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ABSTRACT
Objective: This research was carried out to optimize luteolin-loaded transfersome formula with independent variables such as lipid–surfactant (total
lipid) concentration and luteolin concentration.

Methods: Luteolin-loaded transfersome was optimized by response surface methodology based on four parameters, namely, particle size (Z-average),
polydispersity index, zeta potential, and entrapment efficiency. The transfersome formula was prepared using central composite design, and the
selected independent variables were the total lipid (mixture of phospholipid and Tween 80) and luteolin concentrations. 14 formulas of luteolinloaded transfersome were prepared by thin film hydration, followed by the sonication method.
Results: The total lipid and luteolin concentration significantly affected the entrapment efficiency only. The other parameters were not affected by a
change in these variables. The optimum formula of 4.88% total lipid and 0.5% luteolin with desirability value of 0.609 conformed with the prediction
parameters. Vesicle imaging using transmission electron microscopy revealed spherical particles and the occurrence of particle aggregation. The
optimum formula of luteolin-loaded transfersome possessed the following characteristics: Particle size of 286.03±8.46 nm, polydispersity index
of 0.480±0.013, zeta potential of -18.67±0.379 mV, and entrapment efficiency of 94.97±0.28 %. However, these values did not correspond to the
predicted values and were confirmed by the low adjusted and predicted R-squared values.
Conclusion: This method can be applied to optimize the entrapment efficiency, and in the future, it can be used for further optimizing formula of
transfersome by including more variables.
Keywords: Central composite design, Entrapment efficiency, Luteolin, Response surface methodology, Transfersome.
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INTRODUCTION
Luteolin is a chemical compound found in celery, chamomile flower,
broccoli, and nutshell. It is a flavonoid present in plants in the aglycone
form and glycoside (bonds with sugar molecules), such as cynaroside
(luteolin 7-O-glycoside) [1]. It has the potential for the treatment of
inflammation or gout owing to its anti-inflammatory activity and xanthine
oxidase inhibition. The structure–activity relationship indicates that the
presence of hydroxyl group at positions 7 and 5 in flavonoids significantly
lowers the xanthine oxidase IC50 value [2]. However, the poor solubility
and permeability of luteolin through epithelial and gastrointestinal tissue
can hamper its formulation [3]. Moreover, in intestinal mucus, luteolin is
glucuronidated before being released into blood circulation [4]. Therefore,
drug administration through the skin is supported to overcome the
metabolism problem and increase the bioavailability of the drug.
Stratum corneum is a barrier for drug penetration because it consists
of high-density corneocyte layers. Drug delivery systems help enhance
drug penetration through the skin. Transfersome, a lipid-based vesicle,
contains lipid and a surfactant as an edge activator, which makes it
deformable. Deformable transfersome can penetrate into the deeper
layer of skin and deliver the drug, while conventional liposome remains
in the upper layer of the stratum corneum and accumulates on the
skin appendages [5]. Factors such as lipid-surfactant concentration,
surfactant–lipid ratio, and drug concentration affect the characteristics
of transfersome. The entrapment efficiency is increased by decreasing
the drug–lipid surfactant ratio while it is decreased by increasing the
drug concentration [6]. Therefore, these factors must be optimized to
obtain optimum characteristics of transfersome.
Experiments were designed to determine the effect of the independent
variables (factor) on the dependent variable (parameter/response) of

a process or formulation [7]. Response surface methodology (RSM),
one of the designs of experiments, is a powerful tool for determining
the relationship between a response and a set of quantitative involved
factors [7,8]. RSM is a technique used to find the optimum response
by using the quadratic polynomial model [8]. The advantage of RSM
is the reduced amount of experiments required, thereby reducing
the cost of expensive analysis methods [9]. The application of RSM
is useful for understanding or mapping a region of response surface,
finding the variable level of optimum response, and selecting the
process condition or formula to meet the specifications [10]. This
research was carried out to optimize luteolin-loaded transfersome
formula with independent variables such as lipid–surfactant (total
lipid) concentration and luteolin concentration. The optimum formula
was obtained from RSM by optimization of four different parameters,
namely, particle size (Z-average), polydispersity index, zeta potential,
and entrapment efficiency.
METHODS

Phospholiphon 90H was purchased from Lipoid (Germany), Tween 80
was obtained from Sigma (Switzerland), and luteolin was purchased
from Chemfaces (China).
Experimental design
The experiment was carried out using Design Expert version 7.0.0 trial.
Central composite design (CCD) was selected to determine the formula
of the experiment, which involved two independent factors, namely,
phospholipon 90H–Tween 80 concentration and luteolin concentration.
Four parameters of transfersome were optimized, namely, particle
size (Z-average), polydispersity index, zeta potential, and entrapment
efficiency. The correlation values of the total lipid and luteolin
concentration to the parameter values were analyzed using RSM. The
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optimum formula and predicted parameter values were obtained by
overlay plots of each parameter criteria by RSM.

Transfersome preparation
Luteolin-loaded transfersome was prepared by the thin film hydration
method followed by sonication. This method was adopted from
Zaafarany et al. with some modification [6]. The total lipid, consisting
of phosphatidylcholine and Tween 80, was added with luteolin. It was
dissolved in an organic solvent mixture of chloroform and methanol
(2:1, v/v) by stirring for 30 minutes. The solution was transferred into a
round bottom flask, and the organic solvent was removed by evaporation.
Evaporation was conducted using a rotary evaporator (Heidolph
Laborota 4011) under reduced pressure at 56°C. Thin film forming
and hydration should be carried out at a temperature higher than the
transition temperature (Tc). Phospholipon 90H is in a powder state at
room temperature, so thin film formation occurs at a temperature above
55°C [11]. The rotation speed was controlled to below (75 rpm) at the
beginning, and it was increased (up to 125 rpm) as the solvent amount
decreased. The thin film was sprayed with nitrogen gas and stored in a
desiccator to remove the residual solvent. Further, the film was hydrated
with a phosphate buffer solution (pH = 7.4) in a rotary evaporator
without pressure at 56°C for 1 hr. The film swelled and was detached
from the round flask wall. The suspension was stirred for 30 minutes,
and sonication was continued by using a probe sonicator for 30 minutes.
All transfersome formulas were prepared by the same method according
to each composition, as shown in Table 1.
Determination of particle size and polydispersity index
Particle size and index polydispersity were determined using a particle
size analyzer (Malvern nanosizer and zetasizer). The transfersome
suspension was dispersed in distilled water and then transferred into
a disposable cuvette. The measurements were repeated for a minimum
of 3 times, and the resulting particle size average, i.e., Z-average,
was selected as the particle size value. The polydispersity index was
determined to evaluate the particle distribution of transfersome.
A polydispersity index of 0-0.05 is called monodisperse, 0.05-0.08 is
almost monodisperse, 0.08-0.7 is mid-range monodisperse, and >0.7 is
polydisperse [12].
Measurement of zeta potential
The zeta potential was determined using a zetasizer (Malvern zetasizer).
The transfersome suspension was dispersed and then transferred into
disposable cuvette. A zetasizer probe was placed into the cuvette, and
care was taken to ensure no air bubbles were present in the cuvette.
The zeta potential represents the stability of the suspension, and a
highly positive or negative value leads to repulsion force that helps
avoid particle aggregation. A zeta potential value higher than ±30 mV
indicates good stability, and one higher than ±60 mV indicates perfect
stability. A zeta potential value of ±20 mV indicates short-term stability,
and one lower than ±5 mV indicates fast aggregation [13].
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Entrapment efficiency
Entrapment efficiency was calculated in terms of the luteolin content.
Luteolin-loaded transfersome was separated from the untrapped drug
by centrifuging at 14000 rpm at 4°C for 1 hr. The supernatant was
collected, diluted with methanol, and assayed using high-performance
liquid chromatography (HPLC). HPLC was performed using the Knauer
K-1001 equipped with an online solvent degasser, autosampler, and a
diode array detector. The chromatographic conditions were adopted
from the study by Lou et al. with some modifications [14]. Samples were
analyzed using the C18 column (250 mm × 4.6 mm, 5 µm), with a mobile
phase consisting of 5% glacial acetic acid and methanol (30:70 v/v) and
a constant rate of 1 mL/minutes. The injection volume was 20 µL, and
luteolin was detected at 350 nm. The entrapment efficiency of luteolin
was calculated by the equation below:
EE(%) = {(Ct-Cr)/Ct}×100%

Where Ct is the total concentration of luteolin, and Cr is the concentration
of free (untrapped) luteolin [4].
RESULTS AND DISCUSSION

Optimization of luteolin-loaded transfersome using CCD and RSM
CCD was applied to optimize the formulation. The characteristic
parameters of each formula are presented in Table 1.
Total lipid and luteolin concentration showed no effect on particle size,
polydispersity index, and zeta potential, but influenced the entrapment
efficiency of the luteolin-loaded transfersome

The lowest and highest PDI values were 0.280 and 0.557, respectively
(Table 1). The luteolin-loaded transfersome was found to be mid-range
polydisperse [12]. The correlation values of the total lipid and luteolin
concentration on the polydispersity index are listed in Table 2. The total
lipid concentration did not affect the PDI, and the luteolin concentration
had a weak effect on the PDI. This result was in contrast to that obtained
by Suhaimi et al. (2015), which showed that a higher concentration of
lipid particles and active ingredient led to a higher PDI value [15]. In
this study, the PDI tends to decrease at high concentrations of the total
lipid and low concentration of luteolin. The response surface of PDI
based on the 2-factor interaction (2-FI) model with adjusted R-squared
was 0.2110 and predicted R-squared was 0.0170. The interaction of the
total lipid and luteolin concentration did not affect the PDI value and
was ineffective in predicting the PDI value in the subsequent testing.
RSM revealed the effect of total lipid and luteolin concentration on
particle size, polydispersity index, zeta potential, and entrapment
efficiency, as shown in Table 2. A negative correlation value meant an
inverse relationship.

Table 1: Parameter values of luteolin‑loaded transfersome

Total lipid
concentration (%)

Luteolin
concentration (%)

Z‑average (d.nm)

Polydispersity
index (PDI)

Zeta
potential (mV)

Entrapment
efficiency (%)

5.00
2.17
3.00
5.00
3.00
7.00
5.00
7.00
7.83
5.00
2.17
7.83
2.17
7.83

0.75
0.75
1.00
0.75
0.50
0.50
1.10
1.00
0.75
0.40
0.40
0.40
1.10
1.10

267.3±9.7
245.7±17.0
375.6±4.4
270.5±2.2
220.0±2.9
216.5±13.7
210.8±5.5
422.9±70.9
295.3±24.5
262.9±15.4
260.9±9.1
259.7±1.5
470.4±12.1
311.7±22.8

0.327±0.033
0.557±0.010
0.497±0.035
0.379±0.062
0.474±0.034
0.429±0.017
0.501±0.045
0.556±0.076
0.492±0.042
0.543±0.079
0.466±0.035
0.280±0.030
0.543±0.023
0.545±0.042

−18.1±1.4
−20.4±3.1
−28.1±0.7
−17.3±0.5
−18.1±1.8
−18.1±1.2
−15.8±0.9
−18.4±0.5
−21.3±2.9
−24.1±1.3
−20.1±0.8
−13.6±0.6
−24.2±1.0
−17.3±0.2

92.22±2.17
85.21±4.24
86.44±0.24
92.39±3.33
92.64±2.28
96.35±0.75
89.38±0.95
93.24±1.46
95.24±1.10
96.99±1.49
90.84±0.59
98.62±0.84
79.26±1.13
93.89±2.64
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Table 2 summarizes that the total lipid concentration did not affect the
particle size. Luteolin concentration affected the particle size through a
weak correlation. In this research, the same concentration of total lipid
gave different particle size averages. Similarly, the same concentration
of luteolin gave different particle size averages. The particle size
average depends on the particle size reduction process. Particle size
reduction using a conventional method (sonicator) has disadvantages,
such as heat production, possibility of chemical degradation of drug,
and non-uniform particle distribution [16]. The top-down method of
nanoparticle preparation sometimes retained unreduced particles and
showed bimodal size distribution [17]. Moreover, in the use of powder
phosphatidylcholine, it was difficult to control thin film formation
during solvent evaporation [18]. The response surface of particle
size followed a cubic model with adjusted R-squared and predicted
R-squared of 0.5830 and -2.3409, respectively (Table 3).
The interaction of the total lipid and luteolin concentration did not
affect the particle size and was ineffective in predicting the particle size
average during subsequent testing. The correlation of total lipid and
luteolin concentration on the particle size parameter is shown in Fig. 1a.
The plot contour of particle size shows no effect on particle size, while
an increase in the luteolin concentration increased the particle size.
A small particle size average was obtained from a low concentration of
the total lipid and luteolin.
The correlation of the total lipid and luteolin concentration on the PDI
parameter is shown in Fig. 1b. The plot contour of the PDI parameter
shows that the formula of low concentration of the total lipid and high
concentration of luteolin resulted in a higher PDI value and the formula
of high concentration of the total lipid and low concentration of luteolin
resulted in a lower PDI value. However, the range of PDI values was
close to the low values when the concentration of the total lipid and
luteolin was high.

Luteolin-loaded transfersome had a negative zeta potential in the range
of −13.6 mV to −28.1 mV. Therefore, the transfersome suspensions
had short-term stability and were partly unstable. The minimal value
of the zeta potential for supporting stability is ±20 mV [13]. The
transfersome composition and pH value affect the zeta potential. Acid
phospholipid and phosphatidylserine are negatively charged while
Table 2: Correlation value of total lipid and luteolin
concentration on particle size, polydispersity index, zeta
potential, and entrapment efficiency parameters

Parameters

Total lipid
concentration

Luteolin
concentration

Particle size (Z‑average d.nm)
Polydispersity index
Zeta potential
Entrapment efficiency

−0.099
−0.267
0.501
0.754

0.582
0.454
−0.176
−0.577
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phosphatidylcholine is neutral at pH 7.4 [19]. Increasing the pH value
will decrease the zeta potential (or cause it to be negative) because of
the decrease in the H+ concentration [20]. As seen in Table 2, the total
lipid concentration had a weak effect on the zeta potential, and the
luteolin concentration did not affect the zeta potential. The adjusted
R-squared and predicted R-squared of the zeta potential parameter
were 0.3859 and −3.9556, respectively, based on the cubic model.
These values indicated that the relationship between the factor of the
total lipid and luteolin concentration did not affect the zeta potential
and could not predict the parameter value for a subsequent test. The
plot contour of the zeta potential parameter (Fig. 1c) showed that a low
concentration of the total lipid and luteolin resulted in a higher zeta
potential (less stable), and a low concentration of the total lipid and
high concentration of luteolin resulted in a zeta potential value close to
−30 mV, which indicates better stability.

The highest entrapment efficiency was 98.62% for a high concentration
of the total lipid and low concentration of luteolin, and conversely,
the lowest entrapment efficiency was due to a low concentration
of the total lipid and high concentration of luteolin. This result
corresponded to that obtained by Colletier’s et al. research that the
total lipid concentration was directly proportional to the entrapment
efficiency of protein encapsulation in liposomes [21]. An increase
in the total lipid was followed by an increase in the entrapment
efficiency of sodium diclofenac because the fraction of the total lipid
taking part in the encapsulation reduced the efficiency [6]. As shown
in Table 2, the total lipid concentration affected the entrapment
efficiency. The luteolin concentration affected the entrapment
efficiency in a weak correlation. A negative value in the correlation of
luteolin concentration meant an inverse relationship. The response
surface model of entrapment efficiency followed a quadratic equation
with adjusted R-squared and predicted R-squared of0.9689 and
0.9301, respectively. This is sufficient to suggest that the model can
be used to predict the value of entrapment efficiency in a subsequent
test. The plot contour of entrapment efficiency (Fig. 1d) indicated a
correlation between the total lipid and luteolin concentration on the
entrapment efficiency parameter. A higher total lipid concentration
and smaller luteolin concentration will result in higher entrapment
efficiency.
Optimization of the measured parameter by variation of the formula
factor was carried using Design Expert version 7.0.0 trial. The particle
size, polydispersity index, and zeta potential were specified in the
minimum criteria, whereas the entrapment efficiency was set out in
the maximum criteria. Each parameter criterion was combined (plotted
overlay) to obtain the optimum value. The optimization results of this
research can be seen in Table 4.
The optimization parameter of desirability was determined by
regulating the optimum input variables to obtain one or more
optimal parameters. The desirability value ranged between 0 and 1,
where a value of 1 is perfect, i.e., the ideal parameter value [22]. The

Table 3: Summary of regression model of each parameter
Parameter

Regression model

SD

R‑squared

Adjusted R‑squared

Predicted R‑squared

Particle size (Z‑average d.nm)
Polydispersity index
Zeta potential (mV)
Entrapment efficiency (%)

Cubic
2‑FI
Cubic
Quadratic

50.62
0.078
2.97
0.91

0.8717
0.3931
0.8110
0.9808

0.5830
0.2110
0.3859
0.9689

−2.3409
−0.0170
−3.9556
0.9301

Table 4: Characteristics of optimum formula
Objects

Total
lipid (%)

Luteolin
concentration (%)

Particle size (Z‑average
d.nm)

Polydispersity
index

Zeta
potential (mV)

Entrapment
efficiency (%)

Desirability

Predicted
Actual

4.88

0.50

202.948
257.18±15.20

0.437498
0.480±0.013

−19.1333
−18.67±0.38

95.4793
94.97±0.28

0.609
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Fig. 1: Plot contour showed the interaction of total lipid and luteolin concentration on (a) particle size (Z-average d.nm),
(b) polydispersity index, (c) zeta potential, and (d) entrapment efficiency parameters
CONCLUSION

a

b

Fig. 2: Luteolin-loaded transfersome vesicle observed by
transmission electron microscopy imaging (a) ×10000 and (b)
×20000 magnification

This study to optimize Luteolin-loaded transfersome by RSM was
done based on four parameters, namely, particle size (Z-average),
polydispersity index, zeta potential, and entrapment efficiency from 14
formulas. However, these characteristic values of the optimum formula
did not correspond to the predicted values and were confirmed by
the low adjusted and predicted R-squared values. The total lipid and
luteolin concentration were found to be significantly affecting the
entrapment efficiency only without affecting the other parameters. This
method can be applied to optimize the entrapment efficiency, and by
including more variables, it can be used for further optimizing formula
of transfersome.
REFERENCES
1.

optimizing desirability of transfersome luteolin was 0.609. This value
was far from the ideal value, meaning that the predicted parameters
were far from the desired parameter values. Transfersome containing
luteolin was prepared thrice based on the optimum formula. The
parameters of each transfersome were measured, and the measured
parameters were as expected in accordance with the prediction values.
Transfersome containing luteolin had an average particle size and a
PDI value greater than the prediction parameter value. This could be
attributed to a particle size reduction, as conventional methods of
size reduction may allow non-uniform size distribution [16]. The zeta
potential value and entrapment efficiency were close to the prediction
values. A zeta potential value of −18.67 corresponded to short-time
stability. Luteolin-loaded transfersome was a light-yellow suspension.
The vesicle morphology was observed using transmission electron
microscopy (TEM). The TEM image showed that transfersome was a
spherical vesicle and that the particles exhibited aggregation as seen
in Fig. 2.
Response surface methodology is an applicable method to optimize
entrapment efficiency of the formulation of luteolin-loaded
transfersome.

2.
3.
4.

5.
6.
7.
8.
9.

López-Lázaro M. Distribution and biological activities of the flavonoid
luteolin. Mini Rev Med Chem 2009;9(1):31-59.
Van Hoorn DE, Nijveldt RJ, Van Leeuwen PA, Hofman Z, M’Rabet L,
De Bont DB, et al. Accurate prediction of xanthine oxidase inhibition
based on the structure of flavonoids. Eur J Pharmacol 2002;451(2):111-8.
Abelson JN, Simon MI, Colowick SP, Kaplan NO. In: Eichman BF,
editor. Methods in Enzymology. New York: Shirley Light of Academic
Press; 1965.
Abidin L, Mujeeb M, Imam SS, Aqil M, Khurana D. Enhanced
transdermal delivery of luteolin via non-ionic surfactant-based
vesicle: Quality evaluation and anti-arthritic assessment. Drug Deliv
2016;23(3):1079-84.
Benson HA. Transdermal drug delivery: Penetration enhancement
techniques. Curr Drug Deliv 2005;2(1):23-33.
El Zaafarany GM, Awad GA, Holayel SM, Mortada ND. Role of edge
activators and surface charge in developing ultradeformable vesicles
with enhanced skin delivery. Int J Pharm 2010;397(1-2):164-72.
Raissi S. Developing new processes and optimizing performance
using response surface methodology. World Acad Sci Eng Technol
2009;3(1):1039-42.
Baş D, Boyacı İH. Modeling and optimization I: Usability of response
surface methodology. J Food Eng 2007;78(3):836-45.
Krishnaiah D, Bono A, Sarbatly R, Nithyanandam R, Anisuzzaman SM.
Optimisation of spray drying operating conditions of Morinda
citrifolia L. Fruit extract using response surface methodology. J King
110

Setyawati et al.

Saud Univ 2012;27(1):26-36.
10. Minitab. What is a Response Surface Design? 2016. Available from:
http://www.support.minitab.com/en-us/minitab/17/topic-library/
modeling-statistics/doe/response-surface-designs/what-is-a-responsesurface-design.
11. Shaji J, Bhatia V. Dissolution enhancement of atovaquone through
cyclodextrin complexation and phospholipid solid dispersion. Int J
Pharm Pharm Sci 2013;5(3):642-50.
12. Chen C. Zetasizer Nano Customer Training. Taipei: DKSH Taiwan
Ltd.; 2010.
13. Honary S, Zahir F. Effect of zeta potential on the properties of
nano-drug delivery systems-a review (Part 2). Trop J Pharm Res
2013;12(2):265-73.
14. Lou Z, Chen S, Xia GL, Yan M, Zhang Z, Gao J. Comparative
pharmacokinetic study of luteolin after oral administration of Chinese
herb compound prescription JiMaiTong in Spontaneous Hypertensive
Rats (SHR) and Sprague Dawley (SD) rats. Afr J Pharm Pharmacol
2014;8(16):422-8.
15. Suhaim SH, Hisam RH, Rosli NA. Effects of formulation parameters
on particle size and polydispersity index of Orthosiphon stamineus
loaded nanostructured lipid carrier. Akademia Baru J Adv Appl Sci Eng
Technol 2015;1(1):36-9.
16. Khadka P, Ro J, Kim H, Kim I, Kim JT, Kim H, et al. Pharmaceutical

17.
18.
19.
20.

21.
22.

Int J App Pharm, Vol 9, Suppl 1, 2017,

particle technologies: An approach to improve drug solubility,
dissolution and bioavailability. Asian J Pharm Sci 2014;9(6):304-16.
Woodbury DJ, Richardson ES, Grigg AW, Welling RD, Knudson BH.
Reducing liposome size with ultrasound: Bimodal size distributions.
J Liposome Res 2006;16(1):57-80.
Shaji J, Lal M. Preparation, optimization and evaluaion of transferosomal
formulation for enhanced transdermal delivery of a cox-2 inhibitor. Int J
Pharm Pharm Sci 2014;6(1):467-77.
Yandrapati RK. Effect of Lipid Composition on the Physical Properties
of Liposomes: A Light Scattering Study, Thesis. Missouri: Missouri
University of Science and Technology; 2012.
Carneiro-Da-Cunha MG, Cerqueira MA, Souza BW, Teixeira JA,
Vicente AA. Influence of concentration, ionic strength and PH on zeta
potential and mean hydrodynamic diameter of edible polysaccharide
solutions envisaged for multinanolayered films production. Carbohydr
Polym 2011;85(3):522-8.
Colletier JP, Chaize B, Winterhalter M, Fournier D. Protein encapsulation
in liposomes: Efficiency depends on interactions between protein and
phospholipid bilayer. BMC Biotechnol 2002;2(9):9.
Mourabet M, El Rhilassi A, El Boujaady H, Bennani-Ziatni M,
Taitai A. Use of response surface methodology for optimization of
fluoride adsorption in an aqueous solution by brushite. Arab J Chem
2014;10(2):S3292-302.

111

