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ABSTRACT: One of the main roles of transdermal drug delivery is to overcome stratum cor-
neum; the first barrier of the skin. We combined several types of treatments to investigate their 
effect on skin permeability and drug absorption. Franz diffusion cell was used to investigate the 
permeation and retention of adenosine through Yucatan micropig’s skin. The amount of the pen-
etrated drug and the drug retained inside the skin was measured by HPLC. We compared adenos-
ine permeation through the untreated skin, iontophoretically pre-treated skin with FeSO4∙7H2O in 
DMSO followed by microplasma treatment, iontophoretically pre-treated skin with FeSO4∙7H2O 
in water followed by microplasma treatment, and treated skin with DMSO. Eosin Y dye was used 
to analyze depth of the penetration after the treatment. Depth of penetration was displayed by 
microscopic observation and FE-SEM/EDS observation after skin sectioning. Absorption of eosin 
Y inside the skin measured by FE-SEM/EDS and optical microscope was consistent with absorp-
tion of adenosine measured by using Franz diffusion cell and HPLC. Iontophoretic pre-treatment 
followed by plasma treatment caused increased drug absorption in stratum corneum and plasma 
treatment itself increased drug penetration through the epidermal layer of the skin.

KEY WORDS: microplasma, FeSO4, DMSO, iontophoresis, SEM, EDS, frozen section, Franz 
cell

I. INTRODUCTION

It is possible to observe growing number of publications studying plasma in drug 
delivery field from designing drug delivery systems1–3 through drug delivery into 
cells4 to drug delivery through tissues.5–8 In transdermal drug delivery field, plasma 
has been studied to create microholes in stratum corneum to increase drug perme-
ability by Gelker et al.9,10 Creating microholes with plasma was combine with elec-
troporation in study by Kim et al.11 Similarly, microholes created by microneedles 
was combine with plasma discharge by Chen et al.12 for improving the transdermal 
delivery of an immune checkpoint blockade. There was also a possibility of creating 
microholes in the work of Xin et al.,13 when plasma discharge was used to enhance 
delivery of lidocaine to the skin before laser treatment to reduce pain caused by the 
laser.
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However, creating microholes has not been observed in every study. Different 
mechanism was used in following studies. Small molecules such as Galantamine 
Hydrobromide (368 Da),14 as well as medium (patent blue V – 1159.4 Da,15 
Cyclosporine A – 1203 Da16) or large molecules (DNA17) were successfully trans-
dermally delivered. Enhancing effect of transdermal drug delivery by plasma treat-
ment depends on the power of discharge.18,19 Stratum corneum and the lipid bilayer 
between corneocytes are the first barrier of the skin. To permeabilize this barrier, it 
is necessary to influence the lipids by their extraction, oxidation or by changing their 
structure or composition. This is possible by using chemicals but plasma is capable 
of such action too.

The second barrier of the skin is composed of the tight junctions under the stra-
tum corneum layer called stratum granulosum. Tight junctions create so-called kiss-
ing points between the skin cells, not allowing to pass chemicals inside or outside. 
Choi et al.20 found out that plasma can also influence intercellular junctions of the 
skin keratinocyte cells and allow the penetration of a drug. In the study by Lee et al.,21 
production of nitric oxide in plasma treated keratinocytes was noticed. However, the 
effect of plasma induced nitric oxide on transdermal delivery needs to be investigate 
further.

In our recent research, Kristof et al.22 focused on possible oxidation of stratum cor-
neum lipids and influence on drug absorption or permeability through the skin. Based 
on this study, we speculated that the main reason of plasma induced skin permeability 
enhancement was not through lipid oxidation but other processes. We tried to induce 
lipid oxidation by introducing iron inside the skin to compare it with the purely plasma 
treated skin. Lipid oxidation of the lipids inside stratum corneum could increase the 
amount of drug absorbed by the skin.

The aim of the current research is to study how the supposed lipid oxidation influ-
ence drug distribution inside the skin. This distribution will be observed by optical mi-
croscope and FE-SEM/EDS (field emission scanning electron microscope) microscope/
analysis of the frozen skin section. Model drugs used in this study were adenosine and 
eosin Y. We tried to induce lipid oxidation by the introduction of iron (FeSO4∙7H2O) into 
the skin by electroporation (iron served as a catalyst for oxidation) and plasma active 
species as oxidation agents. Permeability and drug retention of adenosine were investi-
gated by Franz diffusion cells.

II. EXPERIMENT

A. Adenosine Penetration/Retention Study

1. Sample Preparation

The hairless Yucatan micropig’s skin was ordered from Charles River Japan, Inc. 
(Yokohama, Japan). The skin samples were stored at –80°C. The fat layer was removed 
by knife prior to cutting the skin into pieces of dimensions 2 cm × 2 cm. The skin 
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samples were placed in 60°C distilled water for 1 min after 3 hours of soaking of the 
cut pieces at 4°C in phosphate buffered saline (PBS). Finally, the epidermal layer was 
peeled.

2. Franz Diffusion Cell

Franz diffusion cells were used to investigate the permeability of the skin. Figure 1 il-
lustrates the procedure of the treatment. The skin samples were used as a membrane 
between the receptor and the donor compartment. The diffusion area was equal to 1.65 
cm2. The donor compartment was filled with 1 ml of adenosine solution dissolved in 
water (or DMSO) at a concentration of 3 mg/ml or 125 mg/ml in DMSO. The receptor 
compartment with a volume equal to 10 ml was filled with a solution of PBS and etha-
nol at a ratio of 70:30 (vol/vol). The Franz cell was kept in a water bath at 37°C with 
constant stirring.

a. Adenosine

Adenosine is an organic compound consisting of an adenine attached to a ribose. 
Adenosine has a molecular weight of 267 Da (g∙mol–1) and a molecular formula of 

FIG. 1: Treatment procedure and analysis for the penetration of adenosine through the skin 
and the retention inside the skin with the following steps. (A) Iontophoretic pre-treatment by 
FeSO4∙7H2O, (B) microplasma treatment, (C) drug application and penetration analysis, and (D) 
elution of the drug from the skin and the retention analysis.
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C10H13N5O4. It is used to identify and convert heart rhythm. Adenosine was ordered from 
Fujifilm Wako Pure Chemical Corporation.

b. HPLC

The amount of the penetrated adenosine through the skin was measured using a High-
Performance Liquid Chromatograph (HPLC LC-2010AHT, Shimadzu). The mobile 
phase consisted of acetonitrile and water with a ratio 10:90. The flow rate was set to 0.8 
ml/min. An Inertsil ODS-SP 5 µm column with dimensions of 150 × 4.6 mm was used 
as a stationary phase. The column temperature was set to 25°C. Adenosine was detected 
at 260 nm with a retention time of 3.5 min.

3. Frozen Skin Section Study

a. Frozen Section

The full thickness of the skin sample without the fat layer were cut down to smaller 
pieces (approximately 20 mm × 20 mm). After the skin treatment, the skin was in-
serted into the Franz diffusion cell. Receptor compartment was filled by PBS and 1ml 
of 1% eosin Y solution was applied to donor compartment. After 24 hours (or 3 hours 
in some experiments), the skin was removed and washed under water flow. The skin 
was cut to pieces of 5 mm wide and frozen in water at –80°C for microscopic obser-
vation (skin sectioning). A frozen section of 10 μm thick were done by a microtome 
(REM-710, Yamato). Sectioned skin was placed on microslide glass for microscopic 
observation. Frozen section for FE-SEM and EDS observation were placed on copper 
sheet and deposited by 1 nm thick gold layer. Samples were observed FE-SEM (JSM-
7001F, Jeol).

b. Eosin Y

Eosin Y is a pink dye commonly used in histology. Eosin Y has a molecular weight 
of 647.9 Da (g∙mol–1) and a molecular formula of C20H8Br4O5. Pink color allows us to 
observe depth of penetration in the skin section. Eosin Y contains Bromine that is not 
naturally observed inside the skin and this allows us to also use FE-SEM/EDS observa-
tion to for estimation of depth of penetration. The 1% of eosin Y solution was ordered 
from Muto Pure Chemical Corporation.

4. Skin Treatment

Our procedure of the skin treatment composed of four steps graphically are described by 
Fig. 1. The procedures of the treatments were as follows:

A. The prepared skin samples were pre-treated by the iontophoresis with 
FeSO4∙7H2O in water or DMSO solution to incorporate the iron into the skin 
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(details below in a. Iontophoresis) and after the pre-treatment, the content of the 
receptor and the donor parts of Franz diffusion cell were disposed.

B. Excess liquid on the skin was removed by tissue paper. The prepared skin sam-
ples were treated by argon microplasma discharge for 5 minutes (details below 
in b. Microplasma treatment).

C. A new receptor solution was prepared. The skin was inserted into Franz diffu-
sion cell and 3 mg/ml of adenosine in water or in DMSO (125 mg/ml in the case 
of DMSO solution, or 1 ml of eosin Y solution in the case of the skin used for 
the skin sectioning) was applied for 24 hours (or 3 hours respectively) into the 
donor solution. After 24 hours, the samples from the receptor part of the dif-
fusion cell were analyzed by HPLC to determine the amount of the penetrated 
drug through the skin. Or the skin was prepared for the skin sectioning accord-
ing section 2.2.1. in the case of the full thickness skin.

D. The skin samples from Franz diffusion cells were removed and put into dis-
tilled water for 10 minutes to remove the surface drug solution. After 10 min-
utes, excess water on the surface of the skin was removed using a tissue paper 
and one layer of stratum corneum was peeled off by one tape strip to remove 
residual drug on the surface of the skin. Afterwards, the skin was inserted in a 
solution of a PBS and ethanol for the elution of adenosine from the skin. The 
elution was analyzed by HPLC to determine the retention of adenosine by the 
skin.

The samples and methods of the skin treatment are denoted as follows:
Control samples (C): The procedure is characterized by the steps C and D in Fig. 1 

and using 3 mg/ml of adenosine for donor receptor part.
Microplasma-treated samples (MP): Procedure is characterized by the steps in B, C, 

and D in Fig. 1.
Iontophoretically pretreated samples in FeSO4∙7H2O (in water) followed by micro-

plasma treatment and applying drug in water solution (IWMW): Procedure is character-
ized by the steps in A, B, C, and D of Figs. 1 and 3 mg/ml in water is used in donor part. 
Iontophoretic pre-treatment is done in 30 mg/ml of FeSO4∙7H2O dissolved in water.

Iontophoretically pre-treated samples in FeSO4∙7H2O (in water) followed by micro-
plasma treatment and applying drug in DMSO solution (IWMD): Procedure is charac-
terized by the steps in A, B, C, and D of Figs. 1 and 3 mg/ml or 125 mg/ml of adenosine 
in DMSO is used in donor part. Iontophoretic pre-treatment is done in 30 mg/ml of 
FeSO4∙7H2O dissolved in water.

Iontophoretically pre-treated samples in FeSO4∙7H2O (DMSO) followed by micro-
plasma treatment and applying drug in DMSO solution (IDMD): Procedure is charac-
terized by the steps in A, B, C, and D of Figs. 1 and 3 mg/ml of adenosine in DMSO 
is used in donor part. Iontophoretic pre-treatment is done in 30 mg/ml of FeSO4∙7H2O 
dissolved in DMSO.

DMSO-treated sample (DMSO): Procedure is characterized by the steps in C and 
D of Figs. 1 and 3 mg/ml or 125 mg/ml of adenosine in DMSO is used in donor part.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

PMED-40968.indd               5                                           Manila Typesetting Company                                           11/26/2021          03:01PM



6 Kristof et al.

a. Iontophoresis

The skin was pre-treated by FeSO4∙7H2O in order to incorporate the iron inside the skin. 
The skin was inserted into Franz diffusion cell. The donor compartment was filled with 1 ml 
of a solution of FeSO4∙7H2O dissolved in water or DMSO at a concentration of 30 mg/ml. 
The receptor compartment with a volume equal to 10 ml was filled with a PBS and ethanol 
at a ratio of 70:30 (vol/vol). A pulsed current (at a frequency of 10 kHz), 5.55 mA/cm2 was 
applied for 40 min. Franz diffusion cell was kept in a room temperature during the treatment 
according to Fig. 2 (left) and with the current waveform displayed in Fig. 2 (right).

b. Microplasma Treatment

Dielectric barrier discharge was generated by a thin-film electrode according to experi-
mental set-up in Fig. 3. Atmospheric argon microplasma was maintained at a voltage 
of 1.6 kV and a frequency of 5 kHz. A saw-shape function of the voltage was set by a 
function generator (Tektronix, AFG3102) and amplified by high voltage amplifier (Trek, 
model 5/80). The voltage and the current waveforms are depicted in Fig. 4. The flow 
of argon was set at 5 L/min by a flow meter (Yamato). The skin treatment lasted for 5 
minutes. The distance between the electrode and the skin was 0.5–1 mm.

III. RESULTS AND DISCUSSION

A. Penetration Study of Adenosine

Figure 5A shows adenosine permeability through the treated skin when concentration 
of 3 mg/ml is used, and Fig. 5B shows a comparison of 3 mg/ml with 125 mg/ml of 
adenosine in donor compartment. Non-treated sample (C) allowed the permeation of 4.5 
µg of adenosine. When microplasma treatment (MT) was applied on the skin, almost 
38 µg of adenosine permeated through the skin. 15 µg of adenosine permeated after 

FIG. 2: (Left) Schematic description of iontophoretic pre-treatment of the skin. (Right) The cur-
rent waveform of the iontophoresis at 10 kHz and the current density 5.55 mA/cm2.
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iontophoretic pre-treatment followed by microplasma treatment and applying adenosine 
water solution (IWMW). Permeability of the skin is possible to be improved by applying 
higher concentration of adenosine. However, solubility of adenosine in water is limited, 
so different solvent is needed. DMSO is one of such solvents. DMSO not only increase 
the solubility but moreover it can affect permeability in the skin. When 3 mg of adenos-
ine in 1 ml of DMSO was applied on the skin, improvement of permeability was not 
observed. The same results were observed when skin was pre-treated by iontophoretic 
FeSO4∙7H2O water solution followed by plasma treatment and applying adenosine in 
DMSO solution (IWMD) and when skin was pre-treated by iontophoresis FeSO4∙7H2O 
DMSO solution followed by plasma treatment and application of adenosine in DMSO 
solution (IDMD).

However, when we increased the applied concentration to 125 mg/ml (approxi-
mately 40 times higher), amount of adenosine permeated through the skin increased by 
4.25 times in the case of application with only DMSO (DMSO sample) and 12 times 
in the case of iontophoretic pre-treatment of the skin with FeSO4∙7H2O water solution 
followed by plasma treatment and application of adenosine in DMSO solution – IWMD 
sample in Fig. 5B.

FIG. 3: Experimental setup of plasma treatment of the skin

FIG. 4: Voltage and the current waveforms during the microplasma treatment

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

PMED-40968.indd               7                                           Manila Typesetting Company                                           11/26/2021          03:01PM



8 Kristof et al.

A cell adhesion molecule called E‐cadherin is essential for the appropriate intercel-
lular junction formation23 and it has crucial influence on the skin permeability.19 Heartel 
et al.24,25 observed the down-regulation of E-cadherin after air plasma treatment, sug-
gesting that the products between the plasma and liquid inside the skin can play a key 
role in this down-regulation of E-cadherin. Difference between permeability of plasma 
treated skin and iontophoretically pre-treated skin indicates that plasma actively inter-
acted with tight junctions (Fig. 5A, MP sample). This interaction is diminished in ionto-
phoretically pre-treated sample (Fig. 5A, IWMW sample).

B. Retention Study of Adenosine

The amount of adenosine retained inside the treated skin is depicted in Fig. 6A when 
concentration of 3 mg/ml is used and comparison of 3 mg/ml with 125 mg/ml in Fig. 6B. 
Non-treated sample (C) retained 5 µg of adenosine inside of the skin and microplasma 
treated sample only 3 µg of adenosine. Based on previous study, we found out that the 
introduction of iron into the skin increase absorption of the drug. This finding was also 
confirmed in Fig. 6A. Iron from FeSO4∙7H2O water solution was introduced into the skin 
by iontophoresis and followed by plasma treatment and the application of adenosine in 
water solution. The amount of adenosine retained after 24 hours was 20 µg. Drug ap-
plied with DMSO shows the retained amount of adenosine at 33 µg. Pre-treatment of 
the skin by FeSO4∙7H2O iontophoresis in DMSO (sample IDMD) or in water (sample 
IWMD) retained less drug in comparison with DMSO treatment itself.

FIG. 5: (A) The amount of adenosine penetrated through skin of control sample (C), microplasma 
treated samples (MP), Iontophoretically pre-treated samples in FeSO4∙7H2O (in water) followed 
by microplasma treatment and applying drug in water solution (IWMW), Iontophoretically 
pre-treated samples in FeSO4∙7H2O (in water) followed by microplasma treatment and apply-
ing drug in DMSO solution (IWMD), Iontophoretically pre-treated samples in FeSO4∙7H2O 
in DMSO followed by microplasma treatment and applying drug in DMSO solution (IDMD), 
DMSO treated sample (DMSO). (B) The amount of adenosine penetrated through skin when 3 
mg/ml and 125 mg/ml of adenosine in DMSO was applied for chosen treatments.
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Increased amount of applied adenosine to 125 mg/ml (approximately 40 times 
higher) caused the amount of adenosine retained inside the skin increasing 56 times in 
the case of application with only DMSO and 71 times in the case of iontophoretic pre-
treatment of the skin with FeSO4∙7H2O water solution followed by plasma treatment and 
the application of adenosine in DMSO solution (sample IWMD).

DMSO can change a gel phase structures of the skin ceramides inside stratum cor-
neum to the more permeable liquid-crystalline phase. This behavior is induced by an 
accumulation of its molecules at the head group region of the ceramides. DMSO is 
competing with water molecules in creating hydrogen bonds with the ceramides.26 At 
higher concentrations, DMSO can induce the formation of a “water pores” in the cell 
membrane,27 and this phenomenon might not be reversible.28 Using high concentration 
of DMSO in our study improved the adenosine retention inside the skin (Fig. 6), but 
not the permeation through the skin (Fig. 5). Oxidation of lipids in lipid membrane can 
cause degradation of ordering properties of lipid membrane.29 Boonoy et al.30 showed 
that a high formation of the aldehyde concentrations leads to unstable pores, evolving 
into micelles. Oxidized lipids can cause reduction of lipid bilayer,31 and the oxidized 
skin lipids can make the permeation of another reactive oxygen species easier to perme-
ate along the lipid bilayer.32 It means that oxidation of lipids causes very similar effect 
as DMSO on lipid behavior (i.e. creating pores) but the combination of DMSO and sup-
posed lipid oxidation caused by plasma after incorporation of iron inside the skin does 
not cause improvement of permeability or drug absorption by the skin but on the con-
trary diminishing effect (Fig. 6A). The reason can be these two processes competed to 
each other. However, the effect seemed to be a little different when a high concentration 

FIG. 6: (A) The amount of adenosine retained inside the skin of control sample (C), microplasma 
treated samples (MP), Iontophoretically pre-treated samples in FeSO4∙7H2O (in water) followed 
by microplasma treatment and applying drug in water solution (IWMW), Iontophoretically 
pre-treated samples in FeSO4∙7H2O (in water) followed by microplasma treatment and apply-
ing drug in DMSO solution (IWMD), Iontophoretically pre-treated samples in FeSO4∙7H2O 
in DMSO followed by microplasma treatment and applying drug in DMSO solution (IDMD), 
DMSO treated sample (DMSO). (B) The amount of adenosine retained inside the skin when 3 
mg/ml and 125 mg/ml of adenosine in DMSO was applied for chosen treatments.
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10 Kristof et al.

of adenosine is used (125 mg/ml) (Figs. 5B and 6B). The experimental results show that 
DMSO and iontophoretic pre-treatment followed by plasma treatment make permeable 
the stratum corneum but they are not so effective in overcoming tight junctions in stra-
tum granulosum.

C. Microscopic Observation

The amount of adenosine retained inside the skin from section 3.2 did not demonstrate 
any information about depth of penetration of the drug and did not allow us to analyze 
the reason of the effectivity or ineffectiveness of the skin treatment. Microscopic ob-
servation of dye in the skin section allowed us to analyze the treatments further. Eosin 
Y dye was used as a model drug after specific skin treatment. Figure 7A represents the 
skin section of non-treated sample, when only 1% eosin Y solution was applied for 24 
hours. Microplasma-treated sample followed by application of eosin Y is depicted in 
Fig. 7B. Both figures demonstrate similar intensity of the dye presenting only in stra-
tum corneum. Iontophoretic pre-treatment with followed by microplasma treatment and 

FIG. 7: (A) The skin section of non-treated sample, when only 1% eosin Y solution was applied 
for 24 hours. (B) Microplasma treated sample followed by the application of eosin Y for 24 
hours. (C) Iontophoretically pre-treated samples in FeSO4∙7H2O (in water) followed by micro-
plasma treatment and the application of eosin Y for 24 hours. (D) Microplasma treated sample 
followed by the application of eosin Y for 3 hours. (E) Iontophoretically pre-treated samples in 
FeSO4∙7H2O (in water) followed by microplasma treatment and the application of eosin Y for 3 
hours. The natural color of samples was changed to increase the contrast of the photos.
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the application of eosin Y solution in Fig. 7C shows stratum corneum was completely 
filled by eosin Y with strong red-orange color partially reaching areas under the stratum 
corneum. These results correspond with Fig. 6A where retention of adenosine was also 
highest after iontophoretic pre-treatment of those three types of treatments.

Figure 7D represents a skin section of the plasma treated skin, 3 hours after the 
application of eosin Y solution and, Fig. 7E shows iontophoretically pre-treated skin 
followed by microplasma treatment, 3 hours after the application of eosin Y. Intensity of 
the eosin Y was also present only in stratum corneum with comparable intensity in Fig. 
7D and 7E. This observation indicates that high accumulation of the eosin Y in Fig. 7C 
occurred after 3 hours of application.

The skin is composed of two main barriers. There are stratum corneum and tight 
junctions present in stratum granulosum. To increase the skin permeability, both barriers 
have to be effectively overcome. Previous research demonstrated that tight junctions are 
“opened” temporally for approximately three hours.16,20 This means that after 3 hours, 
when tight junctions are closed, the applied drug should be accumulated in stratum 
corneum. This was observed in the case of iontophoretically pre-treated sample in Fig. 
7C. Non-treated skin (Fig. 7A) and plasma treated skin (Fig. 7B) displays lower amount 
of eosin Y indicating lower permeability of the stratum corneum in comparison with 
Fig. 7C (iontophoretically pre-treated skin). Plasma can cause disturbance of lipids in 
stratum corneum, indicated by FTIR measurements in Yahaya et al.33 and Kristof et al.34 
This disturbance delayed up to 2 days but this did not play a significant role as it is seen 
in Fig. 7A and 7B. No presence of eosin Y under the stratum corneum can be explained 
by higher flow in this area and distribution in large volume. Stratum corneum is several 
micrometers thick, while layers under the stratum corneum can measure up to 1–2 mm.

D. SEM and EDS Observation

FE-SEM with EDS allowed us to verify measurements from optical microscope by ob-
serving concentration of Bromine (from eosin Y) and also distribution of iron to esti-
mate possible depth of supposed lipid oxidation inside the skin.

The stratum corneum is shown as a bright part of the skin section in Fig. 8. The 
skin section was divided into 8 parts, 10 μm wide that were used for the detection of Br 
and Fe elements. The concentration of Fe and Br was normalized to concentration of 
deposed Au to minimize the effects of shadows or roughness of the sectioned surface.

Figure 8A depicts distribution of Fe of non-treated skin sample (blue or dark circles) 
and microplasma treated skin (white circles) with comparable and constant concertation 
of Fe up to 80 μm from the skin surface. In the case of iontophoretic pre-treatment fol-
lowed by microplasma treatment (Fig. 8A, red or light circles), concentration of Fe is 
significantly higher and this concentration is decreasing from stratum corneum to deeper 
layers of the skin.

The concentration of Br, indicating presence of eosin Y (Fig. 8B) inside the skin, 
displays the highest concentration of Br (eosin Y) in iontophoretically pre-treated skin 
followed with plasma treatment. Br is accumulated with stratum corneum with partially 
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overlapping stratum granulosum under stratum corneum. Plasma treated skin and non-
treated skin indicated accumulation of eosin Y in stratum corneum with similar concen-
tration. These results agree with section of section C and section of B.

IV. CONCLUSION

The effect of plasma treatment of the skin with previously incorporated iron by ion-
tophoresis was investigated. It was supposed that iron would mediate and enhance 
lipid oxidation in stratum corneum and it would increase the permeability of stratum 
corneum. DMSO as an alternative solvent to water was evaluated. The skin was the 
most permeable for adenosine after plasma treatment and its permeability was lower 
with iontophoretically pre-treatment by FeSO4. When DMSO was used, permeability 
of the skin was as low as in non-treated skin. Using DMSO or iontophoretic pre-
treatment of the skin by FeSO4, adenosine is accumulating inside the skin. DMSO 
and iontophoretic pre-treatment of the skin by FeSO4 can cause similar effect to the 
skin (water pores) but when they are used together, their effect is not superimposed 
but diminished at lower concentrations of applied drug. When higher concentrations 
of adenosine were used (125 mg/ml in DMSO), retention and penetration of ionto-
phoretically pre-treatment by FeSO4 (in water) following plasma treatment was su-
perior to simple adenosine dissolved in DMSO. Using eosin Y demonstrated where 
the drugs can be accumulated after the skin treatment. Microscopic observations 

FIG. 8: (A) Distribution of Fe of non-treated sample (blue or dark circles), microplasma treated 
skin (white circles) and iontophoretic pre-treated skin by followed by microplasma treatment 
(red or light circles). Left side of the skin section shows top of the skin - stratum corneum 30 μm 
thick. The background is FE-SEM photograph of the skin section. (B) Distribution of Br of non-
treated sample (blue or dark circles), microplasma treated skin (white circles) and iontophoretic 
pre-treated skin by followed by microplasma treatment (red or light circles). Left side of the skin 
section shows top of the skin - stratum corneum 30 μm thick. The background is FE-SEM photo-
graph of the skin section, eosin Y containing Br was applied for 24 hours.
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were confirmed by FE-SEM/EDS measurements. Iontophoretic pre-treatment in-
duced more accumulation of eosin Y in stratum corneum than the non-treated and 
the plasma treated skin. Iron concentration in the skin corresponded to concentration 
of eosin Y in this case. Accumulating effect of eosin Y can be explained by increas-
ing permeability of the stratum corneum by iontophoretic pre-treatment followed by 
plasma treatment but with difficulties to permeate through tight junctions in stratum 
granulosum.
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