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Psoriasis, an inflammatory skin disease, exhibits recurring itching, soreness, and cracked and bleeding
skin. Currently, the topical delivery of 5-aminolevulinic acid-photodynamic therapy (ALA–PDT) is an
optional treatment for psoriasis which provides long-term therapeutic effects, is non-toxic and enjoys
better compliance with patients. However, the precursor of ALA is hydrophilic, and thus its ability to pen-
etrate the skin is limited. Also, little research has provided a platform to investigate the penetration
behavior in disordered skin. We employed a highly potent ethosomal carrier (phosphatidylethanolamine;
PE) to investigate the penetration behavior of ALA and the recovery of skin in a hyperproliferative murine
model. We found that the application of ethosomes produced a significant increase in cumulative
amounts of 5–26-fold in normal and hyperproliferative murine skin samples when compared to an
ALA aqueous solution; and the ALA aqueous solution appeared less precise in terms of the penetration
mode in hyperproliferative murine skin. After the ethosomes had been applied, the protoporphyrin IX
(PpIX) intensity increased about 3.64-fold compared with that of the ALA aqueous solution, and the pen-
etration depth reached 30–80 lm. The results demonstrated that the ethosomal carrier significantly
improved the delivery of ALA and the formation of PpIX in both normal and hyperproliferative murine
skin samples, and the expression level of tumor necrosis factor (TNF)-a was reduced after the ALA–etho-
somes were applied to treat hyperproliferative murine skin. Furthermore, the results of present study
encourage more investigations on the mechanism of the interaction with ethosomes and hyperprolifer-
ative murine skin.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Psoriasis is a chronic skin disorder which can be completely re-
versed with appropriate therapy [1]. The optimal therapy increases
patient compliance and decreases the short- and long-term ad-
verse effects from therapy [2]. Psoriasis, from moderate to severe,
is classified into five types, and treatment strategies depend on the
condition of the patient. Traditional treatments can cause remis-
sion of symptoms; however, it should be used with caution, and
the effective outcome is limited [3,4]. Moreover, biologic-im-
mune-response modifiers are under development [5].

Advanced research has pointed out that topical photodynamic
therapy (PDT) with 5-aminolevulinic acid (ALA) (a second-genera-
tion photosensitizer) is a treatment option for psoriasis covering a
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large area and is a now safe and effective treatment which may
more readily be organized and the long-term implications assessed
[6]. The main mechanism of PDT on psoriasis, an inflammatory skin
disease, is modulation of cellular functions which lead to induction
of transcription factors (especially AP-1 and NF-jB) but not to cel-
lular death [7]. PDT is a composite technique which requires three
basic elements: a photosensitizer, light irradiation, and singlet oxy-
gen. Indeed, ALA is a form of a drug precursor, in that the photosen-
sitizer, protoporphyrin IX (PpIX), is formed in vivo after the
exogenous application of ALA. The major limitation of PDT is the
poor penetration of ALA into the skin or skin lesions. Recently,
numerous strategies were proposed to improve these penetration
problems. The notable numbers of ALA preparations include clini-
cal usage of Levlan Kerastick� and a clinical trial of PD P 506 A,
BF-200 ALA [7]. However, the high concentration of 20% ALA for
clinical usage increases skin irritation and costs.

A practical and important step is to use an animal study which
mimics a disease model for the initial development of pharmaceu-
tics, and a suitable animal skin disease model can be used as a tool
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for screening a series of drug [8]. Therefore, we need an animal
model of psoriasis-like to represent the syndrome and make the
formulation screening simply [3].

Accordingly, the problem of the poor penetration of ALA re-
mains unresolved; our previous study reported that ethosomal car-
riers had great potential for delivering PpIX into the skin [9].
Therefore, our purpose is to establish an animal model of hyper-
proliferative disease to mimic the clinical situation and to provide
an evaluation of the skin penetration/absorption behavior.

2. Materials and methods

2.1. Materials

ALA and phosphatidylethanolamine (PE, commercial grade)
were purchased from Sigma Chemical (St. Louis, MO, USA). Other
chemicals used in the study were of reagent grade. The fibroblast
cell line (Hs68) was purchased from the Culture Collection and Re-
search Center (CCRC) of the Food Industry Research and Develop-
ment Institute (FIRDI, Hsinchu, Taiwan). Cell culture media and
supplements were obtained from GIBCO Invitrogen (GRAND Island,
NY, USA).

2.2. Induction of hyperproliferative murine skin

Female nude mice (ICR, Foxnl) at 7–8 weeks old were used in
the study. In order to mimic hyperproliferative murine skin, a
tape-stripping technique was used [10]. The stripping procedure
was repeated at the same site of dorsal skin with cellophane tape
(3 M Scotch�, MN, USA) twice daily for 5 days. The treated skin
was excised when the transepidermal water loss (TEWL) (TM300,
Courage & Khazaka, Köln, Germany) level reached 8–10 g/m2/h.
This animal experiment was reviewed and approved by the Institu-
tional Animal Care Committee at Kaohsiung Medical University.

2.3. Evaluation of hyperplasic skin

Skin specimens were fixed in 4% formalin, embedded in paraf-
fin, and stained with hematoxylin and eosin (H&E). Each sample
was measured at three random sites for three samples by light
microscopy (Axiovert200, Zeiss, Oberkochen, Germany). The epi-
dermal thickness was randomly measured from the basal layer to
the granulosum/SC junction by Image Pro-plus 5.0 (Media Cyber-
netics, Silver Spring, MD, USA).

2.4. Preparation of ethosomes

Ethosomes were prepared according to the thin-film hydration
method [9]. PE (0.13 mM) was dissolved in chloroform and meth-
anol (2:1, v/v) in a 250-ml round-bottom flask. The mixture was
evaporated in a rotary evaporator above the transition temperature
of the phospholipid, PE, at 60 �C, and solvent traces were removed
under a vacuum overnight. The film was hydrated with 5 ml of
0.1% ALA dissolved in a 15% (v/v) ethanol solution above the lipid
transition temperature for 30 min. The vesicle suspension was dis-
persed by a probe sonicator (UP50H, Dr. Hielscher GmbH, Teltow,
Germany) at 25 W for 1 min. The entrapment efficiency was about
10%.

2.5. In vitro topical delivery of the ethosome carriers

We measured the topical delivery of ALA by using a modified
Franz vertical diffusion assembly [11]. Normal nude mouse skin
and hyperproliferative nude mouse skin were used as the barrier
membrane. The donor medium consisted of 0.5 ml of an ethosomal
formulation or control solution (0.1% ALA in distilled water), and
the receptor medium consisted of 4.2 ml of pH 5 citrate–phosphate
buffer. The available diffusion area was 0.785 cm2. The stirring rate
of the receptor was 600 rpm, and the temperature was maintained
at 37 �C. At appropriate intervals, 100-ll aliquots of the receptor
medium were withdrawn and immediately replaced by an equal
volume of fresh buffer. The concentration of ALA was measured
by high-performance liquid chromatography (HPLC). The cumula-
tive amount of ALA was examined at the end of the in vitro exper-
iments (12 h) (n = 3).

2.6. HPLC analysis of ALA

The fluorescence derivation of ALA samples was based on a
modification of the Hantzsch reaction, in which amine compounds
react with acetylacetone and formaldehyde [12]. The acetylacetone
reagent was prepared by the addition of 15 ml acetylacetone, 10 ml
ethanol, and 75 ml deionized water. The acetylacetone reagent
(3.5 ml), 0.45 ml of a 10% formaldehyde solution, and 50 ll of the
ALA sample were vortex-mixed for about 3 s. The mixture was
heated in an aluminum-block heater to 100 �C for 15 min and then
cooled in an ice bath.

The ALA contents of the various samples were analyzed with an
HPLC system consisting of a Waters 515 HPLC pump, a Waters 715
sample processor, and a Waters 474 fluorescence detector (Waters,
Milford, MA, USA). A reverse-phase column [Lichrospher RP-18,
250� 4 mm, 5 lm, (Merck, Darmstadt, Germany)] was used, with
the column oven set to 40 �C. The mobile phase consisting of metha-
nol–water–acetic acid (50:50:1) was used at a flow rate of 0.7 ml/min.
The excitation and emission wavelengths of the fluorescence detector
were set to 378 and 467 nm, respectively. All samples were allowed to
stand in the dark.

2.7. In vivo topical delivery of the ethosome carriers

Both normal and hyperproliferative murine skin samples were
employed in the in vivo examination to clarify differences in the
penetration behavior between normal and hyperproliferative mur-
ine skin. A glass cylinder with an available area of 0.785 cm2 was
placed on the dorsal skin of a mouse with glue. The ethosome for-
mulation (100 ll) was added to each cylinder for 4 h. At the end of
the incubation period, the formulation was removed, and the skin
was wiped 10 times with a cotton cloth. The amount of ALA-in-
duced PpIX retained in the skin was measured by confocal laser-
scanning microscopy (CLSM). All procedures were carried out in
the dark to prevent the influence of ambient light.

2.8. CLSM study

For analysis of PpIX expression, CLSM was used to scan the fluo-
rescence signal of PpIX at different skin depths. The excised nude
mouse skin was positioned on the microscopic slide with the SC
side face to the coverglass. The CLSM (FV 500, Olympus, Tokyo,
Japan) was carried out with an argon laser beam with excitation
at 488 nm and emission at 590 nm. Each skin sample was sliced
in sections of 6–10 lm thicknesses through the Z-axis by CLSM.
The PpIX intensity and the permeated depth were detected by
CLSM with Fluoview software. Since CLSM is not able to be cali-
brated, we used arbitrary unit to compare the data.

2.9. Cell viability test

Cell viability was determined by a 3,(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazoleum bromide (MTT) assay. Fibroblasts (Hs68)
were grown in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (FBS) and 1% antibiotics at 37 �C in a



Fig. 1. Histologic examination of nude mouse dorsal skin in (A) non-treated control
skin and (B) skin subjected to a tape-stripping technique. Arrows indicate the
thickness of the epidermis (magnification 400�). (For interpretation of the refer-
ences to colours in this figure, the reader is referred to the web version of this paper.)
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humidified atmosphere containing 5% CO2. Hs68 fibroblasts at
5 � 103 cells/well were seeded in 96-well plates. ALA or ALA-
encapsulated in the ethosomal carrier (20 ll) was added and incu-
bated for 24 h. We then added 50 ll of the MTT solution (50 lg/ml)
to each well and incubated the wells for 4 h. In order to dissolve
the water-insoluble formazan, MTT/medium was removed from
each well, and 100 ll of dimethyl sulfoxide (DMSO) was added
to each one. The quantity of cell survival was measured by an en-
zyme-linked immunosorbent assay (ELISA) reader (FLx800, BIO-
TEK, Burlingame, CA, USA) at 540 nm.

2.10. Determination of tumor necrosis factor (TNF)-a

Excised skin was extracted with 100 ll of lysis buffer (Biovision,
Mountain View, CA, USA) and sonicated for 1 min in an ice bath.
After centrifugation at 16,000g for 20 min, the supernatant was re-
moved, and the protein content was quantified. The protein con-
tent was determined by the BSA protein assay reagent (Bio-Rad,
Hercules, CA, USA). The TNF-a analysis was performed with an ELI-
SA kit (BMS607/2INST, Bender MedSystems, Vienna, Austria) and
detected at 450 nm.

2.11. Statistical analysis

Data are expressed as the mean ± SD. Statistical analysis was
performed using unpaired Student’s t-test with WINKS software.
A 0.05 level of probability was used as the level of significance.
An ANOVA test was also used if necessary.

3. Results

3.1. Histology of hyperproliferative murine skin

The histological images of normal and hyperproliferative mur-
ine skin are shown in Fig. 1. The histological features of normal
nude mouse skin were a well-defined SC, epidermis, and append-
ages (Fig. 1A). The histological features of hyperproliferative mur-
ine skin were stacking in the SC and elongation in the epidermis
(Fig. 1B). The epidermal thickness was randomly measured from
the basal layer to the granulosum/SC junction. The thickness of
normal murine skin was 30.54 ± 2.68 lm, while that of hyperpro-
liferative murine skin was 61.06 ± 2.97 lm.

3.2. In vitro evaluation of the ability of the ethosomal carrier to deliver
ALA

We studied both normal and hyperproliferative murine skins to
evaluate the ability of the ethosomal carrier to deliver ALA and the
penetration behavior. The penetration behaviors are shown in
Fig. 2 and Table 1. The cumulative amounts (CAs) of the control
group (consisting of the ALA aqueous solution) between normal
and hyperproliferative murine skins did not significantly differ.
Moreover, the original data showed a less-precise trend of the or-
der of the penetration mode of the control group in hyperprolifer-
ative murine skin, and the zero- and first-order relation coefficients
were 0.9099 and 0.9040, respectively. Generally, the CAs of the
ethosomal carrier showed significant improvement in normal
and hyperproliferative murine skin, and the ranges of increases
were 5- to 26-fold. In addition, the penetration mode in hyperpro-
liferative murine skin was first-order.

3.3. In vivo CLSM-observed PpIX intensity vs. penetrated depth

To clarify the penetration behavior of ALA-induced PpIX synthe-
sis between the normal skin and the hyperproliferative murine
skin models, we employed the CLSM technique to observe the PpIX
intensity and penetration depth as shown in Fig. 3. The total inten-
sity of PpIX in hyperproliferative murine skin with the ALA aque-
ous solution and ALA-encapsulated in the ethosome carrier (PE)
were 255.25 ± 42.09 and 930.07 ± 96.32, respectively. In addition,
the maximum penetrated depth of PpIX in hyperproliferative mur-
ine skin was 30 lm and extended to approximately 80 lm.

3.4. In vitro evaluation of cell viability

Safety of the ethosomal carrier was determined by examining
skin fibroblasts (Hs68) with the MTT assay as shown in Fig. 4.
The effect of the cell viability was tested after a 24-h incubation
period. The addition of the ALA aqueous solution resulted in a
slight decrease in the cell viability compared with the blank
(p > 0.05). Moreover, there was no significant difference between
the blank and the treatment with ALA-encapsulated in the etho-
some carrier (PE).

3.5. Inhibition of TNF-a with application of the ethosomal carrier

To determine the levels of epidermal disruption after applying
the ethosome carrier, we used TNF-a as an indicator. As shown
in Fig. 5, application of ALA dissolved in 15% EtOH resulted in a
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Fig. 2. In vitro cumulative amount-time profiles of the topical penetration of 5-
aminolevulinic acid (ALA) in an aqueous solution and in ethosomes for 12 h in (A)
normal murine skin and (B) hyperproliferative murine skin. Data represent the
mean ± SD (n = 3).

Table 1
In vitro cumulative amount and enhancement ratio of 5-aminolevulinic acid across
normal skin and hyperproliferative murine skin with control and phosphatidyleth-
anolamine-treated ethosomes for 12 h. Data represent the mean ± SD (n = 3).

Formulation CA in normal murine
skin (ng/cm2)0–12 h

CA in hyperproliferative
skin (ng/cm2)0–12 h

Control (ALA aqueous
solution)

1670.43 ± 548.89 1047.28 ± 300.99

Ethosome (PE) 8590.36 ± 1281.46 27783.00 ± 11,772
ERa 5.14 26.53

a ER (the enhancement ratio) = (cumulative amount of the PE ethosome group/
cumulative amount of the control group).
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slight decrease in skin TNF-a levels, but no significant difference
(p > 0.05) was detected. In contrast, ethosomes caused about a
20% decrease in TNF-a levels compared to that of the untreated
group.

4. Discussion

Recently, ALA–PDT was considered to have greater safety for
long-term treatment among the various therapeutic strategies for
psoriasis skin disease. However, the major limitation of the therapy
is the poor penetration behavior across skin of ALA. Most research-
ers have utilized healthy skin to investigate the penetration behav-
ior which cannot precisely predict a drug’s behavior in disordered
skin. Moreover, in our previous experiment, all ethosomal formula-
tions containing ALA were characterized, and topical ALA-encapsu-
lated in PE ethosomes applied to normal mouse skin produced high
PpIX intensities in the epidermis [9]. We tried to employ the
hyperproliferative murine skin model to investigate the penetra-
tion behavior of the ethosomal carrier (PE). In both the normal
and the hyperproliferative murine skin samples, results showed
that the ethosomal carrier significantly increased the in vitro deliv-
ery of ALA and the in vivo intensity of PpIX.

Indeed, there are many factors may cause the differences be-
tween human and rodents skin, and even with different application
sites of the same species. Therefore, clarifying differences in skin
has remained an important issue. The major differences involve
the thickness of the skin/SC, the composition and organization of
intercellular SC lipids (including the amounts of free fatty acids,
cholesterol, long-chain ceramides, and triglycerides), and the dis-
tributing density of hair follicles [8]. Previous studies showed that
mouse skin generally has higher penetration rates than does hu-
man skin, because the SC (17 vs. 9 lm) and epidermis (47 vs.
29 lm) of human skin are thicker than those of mouse skin [1,8].

On the other hand, psoriatic lesions obviously differ from normal
skin in abnormal SC stacking, which leads to the formation of scales,
reduces the granular layer, elongates the epidermal rete, and en-
larges the blood vessels. None of these features, except epidermal
rete, if at all, exist in the mouse model. In this study, the stripping
technique followed that of previous studies, which is an easy
method to handle. [10,13,14]. Moreover, the results were similar
to actual conditions of patients with mild to severe psoriasis. The
epidermal thickness is the distance from the basal layer to the stra-
tum granulosum/SC junction. Overall, the distance increased when
using the stripping technique compared to the distance in the con-
trol. In addition, observable changes in the SC existed with abnormal
stacking. The animal model could represent the hyperproliferative
human skin and make the formulation screening simply.

Nano-sized particles as vehicles offer a potential way for topical
application to deliver drugs to local lesions. Indeed, nanoporous
pathways with a width of tens of nanometers exist in the SC.
Hence, a vehicle with a suitable size ranging 30–40 nm should be
able to travel across the SC [15]. Our previous work demonstrated
that the properties of PE ethosome represented the particle size,
and zeta potential was 163.5 ± 0.9 and �53.5 ± 0.9, respectively.
However, traditional liposomes do not efficiently enter the deep
skin. They are mostly confined to the upper layer of the epidermis,
and partially associate with the particle size of vesicle and intercel-
lular of skin. The composition of lipids, the optimized ratio of the
additive mixture, the charge of the vesicles, the entrapment effi-
ciency of the drug, and the type of skin barrier should be consid-
ered [16]. In contrast, deformable ethosome carriers can disrupt
or weaken the skin structure, while enhancing drug delivery
through the skin barrier. Vesicles are composed of phospholipids,
ethanol, and water, and these components synergistically influence
penetration through the skin. Ethanol, an aliphatic chain, acts as an
enhancer which disrupts the skin barrier by lipid extraction [17].
On the other hand, ethanol increases the fluidity and flexibility of
ethosomes, which are caused by modulating the mobility of polar
lipid heads of lipid molecules.

In the in vitro penetration study, we found that the ALA aqueous
solution did not permeate across either normal or hyperprolifera-
tive murine skin. This indicates that hydrophilic molecules do
not penetrate into hydrophobic skin. Moreover, due to the inhomo-
geneity of hyperproliferative murine skin, the penetration mode
represented a lack of precise order especially for the ALA aqueous
solution. Indeed, discrepancies in penetration behaviors in psoriat-
ic or hyperproliferative lesions have been described by several
studies. Most clinical investigators employed a keratolytic agent
as a pretreatment or surgery to remove the scaling on the skin sur-
face [18,19].



Fig. 3. Confocal laser-scanning microscopic (CLSM) micrographs of the PpIX intensity in hyperproliferative murine skin after in vivo topical administration for 4 h. (A) Control
(a 5-aminolevulinic acid aqueous solution), (B) ethosomes, and (C) profile of skin depth versus intensity of PpIX. The full thickness was divided into nine segments from the
surface of the skin (left to right, top to bottom). Images below the photographs of the nine segments are the sum of all segments. Data represent the mean ± SD (n = 3).
Arbitrary units (A.U.). (For interpretation of the references to colours in this figure, the reader is referred to the web version of this paper.)
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In present study, we confirmed the safety of ethosomes by
examining the cell viability of a skin fibroblast cell line. The results
demonstrated that ALA dissolved in 15% EtOH caused a slight
decrease in the viability of fibroblast cells. On the other hand, etho-
somes themselves caused no significant difference when compared
with the blank. The phenomenon provides some hints which indi-
cate that the composition of PE may play a particular role in pro-
tecting skin. As is known, when skin is exposed to ethanol, a
chemical reagent, mechanical insults, ultraviolet light, chemicals,
and pathogenic microorganisms, the skin barrier or function may
be influenced [20]. Moreover, there are various types of skin dam-
age which result in changes in the structure of the skin. One type
the damage occurs in intercellular lipid areas, and it may create
gaps which increase the amount of drug. Barry and his colleagues
reported that disruption of the skin can be repaired by phospholip-
ids [21].

It is important to provide a platform to mimic the clinical situ-
ation in an in vivo animal model of hyperproliferative skin disease
for pharmaceutical research. As it is known that using vesicles with
a proper composition should increase the transport of drug across
normal skin. In this study, we employed ethosomal carriers to eval-
uate the penetration potential into hyperproliferative murine skin
in an in vivo situation. Results of CLSM examination confirmed that
ALA entrapped in the ethosomal carrier successfully delivered PpIX
into hyperproliferative murine skin. Previous studies demon-
strated that the thickness of the mouse SC was 9 lm, and the epi-
dermis was 29 lm. Compared to our result, the maximal
absorption of PpIX had a broad distribution of 20–50 lm, which
indicates that PpIX remained in the lower epidermis and passed
through the upper dermis. Numerous skin diseases are located in
the lower epidermis such as basal cell carcinoma and squamous
cell carcinoma [22], and ethosomal carriers can have an influence
at this depth of skin. Actually, the stripping technique caused the
epidermis to become about 2-fold thicker than normal; therefore,
we assumed that PpIX remained in the epidermis.

In addition, a discrepant phenomenon was found between the
in vitro and the in vivo studies. Due to the precursor characteristics
of ALA, PpIX formed in the in vivo situation. We used the cumula-
tive amount of ALA as a penetration indicator in the in vitro study,
and the results indicated that ALA existed in hyperproliferative
murine skin rather than in normal skin after the application of
ethosomes. However, we also used PpIX as a fluorescence marker
in the in vivo situation, and the results indicated that PpIX levels
existed in normal murine skin rather than in hyperproliferative
murine skin with the application of ethosomes (compared to our
previous data) [9]. In general, there are several major steps which
influence the formulation and depth in skin. First, ALA-encapsu-
lated vesicles (ethosomes) were transported to the SC of the skin.



Fig. 3 (continued)
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Second, ALA was released from the vesicles and located in the skin.
Third, most PpIX formed from ALA. In addition, the incubation time
of ALA, the combination with additives, and the kind of skin surface
also influence the penetration depth and intensity of ALA and ALA-
induced PpIX [23].

Our data inferred that there were different mechanisms of PpIX
formation between normal and hyperproliferative murine skin. As
mentioned earlier, the pathology of hyperproliferative murine skin
presented stacking in the SC and thickening of the epidermis which
apparently changed the barrier function. Certainly, increased up-
take of ALA by pathologic tissue may also have been responsible
for the increased formation of PpIX. However, our data demon-
strated that ALA could efficiently be transported into hyperprolif-
erative murine skin, but the limitation was the transformation of
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PpIX. The conversion of PpIX from ALA remains a key factor. ALA
selectively accumulates in abnormal SC or psoriatic plaque; how-
ever, porphyrin and heme synthesis rates may differ [24,25]. Cur-
rently, the rate-limiting enzyme in the heme synthesis pathway
is ALA synthase, which is inhibited by the buildup of heme in the
system. After moving through the body, ALA is converted in cells
to PpIX via a number of sequential chemical reactions. However,
the real rate-limiting enzyme in the ALA–PpIX pathway is still cur-
rently an ongoing study. Such enzymes in the ALA–PpIX pathway
may play a particular role, but the importance enzymes in various
cell types or diseases may differ [26,27]. According to those were
mentioned earlier, we assumed that the limitation was PpIX for-
mation from ALA associated with an enzyme in hyperproliferative
murine skin.

Tape stripping was used to disrupt the permeability barrier, and
a cascade of changes occurred in epidermal metabolism including
increased lipid synthesis and DNA synthesis, and an enhanced pro-
duction of cytokines. In particular, increased synthesis of TNF-a
and other cytokines plays a role in psoriatic skin [28]. Generally,
cytokines initiate epidermal hyperproliferation and cutaneous
inflammation. We determined that TNF-a is an indicator of pertur-
bation of the barrier function. We found that after application of
ethosomes, a prominent decrease in TNF-a of about 18.8% was
noted, which confirmed that the ALA–ethosome carrier recovered
the skin.

5. Conclusions

To sum up, we confirmed that application of ethosomal carriers
with ALA in hyperproliferative murine skin can improve the pene-
tration of ALA and the formation of PpIX and significantly reduce
TNF-a in this disordered skin compared to that after application
of an ALA aqueous solution. The present work contributes to our
understanding of the behavior and outcome of penetration of
hyperproliferative murine skin. Furthermore, the mechanism of
the interaction of ethosomes with hyperproliferative murine skin
needs to be elucidated.
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