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ABSTRACT
The study was aimed to evaluate the effectiveness of rosmarinic acid (RA) loaded ethosomes
(ETHs) and liposomes (LPs) when subjected to the transdermal application. RA-loaded ETHs and
LPs were prepared, optimised, and characterised. The ex vivo permeation studies of formulations
using mouse abdominal skin were performed. Antioxidant activities and the inhibitory effects of
formulations on collagenase and elastase enzymes were measured. Optimised ethosomal formu-
lation (F3) was showed nanometric size range (138±1.11nm) and greatest entrapment
(55±1.80%), was selected for further transdermal permeation studies. Skin permeation profile of
the nanoformulations analysed by HPLC revealed an enhanced permeation of ETHs. Transdermal
flux of ETHs was found to be higher than RA solution and LPs. Enzyme inhibitions of ETHs were
the significant difference found between ETHs and LPs (p< 0.05). ETHs were found to be more
effective and successful than LPs. Results suggest that ETHs are more effective than LPs for
transdermal delivery of RA.
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1. Introduction

Nanotechnology has been using widely in cosmetics as
moisturisers and especially in potential anti-aging prod-
ucts. The use of nanotechnology and the number of prod-
ucts from leading companies in the market are increasing.
The use of antioxidant compounds in anti-aging products
is important to reduce or prevent oxidative damages, to
make younger-looking skin (Tırnaksız 2006).

Rosmarinic acid (RA) is a compound can be found
in plants from the Lamiaceae family formed by caffeic
acid and 3,4-dihydroxyphenylacetic acid esterification.
It was first isolated from Rosemary (Rosmarinus offici-
nalis) plant and later on many species belonging to
this family determined to have RA (Fadel et al. 2011).
RA is widely used as an antioxidant by acting as free
radical scavenger and is effective in preventing the
formation of lipid peroxides, which is caused by UV
rays and physical, and chemical external factors in the
cosmetic field. Studies have shown that RA has more
antioxidant activity than the other antioxidant com-
pounds such as vitamin E and trolox which is vitamin
E analogue (Lin et al. 2002, Shekarchi et al. 2012). RA
is more preferable natural compound acting free rad-
ical scavenger in the cosmetic field. It does not cause
any toxicity which may be caused by synthetic

antioxidants such as butyl hydroxy toluene (BHT),
butyl hydroxy anisole (BHA), and propyl gallate
(Tırnaksız 2006, Shekarchi et al. 2012).

The transdermal delivery is one of the most import-
ant routes of drug administration. Human skin exhibits
selective permeability for the transport of many drugs.
Lipophilic drugs can pass through the skin, but hydro-
philic drugs either show very less or no permeation.
For improving the permeation of drugs through the
skin, various mechanisms have been investigated,
including the use of penetration enhancers or some
physical forces such as iontophoresis, sonophoresis,
etc. Drug delivery systems such as liposomes (LPs) and
ethosomes (ETHs) are used to increase penetration
and they can carry many drug molecules hydrophilic,
lipophilic, or even if they in amphiphilic form. It has
been reported to enhance the permeability of drug
using these carriers through the skin in the literature
(Yıldız and €Ozsoy 2007, _Inal et al. 2008, Akiladevi and
Basak 2010).

ETHs are easily formed vesicular systems composed
of phospholipids, ethanol at high concentrations in
water. These unique systems are suitable for transder-
mal applications of many active substances and
vesicles are easily formed due to ethanol in the
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formulation (Touitou et al. 2000). Because of the syner-
gistic effect of the presence of phospholipids and
ethanol, the ETHs are very flexible and they permeate
very easily inside the deep skin layers in comparison
with LPs and their transdermal flux can be consider-
ably high (Akiladevi and Basak 2010, Maheshwari et al.
2012). The mechanism of the drug delivery of ETHs
can be explained in two ways: effect of ethanol and
effect of ETHs. Ethanol is basically a penetration
enhancer and acts by reducing the frequency of inter-
cellular lipids. The fluidity of the lipids and the flexibil-
ity of the vesicles are high, therefore, the penetration
of the parent drug enhances. The penetration of the
interacting ETHs with lipids is facilitated and the active
substance entrapped in the ETH can be transmitted to
the deeper skin layers (Touitou et al. 2000, Chandel
et al. 2012, Fatima Grace et al. 2014).

LPs are spherical vesicles, which can be in micro or
nanosize, composed of one or composite lipid layers
and an aqueous phase at the inside. Due to the simi-
larity to biological membranes, LPs are more advanta-
geous because of the presence of phospholipids in
their structures and the ability to carry both hydro-
philic and lipophilic drugs (El Maghraby et al. 2008,
Panya et al. 2010). LPs are biologically compatible, bio-
degradable, non-toxic, and non-immunogenic. It is
widely used in cosmeceuticals and at the pharmaceut-
ical field (Barenholz 2001, Chung et al. 2006, De�gim
et al. 2010).

The main proteins of connective tissue which are
also responsible for skin elasticity are elastin and colla-
gen. They can be destructed by elastase and collage-
nase enzymes induced by free radicals, causing
wrinkles and sagging of the skin. Free radicals in the
tissues damage the biologically important materials
such as proteins, carbohydrates, and lipids. DNA can
also be damaged and the deterioration of membrane
structures, and functions can be possible. In addition,
free radicals that can cause many biological changes
such as aging, heart disease, and cancer. The irritation
can come from outside but the natural consequence
can be seen in the body because of human metabol-
ism. The phospholipids rich in unsaturated fatty acids
present in the cell membrane structure are subjected
to degradation due to hydroxyl radicals. Excessive pro-
duction of free radicals in the body increases lipid per-
oxides and make the oxygen radicals free. They mainly
disrupt cell membrane structures. This can be con-
trolled by antioxidants with the ability to capture
and stabilise these free radicals (Elliot 1999, Canelas
and Teixeira da Costa 2007, G€ulçin 2007). Lipid peroxi-
dation results in biologically active malondialdehyde

(MDA) or similar aldehydes. These aldehydes emit
damage diffusely from the initial domains.
Antioxidants act by inhibiting the formation of these
aldehyde structures (Aruoma et al. 1997). A strong
reactive oxygen species, OH� radical, reacts to double
bonds of the DNA base, damaging the DNA by break-
ing bond of the hydrogen atom from the C–H of
2-deoxyribose. Antioxidant compounds inhibit the
formation of 2-deoxyribose degradation products
directed by specific and non-hydroxyl radicals
(Halliwell et al. 1987, Cooke et al. 2003).

The aim of the current investigation was to develop
the ETHs and LPs containing RA and to evaluate their
potential by determining RA penetration from ETHs
and LPs in comparison with RA solution through
mouse abdominal skin.

2. Materials and methods

2.1. Materials

RA, 3-(4,5-dimethyldiazol-2-yl)-2,5 diphenyl tetrazolium
bromide (MTT), soya phosphatidylcholine (SPC), dipal-
mitoyl phosphatidylcholine (DPPC) cholesterol (Ch)
were purchased from Sigma, USA. All other chemicals
used were of analytical grade. NTCT clone 929 cell line
(L929) was provided from American Type Culture
Collection (ATCCVR CCL-1TM), Manassas, USA, Eagle’s
Minimum Essential Medium (EMEM) (ATCCVR

30–2003TM) was purchased from Biochrom, Germany.
Cell culture flasks surface area 25 cm2 and 75 cm2, and
cell culture plates 6 well were purchased from
CorningVR . Horse Serum (ATCCVR 30–2040TM), trypsin-
EDTA solution, dimethyl sulfoxide (DMSO) for cell cul-
ture and penicillin-streptomycin solution were pur-
chased from Sigma (St. Louis, USA). Cedex Smart
Slides and Trypan Blue solution were purchased from
Roche (Switzerland). Mouse Collagenase and Elastase
Enzyme ELISA kits were obtained from
Sunredbio, Shanghai.

2.2. Assay

The quantitative determination of RA was carried out
by high performance liquid chromatography (HPLC)
method on Agilent 1200 Series system equipped with
C18 column (150� 4.6mm, 5lm) using methanol:wa-
ter:acetic acid (45:53:2 v/v/v) as mobile phase
degassed ultrasonically before use. The flow rate of
mobile phase was adjusted to 1ml/min. The detection
wavelength was set to 306 nm.

A stock solution of RA was prepared in ethanol:-
water (1:9) with a concentration of 50mg/mL. Working
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solutions were prepared from the stock solution for
calibration curve.

2.3. Cell culture studies

The L929 mouse fibroblast cells were grown in a
medium (referred ATCCVR ) composed of EMEM contain-
ing 25mM glucose, 5mM glutamine supplemented
with 10% foetal bovine serum, and 1% penicillin-
streptomycin additively in an incubator at 37 �C under
5% CO2 atmosphere. The medium was changed with
fresh medium every 48 h. The presence of a confluent
monolayer was controlled with a microscope.

2.3.1. Cytotoxicity

MTT assay was used. MTT is a colorimetric method for
the determination of cell viability based upon reduc-
tion of the yellow tetrazolium salt MTT to a purple for-
mazan dye by mitochondrial succinate dehydrogenase
in viable cells (Karamustafa et al. 2009). Cytotoxicity of
each test compound was examined using MTT test on
L929 cells. L929 cells were seeded (25 000 cells/well)
(Lapidot et al. 2002) in 96-well culture plates. Plates
were kept at 37 �C for 24 h for cell adhering. Then, the
cells were treated with different RA concentrations
(2.5–100 mg/mL), blank and RA loaded ETHs and LPs.
After 24 h of culture, the medium was removed
and 100 mL fresh medium and 13mL MTT solution
(5mg/mL in PBS) were added. After incubation at 4 h,
100 lL of DMSO was added to each well to dissolve
the formazan precipitate. The colour density was
measured at 570 nm with a multi-well ELISA reader
(Biotech Synergy HT, USA). The wells containing only
the medium were used as a control group with a cell
viability of 100% and the results were presented as
the percentage.

2.4. Preparation of formulations

The ethosomal system was prepared having 2–4%
(w/v) phospholipid, 15–45% (v/v) ethanol using mech-
anical dispersion method (Maheshwari et al. 2012) for
investigation of effects of phospholipids and ethanol
concentration on the characterisation of ETHs. SPC
was added to the round-bottomed flask. It was dis-
solved with chloroform:methanol (1:3) and evaporated
in a rotary evaporator (Heidolph) under a vacuum. The
lipid film was kept in a desiccator to remove all
organic solvent. For hydration of dry film, RA hydroe-
thanolic solution (15%, 30%, and 45% (v/v) (according
to MTT test, 50mg/mL was chosen as initial concentra-
tion) was used. It was kept in a ultrasonic bath for

30min and then vortexed for 15min to increase
encapsulation efficiency. Then, ETHs were centrifuged
at 10 000 rpm for 30min and ETHs were obtained.

For the preparation of LPs, dry film hydration
method was used. DPPC (optimum ethosome formula-
tion ratio (%2 (w/v)) and Ch were dissolved with chlor-
oform:methanol (1:3) and evaporated under a vacuum
at 44 �C. The film was re-hydrated by phosphate
buffer (pH 7.4) containing RA (according to MTT test,
50 mg/mL was chosen as initial concentration) and
LPs were centrifuged at 10 000 rpm at for 30min.
Supernatants and LPs were then separated.

2.5. Determination of formulation characteristics

PS, ZP, and PDI of formulations were determined using
a Zetasizer Nano ZS-Malvern. The formulations were
observed using scanning electron microscopy (SEM).
The RA contents of formulations were determined by
HPLC from the supernatant phase after ultracentrifuga-
tion. RA amount at the supernatant phase was then
subtracted from the total.

2.6. Stability

The stabilities of formulations were investigated under
various conditions (4 �C and 25 �C± 60% relative
humidity). PS, ZP, PDI, and in residual RA content of
formulations were determined periodically. The initial
RA concentrations of the formulations were accepted
to be 100%.

2.7. In vitro release

Initial drug release studies were performed using
Franz diffusion cells with a dialysis membrane (12 000
Dalton pore size). RA solution, ETH, and LP suspen-
sions (1ml) were placed in the donor compartment of
the diffusion cells. The receiver compartment was
filled with 2.5ml phosphate buffer (pH 7.4). Samples
of 2.5ml were withdrawn at specific time periods (at
the end of 1, 2, 3, 4, 6, 8, 12, and 24 h) and fresh buf-
fer was immediately replenished at the same volume.
The released RA amounts were analysed by HPLC as
described above.

2.8. Ex vivo permeation study

Franz diffusion cells were used to determine the skin
permeation of RA-loaded ethosomal and liposomal
formulations. Effective permeation area, receptor cell
volume, receptor compartment media, and
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temperature were kept 0.78 cm2, 2.5ml, phosphate
buffer (pH 7.4), and 37 �C, respectively. The abdominal
skin of mice (male, 8weeks old, 30 g) was used in the
study. The mice were supplied by Experimental
Research and Application Centre of Erciyes University
and the experimental protocol was approved by the
Ethics Committee of Erciyes University (date: 14
October 2015, decision number: 15/130). After remov-
ing hairs gently, the skin was fixed on a receptor com-
partment. ETH or LP formulations (2ml) were placed
to the donor compartment (Figure 1). For comparison,
RA solution in ethanol (30% (v/v)) was also studied.
Samples were collected at 1, 2, 3, 4, 6, 8, 12, and 24 h
intervals and analysed by HPLC. The cumulative
amount of drug permeated was plotted as a function
of time. Papp values were calculated as follows:

Papp ¼ dQ=dtð Þ � 1=A � C0ð Þ

dQ/dt refers to the permeability rate, A (cm2) refers
to membrane diffusion area, and C0 (mg/mL) refers to
the initial concentration of RA at the donor
compartment.

2.9. Antioxidant enzymes activity

Antioxidant activities such as lipid peroxidation and 2-
deoxyribose degradation directed by specific and non-
specific hydroxyl radicals and these can be detected at
the end of the ex vivo permeation studies (Halliwell
et al. 1987). In these kinds of antioxidant activity stud-
ies, the inhibition percentages of the amount of pene-
trated RA through skin on the formation of MDA
resulting from the lipid peroxidation reaction and the
protection of DNA damage can be determined and

antioxidant effects can be measured (Aruoma
et al. 1997).

2.10. Enzyme inhibition

At the end of the ex vivo permeation studies, the
inhibitory effects of penetrated RA at the donor com-
partment from RA solution, LPs, and ETHs were meas-
ured on the collagenase and elastase enzymes that
induce by the formation of free radicals. Collagenase
and elastase ELISA kit procedures were applied for the
measurements.

2.11. Statistical analysis

All data in this study were considered as means ± SD
and one-way ANOVA was used for statistical analysis.
GraphPad InStat ver. 2 (CA, USA) was used.

3. Results

3.1. Analytical method

The quantitative determination of RA was carried out
by adopted HPLC method using Agilent 1200 Series
system equipped with C18 column (150� 4.6mm,
5 lm) and mobile phase was a mixture of methanol:-
water:acetic acid (45:53:2), it was degassed before use.
The flow rate of mobile phase was adjusted to 1ml/
min. The detection wavelength was 306 nm.

The calibration curve was found to be linear
(r2¼ 0.999) within the range of 0.5–30lg/mL. Although
various mixtures were tested, the best peak with
respect to width and symmetry was observed with a
mobile phase consisted metanol:distilled water:acetic
acid with the ratio of 45:53:2 and a flow rate was 1ml/

Figure 1. Ex vivo studies: application of anesthetics to mice (a), removing the abdominal skin of mice (b).
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min. The peak was detected at 7.460min. The method
was found to be sensitive and reproducible.

3.2. Cell culture studies

MTT test was carried out to determine the toxic con-
centration of RA and vesicular formulations. The
effects of RA solution and formulation components on
L929 cell viability were investigated for 24 h.
According to the MTT test results, RA caused no cellu-
lar toxicity with the used dose of 50mg/mL, which was
used to prepare ETHs and LPs later on. Additionally,
empty formulations were also not found to be toxic to
cells at any concentrations (Figure 2).

3.3. In vitro studies

In the present study, two vesicular formulations were
developed and characterised in vitro. Initially, formula-
tion/optimisation of ethosomal formulations com-
posed of 2–4% (w/v) SPC 15–45% (v/v) ethanol, was
performed on the basis of characterisation parameters
(amount of released RA%) (Table 1). F3 was chosen as
optimum formulation.

After preparations of LPs and ETHs, their PS, ZP,
PDI, and EE% were measured and given in Table 2.
The physical appearances of ETHs and LPs were deter-
mined using SEM (Figure 3).

In vitro RA release experiment from solution, ETHs
and LPs were performed using dialysis membrane
using Franz-type diffusion cells, receptor phase was
pH 7.4 phosphate buffer. RA release kinetic from the
solution and nanoformulations were found to be with
RRSBW (Rosin-Rammler-Sperling-Bennet-Weibull) kinet-
ics, and correlation coefficients were 0.9358, 0.9143,
and 0.8982, respectively. Release profiles of RA from
solution and formulations are given in Figure 4(a).

Stability studies were performed at 4 �C and 25 �C,
60% relative humidity for three months for ETHs and
LPs. The changes of PS, ZP, PDI of formulations were
determined and degradation kinetics profiles of the
formulations were plotted (Table 3).

Prepared ETHs and LPs in suspension and lyophilised
dry powder form were examined considering residual
amount of RA during 3months and the shelf lives of
them were calculated for 4 �C and 25� using the
Arrhenius equation. The degradation kinetics for
RA-loaded ETHs and LPs were found to be with the
first-order kinetics. Shelf lives were 21days at 4 �C
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Figure 2. Toxicity of rosmarinic acid hydroethanolic solution, bare and rosmarinic acid-loaded formulations on L-929 cell viabil-
ity (n¼ 6).

Table 1. Compositions and chahracterisation parameters of ethosomal formulations as coded F1–F6.

Formulations code
Ethanol content

(%) (v/v)

Phospholipid
concentration

(w/v)
Particle

size ± SD (nm)

Zeta
potential ± SD

(mV)
Polydispersity
index ± SD

Encapsulation
efficieny ± SD (%)

Cumulative
amounts of

released rosmarinic
acid for

24 h (%) ± SD

F1 15 2 132 ± 1.12 �28.3 ± 2.35 0.315 ± 0.005 45 ± 2.30 63.9 ± 0.513
F2 15 4 137 ± 1.52 �25.2 ± 3.45 0.352 ± 0.081 47 ± 3.01 70.2 ± 0.562
F3 30 2 138 ± 1.11 �32.1 ± 1.24 0.210 ± 0.015 55 ± 1.80 71.3 ± 0.414
F4 30 4 143 ± 1.15 �30.4 ± 2.31 0.232 ± 0.014 52 ± 1.15 61.8 ± 0.235
F5 45 2 168 ± 2.01 �33.4 ± 3.14 0.258 ± 0.014 51 ± 2.14 57.9 ± 0.521
F6 45 4 174 ± 2.30 �34.3 ± 3.01 0.274 ± 0.032 50 ± 2.31 57.6 ± 0.235

Values are expressed as mean ± standard deviation, n¼ 3.

184 Ç. Y€UCEL ET AL.



(correlation coefficient, r2¼0.997), 17 days at 25 �C
(r2¼0.995), 18days at 4 �C (correlation coefficient,
r2¼0.990), 15days at 25 �C (r2¼0.987) of lyophilised dry
powder and suspended ETHs, respectively. Lyophilised
dry powder and suspended LPs, shelf lives were 20days
at 4 �C (correlation coefficient, r2¼0.994), 16days at
25 �C (r2¼0.982), 18days at 4 �C (correlation coefficient,
r2¼0.988), 14days at 25 �C (r2¼0.980), respectively.

3.4. Ex vivo permeations

The ex vivo skin permeations of RA from ETHs and LPs
were carried out using Franz diffusion cells with an
effective permeation area of 0.78 cm2. Excised full

thickness mouse skin was mounted between the
donor and receptor compartments. Formulations and
hydroethanolic RA solutions (30% (v/v)) (2ml) were
placed to the donor compartment and samples of
2.0ml were withdrawn at specific time periods. The
cumulative penetrated amounts of RA from the solu-
tion of LPs and ETHs were shown in Figure 4(b). Papp
values were found to be 5.07 ± 0.30, 5.18 ± 0.54, and
6.15 ± 0.34, respectively for RA solution, LPs, and ETHs.

At the end of the ex vivo permeation studies, anti-
oxidant activity studies such as lipid peroxidation and
2-deoxyribose degradation directed by specific and
non-specific hydroxyl radicals were determined. The
inhibition percentages of the amount of penetrated

Table 2. Characterisation parameters of rosmarinic acid-loaded ethosomes and liposomes.
Formulations Particle Size ± SD (nm) Zeta potential ± SD (mV) Polydispersity index ± SD Encapsulation efficieny ± SD (%)

Ethosome (F3) 192 ± 1.95 �32.3 ± 2.37 0.215 ± 0.005 66 ± 1.51
Liposome 202 ± 1.12 �11.2 ± 1.15 0.220 ± 0.050 62 ± 1.95

Values are expressed as mean ± standard deviation, n¼ 3.

Figure 3. Scanning electron microscope images of ethosomes (a) and liposomes (b) containing rosmarinic acid (Mag ¼ 30.00 KX,
Signal A¼ SE1, Scale bar ¼ 200 nm).

Table 3. The characterisation parameters of formulations containing rosmarinic acid stored at 4 �C and 25 �C.
4 �C 25 �C

Formulations Time (month)
Particle

Size ± SD (nm)
Polydispersity
index ± SD

Zeta
potential ± SD

(mV)
Particle

Size ± SD (nm)
Polydispersity
index ± SD

Zeta
potential ± SD

(mV)

ETHs 0 189 ± 2.50 0.207 ± 0.009 �32.3 ± 1.00 189 ± 2.50 0.207 ± 0.009 �32.3 ± 1.00
1 202 ± 1.12 0.214 ± 0.003 �31.3 ± 1.20 215 ± 1.41 0.225 ± 0.017 �30.7 ± 0.98
2 225 ± 2.01 0.243 ± 0.003 �29.7 ± 0.98 265 ± 1.68 0.254 ± 0.012 �25.9 ± 0.75
3 245 ± 2.13 0.253 ± 0.000 �27.3 ± 1.01 284 ± 2.01 0.275 ± 0.008 �22.4 ± 0.68
0 200 ± 1.15 0.212 ± 0.003 �11.2 ± 2.00 200 ± 1.15 0.212 ± 0.003 �11.2 ± 2.00
1 215 ± 1.45 0.222 ± 0.011 �10.8 ± 1.80 255 ± 1.54 0.255 ± 0.005 �9.7 ± 1.90
2 252 ± 2.14 0.248 ± 0.009 �9.7 ± 1.90 285 ± 2.04 0.269 ± 0.011 �8.9 ± 2.50
3 275 ± 1.68 0.298 ± 0.010 �7.3 ± 1.60 307 ± 2.11 0.306 ± 0.006 �6.3 ± 1.20

Values are expressed as mean ± standard deviation, n¼ 3.
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RA through skin on the formation of MDA resulting
from the lipid peroxidation reaction and the protec-
tion of DNA damage were determined and antioxidant
effects were calculated (Table 4).

The inhibitory effect on collagenase and elastase
enzymes of transported amounts of RA from solution,
ETHs, and LPs through mouse abdominal skin were
determined and inhibition levels (%) are given in
Table 5.

4. Discussion

In this study, it was investigated that the effectiveness
of novel vesicular carriers RA loaded ETHs and LPs. RA
was a model drug and it has poor water solubility and
bioavailability. Drug encapsulation with lipid vesicles
can improve bioavailability and increasing stability of
phenolic compounds can be seen. ETHs and LPs can
encapsulate the quickly degradable and sensitive mol-
ecules like RA, to protect it from light and other
degradative processes. Therefore ETHs and LPs were
decided to use as convenient carriers for RA.
Ethosomal carriers are composed of phospholipids
and ethanol with high concentrations. The composi-
tions of different ethosomal formulations (F1–F6) were

prepared and characterised (PS, ZP, PDI, and EE%) in
our study (Table 1). In addition, the surface morpholo-
gies and physical appearances of both the ETHs and
LPs were characterised by SEM.

Formulation F3 was found to be optimum. It was
prepared with 30% (v/v) ethanol and 2% (w/v) SPC
showed an average vesicle size of 138 ± 1.11 nm and
high entrapment efficiency (70.6%). In the literature,
the optimum formulation has been determined by
evaluating the characterisation parameters of ETHs
prepared in the presence of ethanol and phospholipid
in various concentrations. With different concentra-
tions of phospholipids (2–4% (w/v)) and ethanol
(15–45% (v/v)), the size and EE% of the vesicles
increased with increasing amount of phospholipids or
ethanol in our study.

LPs were made containing the same phospholipid
(DPPC) concentration with ETHs not containing etha-
nol, had PS of 202 ± 1.12 nm and EE of 62 ± 1.95%.

The relatively high EE was observed with ETHs
because of ethanol was also reported in the literature
(Bhalaria et al. 2009).

In another study, ETHs were prepared with 20%
propylene glycol and water in addition to 2–6% phos-
pholipids (w/v), 10–45% ethanol (w/v) containing anti-
fungal drug, fluconazole in the literature, and the
ethanol and phospholipid concentrations in the com-
position of the ETHs were found to affect the parame-
ters (PS and EE%) (Bhalaria et al. 2009). In another
study, ETHs prepared with azelaic acid used in acne
treatment were prepared with different concentrations
using ethanol (20%, 30%, 40% and 45% (v/v)) and 5%
SPC. LPs were also prepared with the same phospholi-
pids ratio. Formulations characterisation parameters
were found to be affected by ethanol (Esposito et al.
2004). Therefore, our formulation development and
characterisation results were found to be appropriate
and in accordance with the previously published data.

In recent years, ETHs are one of the drug delivery
systems that have come to the forefront in their
effects and better penetration properties. LPs have
been used for this purpose for many years as well. In
many studies, LPs were prepared for comparison with
ETHs and these comparisons have been made in terms
of both characterisation parameters and effectiveness.
The presence and proportion of ethanol in the struc-
ture of ETHs, as well as the use of phospholipids in
different ratios, reported to have an influence on the
characterisation parameters.

According to MTT tests, which is frequently used in
cytotoxicity assay, cell viability was found to be 70%
or higher for both the hydroethanolic solution (30%
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Figure 4. In vitro release profiles of rosmarinic acid from solu-
tion, ethosomes and liposomes at pH 7.4 phosphate buffer
from dialysis membrane (a), ex vivo permeation profiles of ros-
marinic acid from solution, ethosomes and liposomes for 24 h
by using mouse abdominal skin (error bars represent standard
deviations, n¼ 3) (b).
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(v/v)) with and without RA. The percentages of viabil-
ity values of formulations were found to be over 80%.
The L-929 cells are mouse fibroblast cells and are fre-
quently used to determine their cytotoxic concentra-
tions of many compounds. It is also shown as a
reference cell line for cytotoxicity tests by international
standards (ISO 10993 part 5, 1999; ISO 7405, 1997)
(Karamustafa et al. 2006). In the literature, the data of
MTT test with RA and RA-loaded formulations on L929
cell line were not present. Due to strong antioxidant
effect of RA, there are some studies present on react-
ive oxygen species (ROS) and cytotoxicity studies on
U937 human leukaemia cell line (Moon et al. 2010). In
another study, the protective effect of RA for oxidative
DNA damage on the neuronal cell model (PC12) has
been investigated. No statistically significant decrease
in cell viability was observed with RA (50lM) (Silva
et al. 2008).

In vitro RA release experiments were performed
using Franz-type diffusion cells at 37 �C. Initially, six
different RA loaded ethosomal formulations (F1–F6)
[15%, 30% and 45% (v/v) ethanol, and 2% (w/v) and
4% (w/v) phospholipid] were used to determine the
best formulation. A cumulative release of
71.3 ± 0.414% and 66.7 ± 0.554%, respectively, was
obtained from the F3 coded ETHs and the LPs contain-
ing the same phospholipid ratio (2% (w/v)). The kinetic
of RA release was found to be with RRSBW for all for-
mulations, which correspond with a steeper initial
slope followed by a flattened tail in final part (€Ozkan
et al. 2000). There is no data available in the literature
for the release of RA from ETHs. In literature, LPs were
formulated with RA and it was used for the purpose
of increasing stability and preventing the peroxidation

of phospholipids and cell membrane lipids (Panya
et al. 2010, Fadel et al. 2011). In another study, LP and
ETH formulations containing azelaic acid have been
developed and the release study was performed using
Franz cells. ETHs had a higher amount of released
Azelaic acid than LPs, it was found to be because of
the presence of ethanol in the formulation (Esposito
et al. 2004).

The skin acts as a powerful barrier to the passage
of many active substances. The physicochemical
properties of the compounds, lipophilic/hydrophilic
balance, molecular weight, etc., affect the penetra-
tion. For the permeability profiles of the applied com-
pounds/formulations have been established by the
use of human and animal skin and many ex vivo per-
meation studies have been performed. Franz diffu-
sion cells are one of the most used apparatus in
these kinds of studies (Taofiq et al. 2017). RA is a
hydroxycinnamic acid derivative and the penetration
studies are very limited although penetration studies
of hydroxycinnamic acid derivative compounds such
as coumaric acid, ferulic acid, and caffeic acid were
also reported to be used in the literature (Zilius et al.
2013). Ex vivo RA penetration experiment from solu-
tion, ETHs and LPs were performed for 24 h and
penetration profiles were given with comparison of
RA solution in Figure 4(b). Cumulative transported
amount of RA and Papp values were found
37 ± 0.781%, 34.7 ± 0.980%, 31 ± 1.25%, 5.07 ± 0.30,
5.18 ± 0.54, and 6.15 ± 0.34, respectively for ETHs, RA
loaded ETHs, LPS and RA loaded LPs. It was observed
that ETHs and LPs could penetrate through cell mem-
branes more efficiently in comparison with the solu-
tion because of the similarity of the cell membrane
and the solvent effect of ethanol for ETH. Our data
support the idea that release and permeation rates
are higher through the dialysis membrane and mouse
abdominal skin due to the solvent effect of ethanol
for ETHs and LPs in our study (p< 0.01). Ethanol is
basically a penetration enhancer and acts as reducing
solidification of lipids in the cell membrane. In this
way, the fluidity of the lipids in the cell membrane
and the penetration of the active substance can
enhance. From this point, the effect of the ETH

Table 4. Inhibition values (%) of collagenase and elastase enzyme of rosmarinic acid solution, etho-
somes, and liposomes.
Formulations Inhibition of collagenase enzyme activity (%) ± SD Inhibition of elastase enzyme activity (%) ± SD

Solution 72.9 ± 0.99� 80.1 ± 0.81�
ETHs 71.7 ± 1.26� 79.1 ± 0.79�
LPs 67.6 ± 1.92�� 76.2 ± 1.02��
Values are expressed as mean ± standard deviation, n¼ 3, Not significant from solution �p> 0.05, significant from solu-
tion ��p< 0.05.

Table 5. Inhibition values on 2-deoxyribose degradation
directed by non-specific hydroxyl radicals and effect on MDA
formation amount using ascorbate-Fe (III) catalysed lipid per-
oxidation inhibition assay of samples.
Formulations Inhibition%± SD MDA (nmol/mL) ± SD

Solution 67.9 ± 1.20 0.319 ± 0.065
ETHs 70.2 ± 2.76 0.137 ± 0.040
LPs 65.2 ± 0.908 0.256 ± 0.046
BHT 78.3 ± 3.06 0.121 ± 0.007
Control – 0.604 ± 0.016

Values are expressed as mean ± standard deviation, n¼ 3.
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begins and permeates very easily through the deeper
skin layers, where it gets fused with skin lipids and
releases the active substances into deep layer
(Touitou et al. 2000, Akiladevi and Basak 2010, Zhu
et al. 2013, Parashar et al. 2013). Any similar formula-
tion of RA and ETHs could not be found in the litera-
ture. However, because of its ability to enhance
penetration, there are various studies present in the
literature related to ethosomal formulations and lipo-
somal formulations of the active substances. Zhu
et al. prepared lidocaine base ETHs composed of 5%
egg phosphatidylcholine, 35% ethanol, 0.2% choles-
terol, 5% lidocaine base and as a control, lidocaine
base LPs containing the same amounts of egg phos-
phatidylcholine, cholesterol, and drug (5% lidocaine).
The transdermal flux of lidocaine was found to be
significantly greater from ETHs than from LPs
(p< 0.001). The reason for this was attributed to the
presence of ethanol in the structure for ETHs. The
penetration enhancement was found to be the
increasing of the fluidity of the lipids in the skin (Zhu
et al. 2013). In another study, penetration properties
of ETHs and LPs were evaluated through ex vivo
human cadaver skin, it was noted that melatonin-
loaded ETHs exhibited increased transdermal penetra-
tion compared to conventional LPs and hydroetha-
nolic solution of the melatonin (Vani�c et al. 2015).

Stability studies were performed at different condi-
tions (4 �C and 25 �Cþ 60% relative humidity) for ETHs
and LPs. PS and ZP were monitored periodically once a
month. Drug contents of ETHs and LPs of both sus-
pended and lyophilised powder were determined and
degradation kinetics profiles of the formulations were
obtained (Figure 5(a,b)). RA degradation was found to
be with the first order kinetics for both suspended and
lyophilised powder form of formulations. RA content of
the formulations did not decrease at any significant
degree after three months at 4 �C (p> 0.005). When the
shelf lives of both formulations were calculated, it was
found that the shelf life is decreased by the tempera-
ture. The amounts of RA in formulations were deter-
mined when stored in lyophilised form was found to
be higher compared to suspended form stored at the
same temperature (p< 0.001). It has been observed
that formulations in a liquid dispersion are less stable
and active substance degrade more. It has also been
determined that the loss of RA in formulations stored
at 25 �C±60% relative humidity was higher.

The amount of active substance is present at the
formulation, vesicle size, charge of the vesicles, prepar-
ation and storage conditions, and physicochemical
properties of the active substance play an important
role in the stability of the ETHs and LPs. Phospholipids
can make unstable systems due to their susceptibility
to oxidation and hydrolysis. During the storage, the
chemical stability problem (oxidation and hydrolysis)
of the carrier systems can cause problems in terms of
their applicability. The physical changes such as aggre-
gation or volume of the vesicles can be a problem.
Various studies have been carried out to increase
physical and chemical stability and it has stated that
the most used solution is lyophilisation. In our study,
the stability of the formulations stored in lyophilised
form was found to be better as it has been used and
reported in the literature (Bozkır and Koçyi�git 1995).
Cryoprotectants such as trehalose, mannitol, glucose,
lactose have been used for lyophilisation. It is stated
that cryoprotectants prevent the problems such as
fusion, phase separation, and loss of content (Bozkır
and Koçyi�git 1995, Stark et al. 2010).

In the literature, in view of stability studies, RA was
added as an antioxidant substance to increase the sta-
bility of liposomes by reducing or preventing the
phospholipid from the oxidation rather than protect-
ing active substance. It has been reported that the use
of RA increases the stability and the stability of LPs.
The use of RA and esters is limited for LPs due to
physical stability problems and oxidation (Panya
et al. 2010).
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Figure 5. Degradation of rosmarinic acid in suspended and
lyophilised powder ethosomes (a), suspended and lyophilised
powder liposomes (b) at 4 �C and 25� (error bars represent
standard deviations, n¼ 3).
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Phospholipids rich in unsaturated fatty acids are
biologically important molecules and if are exposed to
hydroxyl radical they can have induced degradation.
In addition, the oxidative degradation of lipids is also
the basis of the aggravation of oil-rich products. In the
antioxidant activity assay, the inhibition of the forma-
tion of thiobarbituric acid (TBA)-reactive compounds
on the basis of the scavenging effect of hydroxyl radi-
cals on the ascorbate-Fe (III)-catalysed hydroxyl radical
degradation of bovine brain phospholipid liposomes
was measured in the literature. The ethosomal formu-
lation showed statistically same activity with BHT. It is
important to use non-toxic RA, it was reported to
have the same meaningful activity as being a syn-
thetic antioxidant BHT (Erkan et al. 2008). The RA
loaded ETHs demonstrate the effectiveness of the for-
mulation and it is a non-significant difference com-
pared to the RA solution due to the concentration
difference between the solution and the formulation.
On the other hand, when the effects on the amount
of MDA of the samples were compared, the ETHs
showed a statistically significant difference from the
RA solution (p< 0.05) while liposomes were found to
have the same significance with the solution
(p> 0.05). When results were compared with the con-
trol group, ETHs, LPs, RA solution, and BHT solution
significantly inhibited MDA formation (p< 0.001).

Non-site specific hydroxyl radical-mediated 2-deoxy-
d-ribose degradation assay is based on the deoxyribose
degradation products reaction with TBA at low pH and
temperature to form pink colour. Deoxyribose degrades
and transforms to thiobarbituric acid reactive substan-
ces (TBARS) via specific (Fe2þþH2O2) and non-specific
(Fe2þþH2O2þ EDTA) hydroxyl radicals which are
mediated by the in vitro Fenton reaction system. As
shown in Table 5, the DNA damage protection power
was determined to be 70.2± 2.78% with ethosomes,
65.2±0.908% with liposomes, 67.9 ±1.19% with RA
solution, and 78.33± 3.05% with BHT solution. The %
inhibition value obtained from the ETHs was statistically
different from the RA solution and LPs (p< 0.01).

The dermis layer of the skin composed of the main
components of connective tissues, elastin, and colla-
gen. These proteins are responsible for resistance and
elasticity of the skin. The formation of free radicals
leads to the induction of elastase and collagenase
enzymes, leading to create wrinkles associated with
the destruction of elastin and collagenase proteins,
and then skin ages (Thring et al. 2009). Antioxidants
have the ability to capture and stabilise free radicals
as RA acts as a potent antioxidant. The inhibitory
effect on the amounts of transported RA through

mouse abdominal skin after penetration study, colla-
genase and elastase enzymes induced by the presence
of free radicals were measured with kits. According to
results, inhibition of RA solution, ETHs and LPs were
found to be 72.89 ± 0.99%, 71.67 ± 1.26%,
67.55 ± 1.92% on collagenase enzyme, 80.1 ± 0.81%,
79.1 ± 0.79%, and 76.2 ± 1.02% on elastase enzyme,
respectively. Statistically, in significant difference for
the effect of RA solution and ETHs on collagenase
were found (p> 0.05). Both enzyme inhibitions were
non-significant for RA solution and ETHs (p> 0.05).
There was a significant difference found between ETHs
and LPs (p< 0.05). ETHs were also found to be more
effective and successful than LPs for both collagenase
and elastase enzyme inhibition. ETHs were more suc-
cessful than LPs. ETHs and LPs have been used to
increase the amount of penetrated drug through skin
for many years. Previous studies demonstrated that
vesicular systems composed of phospholipids can
exhibit their enhancing effect on the skin in the pres-
ence of organic solvents such as ethanol. It has been
suggested synergistic effects of high ethanol concen-
trations and better phospholipids are responsible for
deeper penetration (Akiladevi and Basak 2010). In the
literature, the activities of anti-collagenase, antielas-
tase, and antioxidant of twenty-one plant extracts
were performed and aim to compare their effects.
Inhibition of different RA containing extracts on colla-
genase and elastase enzymes ranged from 30% to
89%. However, inhibition of elastase enzyme was not
obtained by these plant extracts (Thring et al. 2009).
In one of the review study, antioxidant, anti-collage-
nase, antityrosinase, ultraviolet protective effect, and
antioxidant effect of hydroxycinnamic acids and their
derivatives were evaluated for their cosmetic use and
effectiveness. RA, a hydroxycinnamic acid derivative,
was introduced as highly attractive for pharmaceutical
and cosmetic use because of its strong radical scaven-
ger effect. Nevertheless, the importance of encapsula-
tion of the active compound has been expressed.
Hydroxycinnamic acid was noted to have high cos-
metic usage potential having poor stability, easy disin-
tegration, and oxidation inhibition due to its
susceptibility to oxidation. In order to overcome
encountered problems, limitations, and to increase its
efficiency, the importance of drug delivery systems
was emphasised (Taofiq et al. 2017).

5. Conclusion

It was concluded that ETHs and LPs can encapsulate
RA successfully and they represented antioxidant, anti-
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collagenase, and anti elastase effect remarkably. ETHs
and LPs improved increased RA skin penetration sig-
nificantly. As expected, ETHs have been found to be
much more efficient than LPs and RA solution for
delivering the drug to the deeper layer of skin. These
ETHs containing RA may be useful and effective for
skin protection against free radicals-related and reduc-
ing wrinkles, and slowing down skin aging with trans-
dermal applications.
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