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Preparation and Characterization of Caffeine
Loaded Liposome and Ethosome Formulations for
Transungual Application
Transungual Uygulama için Kafein Yüklü Lipozom ve Etazom
Formülasyonlarının Hazırlanması ve Karakterizasyonu
Sakine TUNCAY TANRIVERDİ
Ege University, Faculty of Pharmacy, Department of Pharmaceutical Technology, İzmir, Turkey

ABSTRACT
Objectives: Nail plates have a structure that prevents transungual delivery of active agents. This situation makes it difficult to treat nail diseases.
Materials and Methods: In this study, CF-loaded liposome and ethosome formulations were prepared for ungual application. Formulations were
characterized by size, microscopic observation, pH, and entrapment efficiency measurements. The effects of formulations and experimental
conditions on nails were tested with characterization of nails before and after ex vivo permeation experiments.
Results: Microscopic observation confirmed the presence of spherical-structured vesicles. The particle sizes of vesicles were found as 545.3±0.121
nm, 610.2±0.943 nm, 349.5±0.145 nm and 337.9±0.088 nm for liposomes (FI-FII) and ethosomes (FIII- FIV), respectively. The polydispersity index
of particles was found under 0.5, and the pH of formulations was around 7. The encapsulation efficiency was found low due to the hydrophilic
character of CF. Nail characterization studies showed that the experimental conditions had an effect on the nail plate.
Conclusion: The cumulative amount of drug after ex vivo permeation studies was found higher for ethosomes than for liposomes. The results
confirm that liposomal systems could be promising systems for ungual drug delivery.
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ÖZ
Amaç: Tırnak plağı, etken maddelerin tırnaktan geçişini engelleyen bir yapıya sahiptir. Bu durum tırnak hastalıklarının tedavisini zorlaştırmaktadır.
Gereç ve Yöntemler: Bu çalışmada, ungual uygulama için CF yüklü lipozom ve etazom formülasyonları hazırlanmıştır. Formülasyonlar, yükleme
kapasitesi, partikül boyutları, mikroskopik görüntülemesi, pH değerleri ile karakterize edilmiştir. Formülasyonların ve deneysel koşulların tırnaklar
üzerindeki etkisi ex vivo geçiş çalışmaları öncesinde ve sonrasında yapılan tırnak karakterizasyonları ile test edilmiştir.
Bulgular: Mikroskobik inceleme veziküllerin dairesel yapısını konfirme etmiştir. Partikül boyutları lipozomlar (FI-FII) ve etazomlar (FIII-FIV) için
sırasıyla, 545.3±0.121 nm, 610.2±0.943 nm, 349.5±0.145 nm ve 337.9±0.088 nm olarak bulunmuştur. Partiküllerin polidispersite indeksi 0.5’in altında
bulunmuştur ve formülasyonların pH’si 7 civarındadır. CF’nin hidrofilik karakterine bağlı olarak yükleme kapasitesi düşük bulunmuştur. Tırnak
karakterizasyon çalışmaları deneysel koşulların tırnak plağı üzerinde etkisi olduğunu göstermiştir.
Sonuç: Sonuç olarak, ex vivo geçiş çalışmaları sonucunda birikimli ilaç miktarı etazomlarda lipozomlardan daha fazla bulunmuştur. Sonuçlar,
lipozomal sistemlerin ungual ilaç taşıyıcı sistemler olarak umut verici sistemler olduğunu doğrulamıştır.
Anahtar kelimeler: Transungual geçiş, tırnak, lipozom, etazom, kafein
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INTRODUCTION
The human nail produces a strong, relatively inflexible nail plate,
which is the most visible part of the nail apparatus.1 The nail
plate is derived from the epidermis but it is completely different
in structure. In nail plates, keratin molecules are highly linked to
disulfide bonds, which increase the thickness of the plates 100
times more than the epidermis.2,3 Nail plates have 80-90 layers
of dead cells and consist of hard and soft-type keratin, water,
and a small amount of lipid.4-6 Human nail plates behave like
a hydrophilic gel membrane.1,7,8 The structure of the nail plate
prevents effective ungual treatment of nail disorders because
active agents cannot permeate through nail plates.9-13 In order
to deliver a sufficient amount of active agent into and through
the nail plate, the permeability of the nail plate to the drug needs
to be enhanced.
Nail disorders can be treated with topical or oral therapies. Oral
therapy, especially for fungal infections, has toxicity due to the
long duration of treatment.1,14 As mentioned above, topical therapy
is limited with low drug permeation through the nail plate.10,15
Therefore, patients are advised to apply formulations on the
nail plate and surrounding tissue. Active drug can be eventually
delivered through an alternative pathway, i.e., the surrounding
skin above the nail plate, and the effectiveness is increased. In this
approach, liposomes and ethosomes could be effective systems
for transungual application of active agents. Liposomes are
vesicular systems composed of phospholipids already present
in the skin structure. Liposomes could enhance penetration of
many drugs through the upper layer of the stratum corneum.
Among their several possible pharmaceutic applications, they
have been widely applied in topical drug delivery.16-19 Liposomes
cannot be used as transdermal delivery systems due to their low
penetration through the deeper skin layers. Therefore, vesicular
systems such as ethosomes, transfersomes or niosomes are
delivered from liposomes. Ethosomes are vesicular systems
that contain high concentrations of ethanol.20 The presence
of ethanol in systems of lipid vesicles influences penetration
into the stratum corneum and the permeation of drugs.21 The
ethosomal system is composed of phospholipids, ethanol, and
water. Liposomes and ethosomes have a lipophilic character and
could use lipophilic pathways in the nail plate; they could lead to
more effective treatments of nail disorders. In the present study,
caffeine (CF) was chosen as a model drug owing to its water
soluble character, an relatively low molecular weight (194.2 g/
mol). CF-loaded liposome and ethosome formulations were
prepared and formulations were characterized via encapsulation
efficiency, particle size, and morphology. CF permeability
through the human nail plate was examined. Thus, by comparison
of the obtained permeability coefficients, the suitability of the
formulations was evaluated. The effects of formulations and
permeation conditions on human nail characteristics were
studied and the most promising formulation is suggested.

MATERIALS AND METHODS
CF was purchased from Böhringer Ingelheim (Ingelheim am
Rhein, Germany) and phosholipon 90 G and lipoid S 100, were
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gifts from lipoid AG (Steinhausen Switzerland). Cholesterol
was purchased from Sigma Company (St. Louis, USA). All other
chemicals and reagents used in this study were of analytical
grade or higher and were obtained commercially. In this
work, nail samples were used for ex vivo permeation studies.
The human cadaver nail samples were collected from human
corpses that had been used in anatomy courses of Institute
of Anatomy and Cell Biology, Freiburg, Germany. Therefore,
ethics committee approval was not needed and was not taken.

Preparation of liposomal formulations
Liposomes were prepared using the thin film hydration method.18
Phospholipid, cholesterol and CF were dissolved in chloroform.
Chloroform was then evaporated using a rotary evaporator (IKA
RV10, Staufen, Germany) at 40 °C and 100 rpm. The flask was
left under vacuum overnight to completely remove all traces
of the solvent. The obtained thin film on the flask wall was
hydrated with 10 mL phosphate-buffered saline (PBS, pH: 7.4).
The liposomal suspension was homogenized using a polytron
(Kinematica AG, Switzerland) at 13,000 rpm for 15 min. The
compositions of liposomes (FI and FII) are shown in Table 1.

Preparation of ethosomal formulations
Ethosomal formulations were prepared according to the
ethanol injection method (Table 1, FIII and FIV).20 Phospholipid
and CF were dissolved in ethanol and double-distilled water,
respectively. The aqueous phase was added slowly to the lipid
solution with constant stirring at 700 rpm. The system was kept
at 30 °C. The resulting vesicle suspension was homogenized
using a polytron (Kinematica AG, Switzerland) at 13,000 rpm
for 15 min.

Characterization of formulations
The particle size and polydispersity index of the formulations
were determined using a light scattering method with a
Malvern Zetasizer 1000 HS (Malvern Instruments, England).
The vesicular suspensions were diluted with PBS (pH: 7.4)
for liposomes and 40% of the ethanol:water mixture for
ethosomes before measuring particle size. The pH values of
the formulations were determined using a pH meter (Jenway
3040 Ion Analyze) at 25±1 °C. All experiments were replicated
Table 1. Compositions of the formulations FI-FIV
Compositions

FI

FII

FIII

FIV

Caffeine

0.025 g

0.025 g

0.177 g

0.174 g

Lipoid S 100

0.222 g

0.15 g

0.3 g

Ethanol

6g

6g

Water

8.673 g

8.526 g

Phospholipon 90 G

0.222 g

Cholesterol

0.277 g

0.277 g

Chloroform

12.5 mL

12.5 mL

PBS (pH: 7.4)

10 mL

PBS: Phosphate-buffered saline

10 mL
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at least three times. The formulations were visualized using
transmission electron microscopy (TEM) (Philips, Amsterdam)
to confirm vesicular structure. The samples were negatively
stained with a 1.5% aqueous solution of phosphotungstic acid.
The vesicular suspensions were placed onto a carbon-coated
copper grid and the excess solution was removed with a filter
paper. The grid was left in room conditions for air-drying and
then the films were observed on the TEM. The entrapment
efficiency (EE) of both methods regarding CF was measured
using the dialysis bag method.22-24 One milliliter of drugloaded liposomes and ethosome dispersions were dropped
into a cellulose acetate dialysis bag (Spectra/Por®, MW cut-off
12.000; Spectrum, Canada) immersed in 150 mL of water. The
system was stirred at 400 rpm. After taking samples from the
receiver solutions, fresh samples were added to obtain sink
conditions. CF was spectrometrically assayed at 273 nm using
an ultraviolet (UV)-spectrophotometer (UV-spectrophotometer
DU720, Beckman Coulter, California, USA). The percent of
encapsulation efficiency (EE %) was calculated according to
the following equation.
EE%=
		

[Total drug)-(diffused drug]
[total drug]

.100

(Eq. 1)

Preparations of nails
Human cadaver nail samples were collected from human
corpses that had been used in anatomy courses of Institute of
Anatomy and Cell Biology, Freiburg, Germany. The whole nail
plate collection technique was previously reported by Tuncay
Tanrıverdi, 2013.25 Only “healthy” nail plates were taken for
permeation studies. Nail samples were kept at -20 °C.

Characterization of nail samples
The nail plates were left at room temperature overnight to
equilibrate. Before starting the permeation experiments, the
nail plates were weighed and the thickness of plates was
measured with using digital micrometer (Digit cal SI, TESA S.A,
Renens, Switzerland). Transonychial water loss (TOWL) was
measured (Tewameter TM210, Courage&Khazaka Electronic
GmbH, Germany) and Visioscan images (Visioscan VC98,
Courage&Khazaka Electronic GmbH, Germany) of the nail plates
were taken. The nail plates were then immersed in PBS (pH:
7.4) for hydration. The characterization study was performed
again after hydration in PBS and after the permeation studies.
The nail plates were left to dry at room conditions after the
permeation studies and characterization was performed one
again.

400 µL was taken from each cell over a period ten days and
replaced with the same volume of PBS (pH: 7.4) warmed to
32 °C. The amount of drug in the sample was measured
using a UV-spectrophotometer at 273 nm. The permeability
coefficient, p (cm/s) was calculated from the CF flux in the
steady state and the initially measured CF concentration of
the applied formulation. The enhancement factor represents
the permeability coefficient of a formulation divided by the
permeability coefficient of ethanol: water and water solutions
of CF such as a control. Thus, the possible enhancing effect of
ethanol was eliminated. Additionally, the possible interference
of ethanol on UV measurement was investigated and it was
concluded that an enhancement factor did not notably change
the results.

RESULTS AND DISCUSSION
Characterization of formulations
The CF-loaded liposomes and ethosomes (FI- FIV) were
scanned using TEM and spherical structures were confirmed
(Figure 1).
The particle size and the polydispersity of size distribution of
the liposome and ethosome formulations measured by light
scater are shown in Table 2. In accordance with other authors,
the conventional liposomes showed a larger particle size and a
higher polydispersity than the ethosomes.26 Statistical analyses
[One-way ANOVA, post-hoc Tukey honest significant difference
(HSD) test] showed that the particle size of all formulations
were significantly different (p<0.01). As reported by LópezPinto et al.24, ethanol confers a surface negative net charge
to vesicles, which causes a decrease in the size of vesicles.
The ability of the vesicles to entrap CF was investigated. EE
was determined to be rather low according to the hydrophilic
character of CF. Significant differences were observed between
the four formulations (One-way ANOVA, post-hoc Tukey HSD
test, p<0.01).

Nail characterization
The nails were characterized via, weight, thickness, Visioscan
images, and TOWL. The nails were characterized before the nail

Nail permeation studies
A nail adaptor was used to fix the nail plates on Franz diffusion
cells with an area of 0.785 cm2. The acceptor chambers were
filled with 5 mL of PBS (pH: 7.4), and 400 µL of liposome and
ethosome suspensions were added to the donor chamber. The
receptor phase was constantly stirred using a magnetic stirrer
at 400 rpm. The system was kept at 32 °C with a water bath
and water jacket of the diffusion cells. Each day, a sample of

Figure 1. Transmission electron microscopy images of caffeine-loaded
liposomes and ethosomes (FI, FII, FIII and FIV)
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permeation experiment. Then nails were immersed in PBS and
characterized after being taking out from PBS. The parameters
were tested after the permeation study, and finally, the nails
were kept at room temperature to dry for 24 h. After drying, the
nail samples were characterized again. The weight of the nail
plates increased after immersion in PBS for 1 h. The percentage
of weight increase was found as 23.89%. The plates behave
like a hydrophilic gel system. Therefore, plates could swell
after immersion in solvent. However, 24 h after the experiment,
the weight of nails decreased due to drying of the samples.
It was concluded that the experimental conditions and room
temperature could affect the weight of the nails. The thickness
of the nails was also measured three times per nail. The nail
thickness varies according to the person and the measured
region as they are biological tissue. The nail samples were kept
in PBS before the experiment. The sample thicknesses were
re-measured after removal from PBS. The thickness of six
nails increased, whereas the thickness of the other six nails
decreased. The TOWL of the nails was measured before, after
1 h PBS immersion, after the experiment, and one day after
the experiment. The results of TOWL are summarized in Table
3. The data showed that TOWL of the nails increased after 1 h
immersion in PBS and after the experiment, as expected. On
the day after the permeation experiment, the TOWL values of all
nails decreased as was seen in the weight of nails. However,
no correlation between TOWL and weight was found. This
probably due to the decreasing water content during the 24
h, and then they became dry. The differences in TOWL can be
partially assigned to the different thicknesses of the nail plates,
as shown in Figure 2, where a relatively good correlation
between thickness and TOWL was found before the permeation
experiment.
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water for ethosomes and in water for liposomes were used as
control formulations. A significant improvement in permeability
was found for both ethosomal formulations (One-way ANOVA,
post-hoc Tukey HSD test, p<0.01). As expected, the molecular
size of the vesicles had an inverse relationship with permeation
through the nail plate (Figure 4). The ethanol/water solvents
present in the system are suggested to hydrate the nail plate and

Figure 2. The influence of nail plate thickness on transonychial water
loss
TOWL: Transonychial water loss

The nail permeation experiments were continued for 10 days.
During the experiments, the nails were treated with formulations
and receptor phase at 32 °C. A Visioscan VC 98 was used to
evaluate nail surfaces before and after experiment.27 Figure
3 shows the dry surface of a nail plate before and 24 h after
the experiment, which was treated with different formulations.
The results showed that the application of liposomes and
ethosomes induced a change of the superficial nail structure.
Ethosomes had a greater effect on nail plates due to their high
ethanol concentration.

Nail permeation studies
Table 4 shows the permeability coefficients and enhancement
factors of the applied formulations. CF solutions in ethanol:

Figure 3. Visioscan images of nail before and after permeation
experiment treated with FI-FIV formulations. A) The image of nail plate
before the experiment

Table 2. Characterization of formulations
FI

FII

FIII

FIV

Z-size (nm)

545.3±0.121

610.2±0.943

349.5±0.145

337.9±0.088

PI*

0.375±0.031

0.253±0.034

0.195±0.03

0.249±0.074

EE (%)*

7.17±0.14

16.95±0.21

9.92±0.12

18.40±0.63

pH

7.33±0.03

7.33±0.02

7.73±0.01

7.79±0.01

*PI, represents the polydispersity index used as indication of size distribution of vesicles, EE: Encapsulation efficiency, PI: Polydispersity index
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Table 3. Transonychial water loss values of 12 nails
TOWL (g/hm2)*
Liposome (FI-FII)

Ethosome (FIII-FIV)

Nails

B.E*

A.PBS*

A.E.*

D.A.E.*

Nails

B.E*

A.PBS*

A.E.*

D.A.E.*

1

0.8±0.01

6.6±0.04

5.5±0.02

0.9±0.01

7

0.3±0.01

7.1±0.03

12.9±0.04

0.2±0.01

2

1.3±0.02

6.1±0.02

11.8±0.01

0.3±0.01

8

0.4±0.03

12.6±0.02

12.3±0.05

0.6±0.03

3

1.2±0.02

8.9±0.03

5.8±0.04

0.6±0.02

9

0.2±0.02

5±0.02

13.9±0.02

0.3±0.02

4

1.3±0.01

6.6±0.01

7.6±0.05

0.5±0.02

10

0.4±0.05

8.8±0.03

16±0.01

0.2±0.01

5

1±0.02

8.5±0.01

9.5±0.02

0.8±0.01

11

0.3±0.03

4.5±0.05

14.4±0.05

0.1±0.01

6

1.1±0.01

7±0.03

15.9±0.06

0.5±0.02

12

0.1±0.01

10.5±0.06

18±0.03

0.1±0.03

*B.E.: Before experiment, A.PBS: After immersing in phosphate-buffered saline for 1 h, A.E.: After experiment, D.A.E.: Day after experiment,
TOWL: Transonychial water loss

Table 4. Permeability coefficient and enhancement factor of
formulations and references
Formulations

Permeability coefficient
(x10-8 cm/s)

Enhancement
factor

FI

3.4±2.007

2.18

FII

5.5±1.31

3.53

FIII

17.953±6.148

10.20

FIV

14.9±5.142

8.47

Control CF-E/W

1.56±0.85

1.00

Control CF-W

1.76±0.79

1.00

CF: Caffeine

thus increase permeation of CF. Kobayashi et al.28 suggested
that permeability through healthy and fungal nail plates is not
significantly different. Thus, fungal nail permeability can be
estimated from healthy nail permeability data. They also noted
that the flux of drug through very heavily infected fungal nail
plates might be higher than through healthy nail plates.

CONCLUSION
Nail disorders cannot be successfully treated with topical
therapy due to the hard structure of nail plates. The nail plate
is a barrier for the penetration of active substances. The aim of
the study was to investigate the penetration enhancing effect of
liposome and ethosome formulations for transungual delivery.
CF was chosen as a hydrophilic drug. In this study, CF loaded
liposomes and ethosomes were prepared for the first time for
ungual application. Also, the effects of formulations and ex
vivo permeation study conditions on nail plates were recorded
via several parameters. CF was loaded with ethosomes and
liposomes with low loading capacity because of the hydrophilic
character of active agent. The particle size of ethosomes was
found lower than liposomes. According to ex vivo studies, it was
concluded that ethosomes had a greater penetration enhancing
effect than liposomes. Finally, nail characterization studies
showed that the experimental conditions had an effect on nail
properties. As a conclusion, hydrophilic-drug-loaded liposome

Figure 4. Cumulative amount of drug in receptor phase during the
permeation experiment

and ethosome formulations were prepared and characterized.
The results suggest that liposomes and ethosomes could
enhance penetration of hydrophilic substances through nail
plates and both systems can be used for topical treatment of
nail disorders.
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