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ABSTRACT
Objective: Curcumin penetration can be increased by formulating it into the transethosome system. Surfactant is one of the transethosome
components that affect the physical properties and penetration of vesicles. In this study, a combination of two surfactants was used to see the effect
of surfactants on physical properties and curcumin penetration.

Methods: This study used a combination of tween 60 and span 60 with a concentration ratio of 0:5 (F1), 1:1 (F2), 2:1 (F3), and 1:2 (F4). An
evaluation included testing the distribution of particle size, zeta potential, and entrapment efficiency in the system. Evaluation continued with the
determination of the diffusion rate in vitro.
Results: The transethosome system formed has a particle size of 167.9±4.7 nm-396±3.7 nm with a potential zeta value (-) 49.54±1.77 mV-(-)
59.05±0.95 mV, polydispersion index 0.0%-57.1% and entrapment efficiency of 83.76%-93.75%. The diffusion rate of F1 and F3 followed the
Higuchi kinetics model, while F2 and F4 followed zero-order kinetics and the Korsmeyer-Peppas kinetics.

Conclusion: The combination of tween 60 and span 60 could form a nano-sized transethosome of curcumin. Diffusion rate testing results show that
using a surfactant combination can increase the diffusion rate of curcumin, where there is a significant difference between each formula (p<0.05).
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INTRODUCTION
Curcumin is a yellow compound in turmeric (Curcuma
longa Linn) and has activities such as antimicrobial, antiinflammatory, antioxidant, and anticancer. Curcumin has low
solubility in water, is metabolized first by causing its
bioavailability to decrease [1]. This problem can be overcome by
formulating curcumin into the form of a transethosome delivery
system. Transethosome is
a
lipid
vesicle
originating
from transfersome and ethosome,
characterized
by
high
surfactants and ethanol concentration. Surfactant is a component
that affects transethosome penetration. Surfactants have a role in
elasticity and penetration in the transethosome system [2, 3].

Previous research showed that the transethosome system could
increase voriconazole penetration and has a higher penetration rate
than the liposome and ethosome system [4]. Shen et al (2015)
researched transethosome vesicles technology using a single
surfactant tween 60 or span 60. The study showed that
transethosomes could increase penetration rate but produce unstable
vesicles [5]. The effect of increasing the penetration rate of drug-using
the transethosome system was seeing in the results of research
conducted by Garg et al. (2017). In that study, the surfactant used was
span 80 with a concentration of 77.64% and produced a stable vesicle
system [6]. However, surfactants with high concentrations can irritate
the skin, so it needs a combination of surfactants to reduce irritation to
the skin and has expected to increase the vesicle penetration rate.

Surfactants that can enter the phospholipid bilayer are tween 60 and
span 60. Tween 60 and span 60 are nonionic surfactants that can
maintain a balance between hydrophilic and lipophilic groups, nontoxic, and, when combined, have low potential to cause
hypersensitivity reactions [7]. Therefore, it is necessary to research
the effect of using tween 60 and span 60 as surfactants on the physical
properties and diffusion rate of curcumin transethosome.

MATERIALS AND METHODS
Materials

Curcumin (Gift from Insular Multi Natural, Indonesia), lecithin
(Purchased from Sunshine, Indonesia), tween 60 (Purchased from
Clorogen, Indonesia), span 60 (Purchased form Clorogen, Indonesia),
millipore membrane (Purchased form Asian, Indonesia), ethanol,
sodium hydroxide, potassium dihydrogen phosphate (Purchased
form Merck, Indonesia).
Methods

Formulation and production of curcumin transethosome
This research is an experimental study that makes
transethosome curcumin with the various surfactant concentration
(tween 60 and span 60) and continues to observe the physical
properties of the transethosome system. The formula of
transethosome curcumin showed in table 1.

Table 1: Formulation of transethosome curcu min

No.

Material

1
2
3
4
5
6

Curcumin
Lechitin
Tween 60
Span 60
Ethanol
Aquades ad

Formula (%)
F1
1
10
5
30
100

*Each batch contains three transethosome in each formula, values are in % w/w
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F2
1
10
2.5
2.5
30
100

F3
1
10
3.33
1.67
30
100

F4
1
10
1.67
3.33
30
100
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Transethosome curcumin made using the cold method. Lecithin was
dispersed with ethanol at 30 °C (lipid phase). Surfactants and curcumin
are added into the lipid phase and homogenized with a magnetic stirrer
at 750 rpm for 5 min to form a colloidal system. Then add water to the
colloidal system little by little in a constant flow, stirring for 5 min to
form a suspension of transethosome curcumin vesicle. The size of the
vesicles was reduced by sonication for 15 min [3, 8].

Evaluation of transethosome containing curcumin

Determination of particle size, polydispersity index, and zeta
potential
Determination of particle size distribution, polydispersity index
value, and potential zeta value were measured using a particle size
analyzer (Delsa Nano Beckman Coulter, USA) [3, 9].

Determination of entrapment efficiency of curcumin

The determination of curcumin entrapment efficiency was done by
centrifugation method at a speed of 4000 rpm for 2 h. Sediment
dissolved with ethanol, taken 10.0 ml, then put into a 100.0 ml
measuring flask. Ethanol is added to the measuring flask boundary
line. The solution was measured with a UV/Vis spectrophotometer
(Shimadzu, Japan) at a wavelength of 425.5 nm. The concentration of
absorbed curcumin obtained converted to a unit of weight, and the
percent entrapment efficiency calculated using the formula [10]:
% Entrapment ef�iciency
Amount of entrpament curcumin
x 100%
=
Total curcumin

Transethosome diffusion test

The diffusion test was carried out using a millipore membrane
placed between two parts of the diffusion cell. The receptor
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compartment was conditioned at 37 °C by flowing water of
the same temperature in
a water bath. The receptor compartment
filled with phosphate buffer pH 7.4 and ethanol as much as 5 % to
150 ml, then 1 ml of the test sample applied to the membrane
surface. Samples were taken 5 ml at interval times for 8 h. Every
sampling was replaced by phosphate buffer pH 7.4, with the addition
of 5% ethanol. Absorption was measured at a wavelength
of 421.0 nm. The absorbance value obtained was entered into the
linear regression equation to find the diffused percent. Then a curve
is made between percent diffused with time [11].
Analysis of diffusion rate kinetics model

The equation line regression linear for each diffusion rate kinetics
was made by zero-order kinetics, first-order kinetics, Higuchi model,
and Korsmeyer-Peppas model [12, 13].
RESULTS AND DISCUSSION

The particle size distribution and potential zeta value are the most
important physical properties of the transethosome. Transethosome is
a lipid-based delivery system that is involved in the nanoparticle
delivery system. The nanoparticle delivery system is a delivery
system that has a particle size of 1-1000 nm [14].
The results obtained from this test showed in table 2. Table 2
showed the average transethosome curcumin particle size of each
formula, still in the nanometer criteria (1-1000 nm). This result
proves the formula and conditions for making transethosome
curcumin produce vesicles with nanometer size with polydispersion
percent values 0.0-57.1. The polydispersion index value is a
parameter that shows the particle size distribution of the dispersion
system. The smaller the polydispersion index value, indicate more
homogeneous the system’s particle size [15].

Table 2: Test results of the particle size, polydipersion index and zeta potential of transethosome curcu min

Formula
F1
F2
F3
F4

Test result
Particle size (nm)
350.4±6.7
263.4±2.4
396.0±3.7
167.9±4.7

*All values were expressed as (Avg±SD, n=3) observations

Polydispersion (%)
0.0
57.1
0.0
57.1

Zeta potential is an important parameter for characterizing
nanoparticles, aimed at predicting the stability of colloid
solutions. Nanoparticles with potential zeta values above (+/-) 30
mV should be showed to be stable because surface charges prevent
particle aggregation [15, 16]. The potential values obtained from
each of these formulas are-52.54±0.93 mV; -49.54±1.77 mV; 50.10±0.52 mV; -59.05±0.95 mV. These results showed that each of
the transethosome formulae is stable because the values of zeta
potential obtained above the value of-30 mV, so the possibility of
smaller particle aggregation.

Zeta potential (mV)
-52.54±0.93
-49.54±1.77
-50.10±0.52
-59.05±0.95

The entrapment efficiency value of curcumin showed in fig. 1. The
results showed that curcumin entrapment efficiency was still above
80%, so it was concluded that transethosome could entrap curcumin
quite well. The entrapment efficiency value also shows the use of a
combination of surfactants can increase the entrapment efficiency,
where the entrapment efficiency of F2 with a ratio of Tween and Span
1:1 (F2) was the system with the highest absorption efficiency. These
results following the results of research conducted by Lv et al., where
the results obtained indicate that the combination of tween-span
nonionic surfactants will increase entrapment efficiency [17].

Fig. 1: Percentage value of entrapment efficiency of curcumin (Avg±SD, n = 3)
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The cumulative amount of curcumin diffused through the millipore
membrane of F1, F2, F3, and F4 for 8 h. The cumulative amount of
curcumin showed that the surfactant combination provides better
penetration ability than a single surfactant. Based on these results,
the highest amount of diffused curcumin was at F4 with a ratio of
tween 60 and span 60 (2:1). This result was influenced by particle
size. The particle size of F4 is 167.9±4.7 nm. The smaller the particle
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size, the greater the surface area, causing rapid drug release
[18]. Based on the cumulative amount of diffused curcumin, it could
calculate the diffused curcumin cumulative presentation of each
formula was 23.02±2.12%, 33.11±2.4%, 24.85±0.5%, 93.77±0.29%.
The transethosome diffusion test curcumin results can then be
analyzed to determine the drug release mechanism from the
transethosome system (fig. 2).

Fig. 2: Diffused cumulative amount of curcumin (F1 (-♦-); F2 (-■-); F3 (-▲-); F4 (-×-))

The mechanism of drug release can know by calculating the linearity
value of several drug release equations, such as zero-order kinetics

(fig. 3), first-order kinetics (fig. 4), Higuchi (fig. 5), and KorsmeyerPeppas (fig. 6) [13, 19, 20].

Fig. 3: Zero-order drug release kinetic (F1 (-■-); F2 (-▲-); F3 (-×-); F4 (-♦-))

Fig. 4: First-order drug release kinetic (F1 (-■-); F2 (-▲-); F3 (-×-); F4 (-♦-))
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Fig. 5: Higuchi model of drug release kinetic (F1 (-■-); F2 (-▲-); F3 (-×-); F4 (-♦-))

Fig. 6: Korsmeyer-peppas model of drug release kinetic (F1 (-■-); F2 (-▲-); F3 (-×-); F4 (-♦-))
The results of the analysis of drug release mechanisms showed in
table 3. The highest coefficient (R) in the table shows that the
diffusion rate kinetics in F1 and F3 follows the Higuchi kinetics
model. Drug release that follows the Higuchi kinetics model
illustrates drug release affected by the time [19, 20]. The release
kinetics of F2 follows zero-order kinetics with a value of R =
0.9942. The kinetics of zero-order release describes the release of
drugs slowly and always constant over time. Increased drug

concentration is directly proportional to time. The kinetics of the F4
release followed the Korsmeyer-Peppas kinetics (R = 0.9872) with
an n value of 0.1484. The value of n obtained is lower than that set
by Ritger and Peppas, which is<0.45. The low value of n is likely due
to the large size and erosion distribution [19]. The value of n
obtained can determine that the process occurs through the Fickian
diffusion mechanism [13, 20]. In Fickian diffusion, the rate of release
is independent of the drug concentration [18].

Table 3: Curcumin transethosome diffusion rate kinetics*

Formula

Parameter

F1

R
k
n
R
k
n
R
k
n
R
k
n

F2
F3
F4

Diffusion rate kinetics
Zero-order (t, Qt/Qo)
0.9776
0.5383
0.9942
1.0682
0.9256
0.8309
0.9676
2.7019
-

First-order one (t, ln Qt/Qo)

0.8837
0.0042
0.9295
0.0043
0.7887
0.0036
0.9443
0.0057
-

*All values were expressed as a summary of the observations

Higuchi (√t, Qt/Qo)
0.9948
13.3708
0.9902
25.9698
0.9944
12.9101
0.9532
13.3708
-

Korsmeyer-peppas (ln t, ln Qt/Qo)
0.6698
37.9701
0.1111
0.9802
88.5617
0.1066
0.8858
67.6806
0.0977
0.9872
66.1947
0.1484

CONCLUSION
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The combination of tween 60 and span 60 as a surfactant could form a
nano-sized transethosome of curcumin with an entrapment efficiency
above 80%, and diffusion rate testing results show that the use of a
surfactant combination can increase the diffusion rate of curcumin.
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