was conducted in a rotary evaporator 
at a rate of 150 rpm at 39°C without a vacuum. After completion, the 
transfersome suspension was subjected to ultrasonication for 10 min at 
25 amplitude and then centrifuged to separate the extracts absorbed or 
not absorbed by the transfersome.

Characterization of transfersomes
Characterization of the transfersome included determination of 
the particle size, measurement of the polydispersity index and zeta 
potential using a particle size analyzer, analysis of the transfersome 
morphology using a transmission electron microscope (TEM), and 
calculation of the efficiency of induction by dividing (EGCG total – EGCG 
supernatant) with EGCG total then times 100.

Transfersome microsphere formulation with green tea leaf extract
A breakdown of the composition of the transfersome microsphere 
formulation is given in Table 2.

Gum arabic was dissolved in Aqua Dest at a ratio of 1:2.7 at 60–80°C, 
whereas maltodextrin was dissolved in Aqua Dest at 40–60°C for 
1  h using a magnetic stirrer. The mixture of maltodextrin and gum 
arabic with the transfersome suspension was homogenized using a 
homogenizer at a rate of 1500  rpm. Then, the dispersion was dried 
in a spray dryer with an inlet temperature of 125°C and an outlet 
temperature of 60°C. The flow rate was 5  mL/min. The ready-
made microspheres were stored in a shelter. Then, the ready-made 
microsphere powder was immediately placed inside a sealed container 
and inserted into a desiccator.

Characterization of transfersome microspheres
Characterization of the transfersome included determination of the 
particle size and measurement of the polydispersity index using a 
particle size analyzer, morphology analysis of transfersomes using 
a scanning electron microscope (SEM), measurement of induction 
efficiency using an indirect method, and measurement of moisture and 
an index test for four microspheres using the following formula:

%Expand=
Final weight - initial weight

Initial weight
×100%

Transfersome microsphere dissolution test
This test was conducted in 100 mL phosphate buffer medium (pH 7.4) 
using a tea bag and performed on a hotplate at a temperature of 37°C 
and a magnetic stirrer at 100 rpm. Samples were taken at 0, 15, 30, 45, 
60, 120, 180, and 240 min; then, the concentration levels were tested 
by HPLC. Tests were performed with microspheric compounds and 
extracts as well as transfersome and extracts [15]. At the 45th  min, 
transfersome morphology was analyzed by TEM to confirm the 
presence of transfersomes inside the microspheres.

Linear regression: y=a+bx

W mg
Y a Fp M

b 1000
10

10( )=
− × ×
×

Table 1: Transfersome formulations

Substance Concentration (b/v)

F1 F2 F3
EGCG 3 3 3
Lipoid P30 9.5 9.0 8.5
Span 80 0.5 1.0 1.5
Phosphate buffer (pH 5.5) ad 100 ad 100 ad 100
EGCG: Epigallocatechin-3-gallate

Table 2: Microsphere formulation

Substance Concentration (b/v)

MT ST ME
EGCG 3 3 3
Maltodextrin 7.20 - 7.20
Gum arabic 4.80 - 4.80
MT: Transfersome microsphere, ST: Transfersome substance, ME: Microsphere 
extract
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W mg
Y a Fp M

b 1000

Y a Fp S

b 1000
15

15 10( )=
− × ×
×

+
− × ×
×

W mg
Y a Fp M

b 1000

Y a Fp S

b 1000

Y a Fp S

b 1000
30

30 15 10( )=
− × ×
×

+
− × ×
×

+
− × ×
×

W, cumulative weight of EGCG described at n min; Y, width at n min; a, 
y-intercept; Fp, dilution factor; M, volume of medium used; b, gradient

Stability test
This test was performed by storing 5 g of transfersome microspheres in 
a brown vial for 12 weeks at 4°C, 28°C, and 40°C. Every 2 weeks, 100 mg 
of the sample was taken and tested for antioxidant activity using DPPH. 
Transfersome samples of green tea leaf extract dried using the spray 
drying technique were used as controls [16].

RESULTS AND DISCUSSION

Results
Determination of EGCG levels in green tea leaf extract
Based on six standard injections of 300 µg/mL into the HPLC system, 
the retention time was between 17 and 18 min. Based on the system 
suitability test, the percentage coefficient of variation from the peak 
was 0.75%, whereas based on the retention time, it was 1.12%. The 
linear regression equation obtained was y=30280x−400552, with 
r=0.9939. Subsequently, EGCG level on a sample was determined using 
approximately 40 µg/mL green tea leaf extract. The peak of the obtained 
chromatogram is included as y in the linear regression equation, which 
gives an average EGCG level of 53.80±1.19%.

Antioxidant activity of green tea leaf extract
The IC50 value of the green tea leaf extract was 1.33 µg/mL, whereas 
that of ascorbic acid was 2.60 µg/mL.

Characterization of transfersomes
Transfersome morphology was examined using TEM. This indicated 
that the transfersomes were spherical in shape and that the extract was 
surrounded by a phospholipid layer with a surfactant as shown in Fig.1.

The formulation selected for microspherical transfersomes was F1, as it 
had the smallest particle size, a polydispersity index ≤0.5, zeta potential 
≥±30 mV, and the largest absorption efficiency.

Characterization of transfersome microspheres
SEM microphotographs showed that the microspheres were of varying 
sizes, non-spherical in shape, and tended to crease as shown in Fig. 2. 
The results of the particle size distribution test on transfersome 
microspheres showed that the average powder had particles of 
2058.44  nm in size with a polydispersity index of 0.545. Results of 
the efficiency analysis showed that the average adsorption efficiency 
was 59.27±0.59%. In the 1st week of testing, the water content of the 
transfersome microsphere formulation was 5.21%, whereas that in the 
transfersome powder was 4.41% (Fig. 3).

Transfersome morphology in microspheres after dissolution
The morphology of green tea leaf extract transfersomes that had been 
inserted into microspheres was examined after 45  min of samples 
dissolution. The results are shown in Fig. 4.

Transfersome microsphere stability test
The microsphere stability test was performed for 12  weeks at three 
temperatures: 4°C, 28°C, and 40°C. The reference parameters were 
transfersome microsphere antioxidant activity and the green tea 
leaf transfersome powder. Changes in IC50 occurring at each week 
were calculated and statistically analyzed using t-tests between two 
variables based on the mean values of each variable. The test results 
showed that there was no significant difference between transfersomes 
and transfersome powder at any temperature (p>0.05) as shown in 
Table 3.

Fig. 2: Microsphere morphology

Fig. 3: Epigallocatechin-3-gallate release rate curve

Fig. 4: Transfersome morphology in the microspheres in the 
dissolution sample

Fig. 1: Transfersome morphology (a) F1, (b) F2, and (c) F3

cba
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Dissolution test
This test was performed on transfersome microspheres, transfersome 
powder, and extract microspheres for 4  h. After three tests on 
transfersome microspheres, the last cumulative percentage of EGCG 
at the 4th  h was 69.15±7.66%, whereas that of the transfersome 
powder was 36.56±0.99% and that of the microsphere extract was 
108.78±1.38% as shown in Fig. 3.

Determination of EGCG levels in green tea leaf extract
HPLC was chosen for determining EGCG levels due to its high sensitivity 
and selectivity; the HPLC method is viable even with low concentrations 
of samples and can separate EGCG from other components present in 
the extract [17].

The phase of motion used in this study was based on that used by 
Fangueiro et al., with some modifications [12] Fangueiro et al. [12] used 
0.1% acetic acid, but because the pH of the mobile phase was still too 
low, in this study, 0.05% acetic acid and acetonitrile at a ratio of 87:13, 
with a pH between 3.5 and 4.0, was used. The pH was adjusted to a 
pH at which EGCG was stable. Before the determination of the level, 
the system suitability test was performed. The method used has been 
validated previously, but because a different test system was be used, 
six standard injections of 300 µg/mL were introduced into the HPLC 
system [18]. The retention time differed between the present study 
and the method already validated; in the former, the retention time 
was between 17 and 18 min, whereas in the latter, the retention time 
was between 12 and 13 min. This is because the previous study used a 
column with a length of 10 cm, whereas, in this study, we used a column 
with a length of 25 cm [12].

After the system suitability test, the percentage coefficient of variation 
from the peak was 0.75%, whereas, from the retention time, it was 
1.12%. From these results, it is clear that this method may be used for 
EGCG assay analysis. The correlation coefficient was acceptable because 
the value of r was close to 1.

Green tea leaf extract antioxidant activity test
The test was performed using DPPH. The method is based on the principle 
of colorimetry, in which the color of the DPPH solution in methanol will 
change from purple to yellow after being given antioxidants. These color 
changes occur due to the reduction of DPPH˙ to DPPH2 by hydrogen 
elements derived from antioxidant compounds [19].

The value of IC50 obtained using the green tea leaf extract was 1.33 µg/mL, 
whereas that obtained using ascorbic acid was 2.60 µg/mL. These results 
indicate that green tea leaf extract exhibits stronger antioxidant activity 
than ordinary ascorbic acid. This is due to the presence of other chemical 
substances in the extract that can also function as antioxidants, such as 
catechins other than EGCG and other flavonoid compounds [20].

Characterization of green tea leaf extract transfersomes
As can be seen from data in Table  4, F1 produced transfersomes of 
78.75  nm, whereas F2 and F3 produced transfersomes of 101.70 
and 91.39  nm. The lower the HLB value of the surfactant used, the 
smaller the particle size produced [21]. In addition, the greater the 
amount of surfactant used, the smaller the size will be because more 
surfactant produces more micelles than vesicles and the latter tend to 
be larger [22]. Compared with the results obtained by this study, there 
is a discrepancy in F1. Thus, in the efficiency analysis of absorption, 
the formula with the highest absorption efficiency was F1, whereas 
the second is F2 followed by F3. High F1 absorption efficiency is due 
to F1 having a higher amount of phospholipids than other formulas; 
therefore, there is more EGCG protected within it. Although in a study 
conducted by Jain et al. with the same three formulas used in this study, 
the efficiency of adsorption was above 90% [22] due to different types 
of phosphatidylcholine and active ingredients used and the results of 
the utilization efficiency were also different. In addition, the amount 
of surfactant contributes to the efficiency of adsorption. The greater 
the amount of surfactant, the greater the efficiency of adsorption. 
This is because there will be vesicles and micelles in the suspension; 
due to their rigidity and small size between the mixture of micelles, 
the efficiency of their adsorption will be reduced [21]. The selected 
formula for transfersome microspheres with green tea leaf extract was 
F1 because it resulted in the smallest particle size and efficiency the 
greatest impulse.

Characterization of transfersome microspheres
The results of the particle size distribution test on transfersome 
microsphere formulation of green tea leaf extract showed that the 
average powder was 2058.44  nm in size with a polydispersity index 
of 0.545. A  polydispersity index >0.5 indicates that the particles are 
heterogeneous, and the volume-based distribution data are more 
appropriate to list [23]. In the 1st week of the test, a water content value 
of 5.21% was recorded in the transfersome microsphere, whereas that 
in the transfersome powder was 4.41%. This shows that the presence 
of maltodextrin and gum arabic tends to attract water [6]. The index 
test shows that the transfersome microsphere expands up to 289.36% 
after 4 h.

Dissolution test
After three tests on transfersome microspheres, the last cumulative 
percentage of EGCG at the 4th  h was 69.15±7.66%, whereas that of 
the transfersome powder was 36.56±0.99% and that of microsphere 
extract was 108.78±1.38%. From these results, it can be seen that 
maltodextrin and gum arabic can accelerate the dissolution rate based 
on the nature of each hydrophilic polymer [6]. The existence of the 
transfersome inhibits EGCG expenditure from its matrix because of its 
depot-like characteristic [22]. Based on the results of the expanding 
index in the present study, it can be concluded that preparations with 
large expanded indices have slower dissolution profiles.

Transfersome morphology in microspheres after dissolution
The morphology of green tea leaf extract transfersomes that had been 
inserted into microspheres was examined after dissolution for 45 min. 
The sample at the 45th min was chosen because it was estimated that 
at that minute, the microsphere wall would begin to collapse and the 
transfersome could be seen again. The purpose of this test was to 
prove that the transfersome was still in its original form despite having 
been stirred at high speed and dried using a dry spray method. The 

Table 3: Mean changes in IC50 of microspheres and 
transfersome powders at each week

Temperature (°C) Mean IC50 changes per week p value

MT (µg/mL) ST (µg/mL)
4 0.137 0.127 0.46
28 0.049 0.053 0.44
40 0.060 0.082 0.33

Table 4: Summary of results of the characterization of EGCG transfersomes

Formula F1 F2 F3
Vesicle morphology Spherical Spherical Spherical
Particle size (nm) 78.75 101.70 91.39
Polydispersity index 0.187 0.331 0.293
Potential zeta (mV) −37.5 −55.3 −52.1
Efficiency of adsorption (%) 47.96±5.81 38.97±2.08 31.53±7.50
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transfersome remained inside the microsphere after examination using 
a TEM (Fig. 4).

Transfersome microsphere stability test
The microsphere stability test was performed for 12  weeks at three 
temperatures: 4°C, 28°C, and 40°C. There was no significant difference 
between transfersome and transfersome powder at any temperature 
(p>0.05). However, the microsphere at 28°C had the lowest average 
value of change compared with those stored at other temperatures. 
From these data, it can be seen that it is best to store microspheres at 
room temperature. This is supported by the results of the water content 
test obtained after 1.5 months of storage, indicating that when stored at 
4°C, the water content of the microspheres increases due to an increase 
in the absorption of moisture by the microsphere, which causes a 
decrease instability [6,24]. Similarly, in transfersome powder, the 
smallest IC50 changes occur at 28°C. However, transfersome powders 
have an average value of IC50 changes that are smaller than that of 
transfersome microspheres, although the difference is not significant.

CONCLUSION

The characterization results of the three green tea leaf transfersome 
formulations showed that the first formula had the best characteristics. 
Once transfersomes were prepared, the microsphere formula had 
a faster dissolution rate than the transfersome powder. However, 
transfersome microspheres and transfersome powders do not have 
significant differences with respect to stability; both substances may be 
stored at room temperature.
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