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A B S T R A C T   

Purpose: The aim of this research was to investigate the effect of non-invasive dermal electroporation (EP) on the 
barrier function of the skin and on the permeation of a model macromolecule in combination with different 
dermal formulations. 
Methods: Skin samples were treated with non-invasive dermal EP treatment for 2 min. Firstly, the effect of EP on 
the barrier function of the skin was examined on mouse skin in vivo by measuring transepidermal water loss 
(TEWL). Then, the effect of EP on human skin permeation was investigated ex vivo under a fluorescence mi-
croscope in combination with different dermal formulations. The human skin was treated with a solution, a 
hydrogel, and a film-forming system (FFS) containing 4 kDa fluorescein isothiocyanate-dextran (FITC-dextran) 
with or without EP. The increased fluorescence intensity shows the presence of FITC-dextran in the skin layers. 
Results: The results showed, that the TEWL values increased rapidly after the treatment, and it took approxi-
mately 5 min to be restored. The results of permeation experiments showed that just slight permeation of FITC- 
dextran could be noticed from any formulation without EP; however, the permeation from the solution and the 
FFS increased highly in combination with EP. 
Conclusion: The EP decreased the barrier function of the skin reversibly and the structure of SC was restored in a 
short time after the treatment. FITC-dextran, as a macromolecule, can just slightly permeate into the skin with 
passive diffusion. EP could increase the permeation rate of FITC-dextran remarkably compared to the control 
treatments; however, the composition of the formulations has a great influence on the permeation.   

1. Introduction 

The skin protects our body from the external environment and 
foreign materials and sets a barrier against the loss of water. The stratum 
corneum (SC) forms the outermost layer of the skin, which is 15–20 μm 
thick and provides an effective barrier against drug permeation [1,2]. 
Thereby, the permeation of drugs through the SC is one of the greatest 
challenges for pharmaceutical technology. Nevertheless, dermal drug 
delivery is still an attractive administration route of drugs due to its 
advantages. It is a non-invasive and painless route, thereby improving 
patient adherence. Furthermore, the first-pass effect and the gastroin-
testinal system can be avoided, so it is a good alternative, for example, in 
the case of gastric irritation [3–5]. 

In the case of dermal drug delivery, different layers of the skin can be 

targeted. On the one hand, drugs can be applied in transdermal for-
mulations, which penetrate through the skin and be absorbed into the 
systematic circulation [6]. On the other hand, drugs can also permeate 
into different skin layers (epidermis or dermis) and affect locally; for 
instance, in acne therapy, the upper layers of the skin are exposed, while 
in local anesthesia, the sensory nerve endings should be reached. The 
depth of the permeation depends on the applied therapy [7]. 

The bioavailability of dermal formulations depends on the capability 
of drugs to transport through the SC [8]. From a pharmaceutical tech-
nology perspective, there are three possible dermal routes through 
which the drug transport can be provided: transcellular, intercellular, 
and follicular permeation pathways via appendages [9,10]. Physico-
chemical properties of drugs have a high influence on the type of the 
pathway; however, most molecules go through the combination of these 
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administration routes [11]. Partition coefficient, ionization, and the 
molecular size of chemicals should be considered during the examina-
tion of drug permeation. For instance, up to 500 Da, the molecules can 
cross the SC by passive diffusion; however the smaller molecules have a 
higher capability to go through the SC [12,13]. 

Different permeation enhancer techniques have been studied to 
widen the range of drugs for dermal delivery, and new techniques are 
currently under development. They can be categorized into passive and 
active methods based on increasing drug permeation with or without 
providing the driving force [14]. Passive approaches can increase the 
skin permeation by increasing the solubility of drugs in the SC, for 
instance, by increasing skin hydration or using chemical enhancers [15, 
16]. Furthermore, using different types of formulations, such as vesicles 
(e.g., nanoparticles, microemulsion), can enhance the drug diffusivity in 
the SC [17]. Finally, increasing the drug concentration in the formula-
tion, for instance, with a supersaturated system, also leads to improved 
drug permeation, as in the case of film-forming systems (FFS) [18]. In 
contrast, active approaches use physical forces to decrease the skin 
barrier and provide the driving force even for the permeation of hy-
drophilic substances and macromolecules [12]. The active methods are 
distinguished based on the applied energy. Electroporation and ionto-
phoresis use electrical energy to increase the permeation [19,20]. Me-
chanical methods involve microneedles, abrasion, and stretching 
techniques, while thermal methods such as radiofrequency, laser, and 
photomechanical waves, use warmth as a driving force [21]. 

Electroporation (EP) is an active approach, which promotes drug 
permeation by high voltage and short duration pulses. Due to the electric 
pulses, the structure of lipid bilayers changes, aqueous pores are formed, 
which allow macromolecules such as DNA, antibodies, and proteins to 
transport through them [22–24]. Different electrodes can be used to 
deliver pulses: needle, plate, needle-free microelectrode array, and 
multi-electrode array electrodes. The drug delivery can be controlled by 
amplitude, duration, and the number of pulses [25]. On the one hand, 
during EP treatment cellular membrane permeability can be accelerated 
so cellular uptake can be increased. Due to this widely used method, 
called electrochemotherapy, antitumor agents are delivered intracellu-
larly to treat tumors located in the skin [26–29]. On the other hand, 
needle-free non-invasive dermal EP has high relevance in medical 
treatments because it can be used on the skin surface to accelerate both 
transdermal and topical drug administration [25,30–33]. During the EP 
treatment, the resistance of SC decreases, the electric field reaches the 
deeper layer of the skin, and drugs can permeate more effectively [12]. 
Dermal EP can be applied alone or in combination with other perme-
ation enhancement methods (e.g., with a specialized drug delivery 
system) because their combined effect could further improve the drug 
permeation [34]. This method could be an appropriate alternative in 
painful and chronic medical conditions and could also be beneficial in 
enhancing patient compliance [35,36]. Furthermore, non-invasive 
dermal EP is also preferred in the cosmetic industry as a part of meso-
therapy [37–39]. This treatment may decrease the unpleasant sign of 
stretch marks and wrinkles and can help regain skin firmness. The active 
ingredients are rubbed in with a circular motion by using a special 
treating handpiece, thereby the clients can feel comfortable due to its 
relaxing effect [35,36]. 

EP is frequently applied in combination with other techniques to 
increase permeation because the combined use with different formula-
tions could be favorable both during clinical or cosmetic treatments [3]. 
However, further investigations are required for the effective applica-
tion of non-invasive dermal EP. In this research, we set the goal to 
investigate the permeation enhancer property of EP with the following 
aims:  

• Investigate the effect of non-invasive dermal EP on mouse skin by 
measuring transepidermal water loss (TEWL) to examine the change 
in the barrier function of SC. 

• Develop a routine examination method using fluorescence micro-
scopy to investigate the changes in permeation of a model macro-
molecule caused by EP.  

• Investigate the permeation enhancing effect of non-invasive dermal 
EP in combination with different dermal formulations on a model 
macromolecule. 

2. Material and methods 

2.1. Materials 

Fluorescein isothiocyanate-dextran (FITC-dextran) at an average 
molecular weight of 4000 Da was supplied by Sigma Aldrich (Budapest, 
Hungary). Poly (vinyl alcohol) (87–90% hydrolyzed, average mol wt. 
30,000–70,000) was provided by Sigma-Aldrich (Budapest, Hungary). 
Ethanol (96 per centum, Ph. Eur. 9.) was obtained from Molar Chemicals 
Ltd. (Budapest, Hungary). Xantural ® 180 Xanthan Gum was from CP 
Kelco A Huber Company. EMAL® 270D (70% sodium laureth sulfate 
(SLES)) was from Kao Chemicals Europe S.L. (Barcelona, Spain). Puri-
fied and deionized water was used (Milli-Q system, Millipore, Milford, 
MA, USA). 

2.2. Protocol of EP treatment 

Non-invasive EP treatment (Fig. 1) was applied in vivo on the dorsal 
surface of mouse skin and ex vivo on full-thickness human abdominal 
skin with a Mezoforte Duo Mez 120905-D instrument (Dr Derm Equip-
ment Ltd., Budapest, Hungary). The device is equipped with a 
polypropylene-covered treating handpiece, which has a plate electrode 
(25 mm in diameter) contacting indirectly to the treated surface. Mod-
ulation involves 900 V with a duration of 5 ms, followed by a 20 ms 
break. The EP treatment lasts for 2 min (2400 periods/min) [33,40,41]. 

2.3. Examination of the effect of EP on skin barrier function in vivo 

In order to determine the in vivo effect of EP on the skin barrier 
function, 3-4-month-old male SKH-1 hairless mice were used for the 
examination. EP was applied on the dorsal skin surface of hairless mice. 
The animals were anesthetized with a mixture of ketamine (90 mg/kg 
bodyweight) and xylazine (25 mg/kg bodyweight) before the treatment 
intraperitoneally. After the experiments, an overdose of ketamine (300 
mg/kg) was added to euthanize them. A thermoneutral environment 
with a 12-h light-dark cycle was ensured for the mice. They were kept in 
plastic cages, and they had access to standard laboratory chow and 
water. All experiments were in full accordance with the NIH guidelines, 
and the interventions were approved by the Ethical Committee for the 
Protection of Animals in Scientific Research at the University of Szeged 
(license number: V./145/2013) [42]. Transepidermal water loss (TEWL) 
was measured by using a Tewameter TM 300 attached to a Multi Probe 
Adapter MPA 5 (Courage und Khazaka, 6 Germany). The measurement 
was started immediately after the EP treatment, and it was carried out 
for 7 min continuously. The device measured TEWL every second. Three 
parallel measurements were performed on three different mice. The 
results are shown in percentage compared to the TEWL value of the 
untreated mouse skin ±standard deviation. The following correlation 
was used at each point during the evaluation [30,42,43].  

TEWL (%) = (TEWLtreated/TEWLuntreated) x 100–100                            (1)  

2.4. Examination of the permeation enhancer effect of EP ex vivo 

Excised human skin was provided by a routine plastic surgery pro-
cedure from a Caucasian female patient in the Department of Derma-
tology and Allergology, University of Szeged. Ethical permission is not 
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needed to examine skin permeation ex vivo because tissue samples to be 
destroyed are hazardous waste in Hungary (Act CLIV of 1997 on Health, 
Section 210/A, Hungary). The ex vivo skin permeation studies (Notifi-
cation document number: 83/2008) were announced to the local ethical 
committee (Regional Ethics Committee for Human Biomedical 
Research, University of Szeged)). After the plastic surgery, the skin 
surface was gently cleaned with cotton swabs and stored at − 21 ◦C for 
up to 6 months before the usage [44–46]. 

The effect of EP was detected ex vivo under a fluorescence micro-
scope. 4 kDa FITC-conjugated dextran was applied as a model substance 
in the formulations. FITC-dextran is water-soluble and has a high mo-
lecular weight, thereby its passive permeation through the skin with 
diffusion is limited [47]. Full-thickness subcutaneous fat-free human 
abdominal skin was used in the experiment at room temperature. The 
skin sections were defrosted and stored on filter papers covered in 
phosphate-buffered saline solution to maintain their hydration. 

In the first experiment, the passive permeation of FITC-dextran from 
different dermal formulations was detected without EP. 0.2 g of each 
formulation was applied on the skin surface with 5, 10, and 30 min of 
observation time to ensure the permeation of FITC-dextran. After the 
treatment, the residual formulation was wiped. In the second experi-
ment, the effect of EP was examined in combination with the different 
formulations. In this case, a 2-min-long EP treatment was administered 
on the skin surface then the formulation was applied on the treated skin 
for 5, 10, and 30 min. After the treatment, the residual formulation was 
wiped. 

After the treatments, a piece of the treated skin was frozen and 
sectioned with Leica CM1950 Cryostat (Leica Biosystems GmbH, Wet-
zlar, Germany). 10-μm-thick cross-sections were placed on slides and 
analyzed with a light microscope (LEICA DM6 B, Leica Microsystems 
GmbH, Wetzlar, Germany) at room temperature under a red fluores-
cence filter (580–660 nm) to avoid the autofluorescence of the skin [48, 
49]. FITC-dextran has an emission maximum at 520 nm. 200× magni-
fication was used during the examination. The exposition time was 1.00 
s, and the gain value was 5. Pictures about the untreated skin were also 
recorded to provide negative control, and skin treated with sodium 
laureth sulfate formulation (SLES) was used as a positive control. 

Pictures about the treatments were recorded and compared to the con-
trols and to each other visually. ImageJ software was used to evaluate 
the color intensity of the pictures and the relative standard deviation 
(RSD, %), which refers to the distribution of color intensity in a picture. 
The increase in intensity is shown in percentage compared to the 
negative control (untreated skin). The increase in intensity can be 
evaluated as a relevant change only if it is higher than 50% and the RSD 
is low because this evaluation method is not sensitive enough to 
distinguish small changes. 

2.5. Preparation of the formulations 

The SLES solution was used to make a positive control. During the 
formulation, 0.1% FITC-dextran was dissolved in 10% purified water 
and dispersed in EMAL® 270D to 100% [50]. 

Furthermore, three different formulations were made: solution, 
hydrogel, and FFS. In all formulations, 0.1% FITC-dextran was used to 
detect its permeation under the fluorescence microscope. In the case of 
the solution and the hydrogel, FITC-dextran was dissolved in purified 
water. Additionally, 3% xanthan gum was added to the hydrogel to 
provide gel consistency [51]. 

During the formulation of the FFS, 10% PVA was dissolved in water 
at 80 ◦C under continuous mixing, and 0.1% FITC-dextran and 10% 
ethanol were added after it cooled down [52]. In this formulation, PVA 
and Xanthan gum were used as film-forming excipients, while ethanol is 
the volatile component. During the application, the evaporation of 
volatile component ensures the formation of a supersaturated system 
[53,54]. Fig. 2 shows the composition of the positive control and the 
examined formulations. 

3. Results 

3.1. Examination of the effect of EP on skin barrier function in vivo 

This experiment aimed to detect the effect of EP treatment in vivo on 
mouse skin. It is described in the literature that the lipid bilayer struc-
ture of the SC changes after the EP treatment and microchannels open, 

Fig. 1. Mechanism of non-invasive electroporation treatment.  
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allowing the permeation of the substances through the skin [55,56]. 
However, it is also essential to restore the original structure, so the effect 
of EP should be reversible. We aimed to examine the changes in the skin 
barrier function caused by EP and obtain information about how long it 
takes to get the ordered structure under the applied conditions 
measuring by TEWL values [57,58]. 

The results show that after EP treatment, the TEWL values increased 
by more than 500% abruptly. This increase is enormous compared to the 
normal TEWL, which can prove the effect of EP on the skin barrier. As 
the examination progressed, TEWL decreased gradually. After 5 min, 
TEWL was restored almost to the original condition (around 20%), and 
only a slight fluctuation could be observed, which is a natural property 
of the skin [58]. Fig. 3 shows the effect of EP on the TEWL values. The 
changes in TEWL are shown in percentage compared to the untreated 
mouse skin. 

3.2. Examination of the permeation enhancer effect of EP ex vivo 

3.2.1. Control experiments 
Two control experiments were carried out during the examination: 

the negative and the positive control. In the case of negative control, the 
untreated skin was examined to determine the appearance of the skin 
under fluorescence microscope. In the recorded pictures, the SC 
appeared with high fluorescence intensity (Fig. 4A). This attribute of 
untreated skin has been previously observed in the literature, suggesting 
a physiological appearance of SC structure [59]. However, the lower 
epidermal and dermal skin layers have only slight intensity under the 
fluorescence filter (Fig. 4B), so we can detect the permeated 

FITC-dextran in these skin layers without the autofluorescence of the 
skin interfering with the evaluation. 

In the case of positive control, pictures about the SLES treatment 
were taken without EP, where sodium laureth sulfate was used as a 
permeation enhancer to provide permeation. From this formulation, a 
high permeation rate could be expected because alkyl sulfates can break 
down the barrier structure and allow all substances to pass through the 
SC [60]. The increase in intensity (%) compared to the untreated skin 
(negative control) ± relative standard deviation (RSD (%)) is shown 
below the pictures. Relevant increase, where the fluorescence intensity 
increases at least by 50% and the RSD is low, is highlighted in orange. 
The results show (Fig. 5) that the light intensity of the skin is strongly 
increased after the SLES treatment, which means that SLES decreased 
the barrier function of the SC, and FITC-dextran could penetrate into the 
lower skin layers, as was expected. The intensity already increased after 
5 min of observation time (83%), but the highest intensity could be 
observed after 10 min (177%). In 30 min, only slight fluorescence in-
tensity could be seen (48%), suggesting a lower presence of 
FITC-dextran in these skin layers. Based on the results, the pictures of the 
SLES treatment are appropriate for use as a positive control during the 
evaluation of further treatments. 

3.2.2. Investigation of different formulations with and without EP 
Firstly, the solution containing FITC-dextran was applied on the skin 

surface to examine its permeation (Fig. 6A). It can be noticed that 
fluorescence intensity increased slightly with increasing observation 
time. However, there are no remarkable differences between the pic-
tures, so significant permeation could not be observed. This result was 

Fig. 2. Composition of the positive control (A) and the examined formulations (B).  

Fig. 3. Effect of electroporation on the skin barrier function by measuring transepidermal water loss (TEWL). 
Notes: TEWL values measured after EP treatment. The measurements were carried out continuously for 7 min. The changes in the TEWL values are shown in 
percentage (%) compared to the untreated mouse skin ±SD. Abbreviations: SD, standard deviation of the mean. 
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expected because the high-molecular-weight dextran cannot permeate 
into the skin by passive diffusion [13]. Then, the combination of EP and 
solution treatment was investigated (Fig. 6B). With higher observation 
times, increased fluorescence intensity can be seen. This intensity is 
remarkable compared to the controls and much higher compared to the 
treatment without EP. After 10 min, a 109% permeation increase could 
be noticed, but the highest permeation was after 30 min of observation 
time (162%). 

Secondly, hydrogel containing FITC-dextran was examined (Fig. 7A). 

The pictures do not show any changes in intensity, or only slight in-
tensity could be observed in the lower skin layers compared to the 
negative control, thus FITC-dextran could not be detected in the skin 
after 5, 10, or 30 min. Thereafter, the combined effect of EP and 
hydrogel treatment was investigated (Fig. 7B). Interestingly, only the 
treatment with 5-min observation time showed a significant increase in 
intensity compared to the negative control; however, the RSD value was 
also high. In the other cases, the fluorescence intensity was just slightly 
higher than in the hydrogel treatment without EP. Permeation cannot be 

Fig. 4. Examination of untreated skin with fluorescence microscopy: The upper skin layers with the stratum corneum (A) and the lower skin layers (B).  

Fig. 5. Skin treated with the SLES with 5-, 10-, and 30-min observation time. The increase in intensity (%) ± RSD (%) compared to the untreated skin (negative 
control) is shown below the picture. Relevant increases are highlighted in orange. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 6. Skin treated with the solution containing FITC-dextran (A) and in combination with EP (B) with 5-, 10-, and 30-min observation time. The increase in in-
tensity (%) ± RSD (%) compared to the untreated skin (negative control) is shown below the picture. Relevant increases are highlighted in orange. (For interpretation 
of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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assumed from the calculated intensity due to the high RSD values. 
Finally, FFS containing FITC-dextran was investigated. The results 

show (Fig. 8A) that there is just a slight increase in the intensity after 30 
min of FFS treatment. However, this change was not significant 
compared to the negative control. However, the combination of FFS and 
EP treatment (Fig. 8B) caused a significant increase in fluorescence in-
tensity after 30 min of observation time, suggesting a higher presence of 
FITC-dextran in these skin layers. 

4. Discussion 

4.1. Examination of the effect of EP on skin barrier function in vivo 

The findings of TEWL values after non-invasive EP treatment indi-
cate that EP makes a relevant change in the barrier function of the SC. 
The exposure time of EP was 5 min under the present conditions on 
mouse skin. During this period, microchannels are open for permeation 
through the SC, and the defense system of the skin is reduced. However, 
the skin barrier function is restored in a short time, which proves that EP 

has a reversible effect. This property is essential for the safe applicability 
both in clinical treatment and in cosmetic use; furthermore, it allows EP 
to be performed as a routine treatment and reduces the possibility of the 
permeation of external stressors after the treatment. During the evalu-
ation, differences between mouse skin and human skin need to be 
considered; for instance, mouse skin is thinner than human adult skin 
[61]. Although the exposure time of non-invasive EP on mouse skin 
cannot be directly translated to the human skin, it can be concluded that 
the skin structure is restored in a short time, and this can be presumed in 
human skin, too. Based on these results, 5, 10, and 30 min of observation 
times were applied in the ex vivo experiments to provide enough time for 
the permeation of the model substance into the lower skin layers. 

4.2. Examination of the permeation enhancer effect of EP ex vivo 

The control experiments showed that the untreated SC has high 
fluorescence intensity, but the lower skin layers appear dark in the 
pictures. Thereby, the intensity from penetrated FITC-dextran can be 
seen in the skin, thus the untreated skin is appropriate to provide 

Fig. 7. Skin treated with the hydrogel containing FITC-dextran (A) and in combination with EP (B) with 5-, 10-, and 30-min observation time. The increase in 
intensity (%) ± RSD (%) compared to the untreated skin (negative control) is shown below the picture. 

Fig. 8. Skin treated with the FFS containing FITC-dextran (A) and in combination with EP (B) with 5-, 10-, and 30-min observation time. The increase in intensity 
(%) ± RSD (%) compared to the untreated skin (negative control) is shown below the picture. The relevant increase is highlighted in orange. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web version of this article.) 
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negative control for the evaluation. In the case of positive control, SLES 
treatment was performed to obtain a picture where FITC-dextran un-
doubtedly permeated into the skin. During the SLES treatment, sodium 
laureth sulfate as a permeation enhancer decreases the barrier function 
of the skin and ensures the high permeation of FITC-dextran. SLES 
treatment with 10 min of observation time showed outstandingly high 
fluorescence intensity in the examined skin layers, so this picture can be 
used as a positive control. 

In the following, different dermal formulations (solution, hydrogel, 
and FFS) containing FITC-dextran were used in combination with EP 
treatment to evaluate their skin permeation enhancer effect. Based on 
the results, it can be assumed that only a low amount of FITC-dextran 
(4000 Da) can permeate from all formulations without EP because the 
SC forms an effective barrier against chemicals with molecular weights 
higher than 500 Da [13]. 

In the case of the solution containing FITC-dextran, the EP treatment 
could improve the permeation remarkably. Based on this, EP decreased 
the barrier function of SC effectively and provided a permeation route 
for FITC-dextran. Interestingly, the fluorescence intensity showed only a 
slight increase due to the EP and hydrogel treatment, so just a small 
FITC-dextran permeation can be assumed during the examined time 
interval. This can be explained by the composition of the preparation. 
The hydrogel contained xanthan gum as a viscosity enhancer excipient 
in the formulation to provide the appropriate gel consistency. However, 
xanthan gum is also a macromolecule, thereby it can interfere with the 
skin permeation of other macromolecules by retaining FITC-dextran in 
the formulation and delaying the permeation of the model substance 
[51,62]. In the applied concentration, the effect of xanthan gum was 
highly remarkable, so not even the EP treatment could ensure the 
permeation of FITC-dextran. Thus, the viscosity enhancer excipient 
needs to be replaced in the hydrogel formulation for efficient therapy 
treated with a macromolecule and EP. In the case of FFS treatment, EP 
had a favorable effect on the permeation of FITC-dextran. This formu-
lation also contained xanthan gum, but its concentration was a third of 
the concentration in the hydrogel, so the composition of FFS allows the 
release of FITC-dextran, and the permeation enhancer effect of EP could 
prevail. Based on these results, the composition of the formulation 
greatly influences the permeation enhancing effect of EP. From the 
examined compositions, the solution and FFS were appropriate for 
co-administration with EP. 

When evaluating the permeation with different observation times, it 
can be concluded that the permeation of FITC-dextran increased with 
the observation period. A 5-min observation time after EP was enough to 
detect the permeation; however, a 10 min of observation time was 
required for a significant increase under the applied conditions. Based 
on this, a higher exposure time of EP could be assumed for human skin 
treatment than observed in the in vivo experiments on mouse skin. 

5. Conclusion 

During this research work, the effect of non-invasive dermal EP was 
investigated. EP is a commonly used technique in health care and in the 
cosmetic industry; however, the information about its safety and 
applicability is required to improve. In the first part of the experiment, 
the effect of EP on the skin barrier function was examined in vivo on 
mouse skin, and the results showed that EP modified the skin structure 
reversibly, so the SC barrier was restored in a short time after the 
treatment. During the experiments, a routine examination method was 
successfully developed to detect the permeation enhancing effect of EP 
on a model macromolecule (4 kDa FITC-dextran) with fluorescence 
microscopy. Three different dermal formulations (solution, hydrogel, 
and FFS) were examined, and the results showed that FITC-dextran 
permeated slightly from these formulations passively. EP could in-
crease the permeation rate of FITC-dextran remarkably compared to the 
control treatments; however, the composition of the formulation has a 
great influence on the permeation. 
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