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Introduction: The aim of the study was to evaluate the effect of ethanol on collagen biosynthesis
in cultured human skin fibroblasts, and the role of hyaluronic acid (HA) in this process. Regard-
ing the mechanism of ethanol action on human skin fibroblasts we investigated: expression of 3,
integrin and insulin-like growth factor 1 receptor (IGF-IR), signaling pathway protein expres-
sion: mitogen-activated protein kinases (MAPKSs), protein kinase B (Akt), nuclear factor kappa
B (NF-xB) transcription factor, cytotoxicity assay and apoptosis, metalloproteinase activity, as
well as the influence of HA on these processes.

Materials and methods: Collagen biosynthesis, activity of prolidase, DNA biosynthesis, and
cytotoxicity were measured in confluent human skin fibroblast cultures that have been treated
with 25, 50, and 100 mM ethanol and with ethanol and 500 pg/mL HA. Western blot analysis
and zymography were performed to evaluate expression of collagen type I, B, integrin receptor,
IGF-IR, NF-kB protein, phospho-Akt protein, kinase MAPK, caspase 9 activity, and matrix
metalloproteinases (MMP-9 and MMP-2).

Results: Ethanol in a dose-dependent manner lead to the impairment of collagen biosynthesis
in fibroblast cultures through decreasing prolidase activity and expression of B, integrin and
IGF-IR. This was accompanied by an increased cytotoxicity, apoptosis and lowered expression
of the signaling pathway proteins induced by B, integrin and IGF-IR, that is, MAPK (ERK )
kinases. The lowered amount of synthesized collagen and prolidase activity disturbance may also
be due to the activation of NF-kB transcription factor, which inhibits collagen gene expression. It
suggests that the decrease in fibroblast collagen production may be caused by the disturbance in
its biosynthesis but not degradation. The application of HA has a protective effect on disturbances
caused by the examined substances. It seems that regulatory mechanism of ethanol-induced
collagen aberration take place at the level of collagen biosynthesis, since no effect of ethanol
and HA was found on process of collagen degradation by MMP-2 and MMP-9.

Conclusion: This study provides evidence that ethanol impairs collagen metabolism in human
skin fibroblasts, leading to a significant decrease in the amount of produced protein. This
mechanism probably is due to downregulation of prolidase activity, expression of 3, integrin
and IGF-IR receptors, and the signaling pathway proteins induced by these receptors.
Keywords: collagen, ethanol, hyaluronic acid, fibroblast

Introduction

Ethanol (ethyl alcohol) exposure can cause a variety of local and systematic
abnormalities. Organs that are particularly affected by ethanol intoxication are lungs,
kidney, and liver.! It has been shown that ethanol intoxication induces oxidative stress
resulting in modulation of expression of metalloproteinases and tissue inhibitors of
matrix metalloproteinases (MMPs) in cardiac and hepatic cells contributing to changes
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in cell phenotype to fibroblast-like with further consequence
in tissue collagen accumulation and fibrosis.>* Several studies
documented the ethanol-dependent oxidative damage in a
liver. It was found that the mechanism of this process may
involve mitochondrial function and cell survival.' Therefore,
the cytotoxicity of ethanol may contribute to cell apoptosis
or may induce proinflammatory cytokines.* Alcohol was
found to inhibit MCF-7 human mammary carcinoma cell
growth in vitro.’

It seems that ethanol especially affects biosynthesis
of collagen type I. This process occurs mainly in hepatic
cells but it is also observed in skin cells. Exposure of skin
to ethanol led to raise many dermatological abnormali-
ties like palmar erythema, plethoric facies, infections, and
flushing.® Biopsies obtained from skin of alcohol abuse
donors supported the tissue structure abnormality and
isolated fibroblasts evoked prolonged time of proliferation.®
Some data suggest that ethanol may affect wound healing
by interference with collagen I and III biosynthesis.” Etha-
nol is commonly used in cosmetics, pharmaceutics, and
disinfectants.®® A large variety of alcohols are used as
diluents, preservatives, ingredients of moisturizing sub-
stances or fragrance in cosmetic applied on the skin.”!° The
concentration of ethanol in product for typical application
may vary from less than 1% to 96.9%.

Hyaluronic acid (HA) was found as a beneficial agent
in wound healing and inflammatory processes. It was sup-
ported by in vivo and in vitro studies.'"'* Approximately half
of produced hyaluronan is synthesized by fibroblasts and
occurs in skin extracellular matrix. Binding of HA to cluster
of differentiation 44 (CD44) and receptor for hyaluronic
acid-mediated motility (RHAMM) on fibroblast may affect
the signaling thereby regulating cell growth, differentiation,
adherence, and collagen synthesis.'* Synthesis of collagen in
fibroblast can be triggered in a variety of ways, one of which
is a prolidase-dependent mechanism.!?

The mechanism of HA protective action on collagen
metabolism disturbances in ethanol exposure is not known.
Therefore, we focused on the mechanism of ethanol-induced
downregulation of collagen biosynthesis and the role of HA
in this process. To explore and characterize potential nega-
tive consequence(s) of ethanol exposure to skin fibroblasts
we examined its effect on expression on collagen type L, 3,
integrin and insulin-like growth factor 1 receptor (IGF-IR),
phosphorylated mitogen-activated protein kinases (MAPKs:
ERK /ERK,), protein kinase B (Akt), nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-xB), caspase 9,
and activity of prolidase in cultured human skin fibroblasts.

Materials and methods

Cell culture

Primary Dermal Fibroblast: Normal, Human, Adult ATCC®
PCS-201-012™ were purchased from ATCC (Manassas, VA,
USA) and HA sodium salt H5542 was purchased from Sigma-
Aldrich (St Louis, MO, USA). The cells were maintained in
Dulbecco’s Modified Eagle’s Medium supplemented with
10% fetal bovine serum (HyClone Laboratories, Logan, UT,
USA), 2 mM glutamine, 50 U/mL penicillin, and 50 pg/mL
streptomycin at 37°C in a 5% CO, incubator. Cells were
used between passages 10 and 14 for all experiments. Ethical
permission from Medical University Bialystok- ethical com-
mission was obtained for the use human cell lines.

Collagen synthesis

Incorporation of radioactive precursor into proteins was
measured after labeling confluent fibroblasts cultured in
growth medium with varying concentrations of ethanol and
HA 500 pg/mL for 24 hours in serum-free medium with the
5[*H] proline (5 uCi/mL, 28 Ci/mmol). Quantity of incorpo-
rated label into collagen was determined by digesting proteins
with purified Clostridium histolyticum collagenase according
to the method of Peterkofsky and Diegelmann.'*

Determination of prolidase activity

Prolidase activity was measured using the method described
by Myara et al.'® Protein concentration was measured by the
method of Lowry et al.'® Cells were harvested before being
centrifugated at 200x g for 15 minutes. The supernatant
was refused. Then the pellet was resuspended in (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
(50 mM, pH 7.8) and disrupted by sonication (3x10 seconds
at temperature of 0°C). After that followed centrifugation at
12,000x g for 30 minutes at 4°C and protein was determined in
supernatant, and activity of prolidase was assayed. Then 100
UL samples of supernatant of the cell extract were mixed with
HEPES (100 pL, 50 mM, pH 7.8) which contained MnClI,
(to achieve the final concentration 1 mM of MnCl ). Samples
were incubated at 37°C for 24 hours before being initiated
with 100 UL of 94 mM glycyl-proline (Gly-Pro) to achieve
47 mM of final concentration Gly-Pro. Then samples were
incubated at 7°C for 60 minutes and the reaction was stopped
by adding 0.45 M trichloroacetic acid (TCA) (1 mL portion).
TCA was added to parallel unused tubes at time “zero”.
Then followed centrifugation of samples for 15 minutes at
10,000x g. Determination of proline occurred through addi-
tion of TCA/supernatant (0.5 mL) to the mixture (1:1) of
glacial acetic acid/Chinard’s reagent. Then entireness was
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incubated at 90°C for 10 minutes. Colorimetry (absorbance
at 515 nm) was used for determination of proline toward the
proline standards. Results were expressed as nanomoles of
proline released per minute per milligram of protein.

DNA biosynthesis

The effect of the studied substances on fibroblast [*H]-
thymidine incorporation was examined. In 24-well tissue
culture dishes, cells were plated at 1x10° cells/well, using
1 mL growth medium in each well. Forty-eight hours later
(1.620.1x10° cells/well), various concentrations of ethanol
with or without 500 ug/mL hyaluronan were added for
24 hours at 37°C to the culture wells. Thereafter 0.5 uCi
[*H]-thymidine (6.7 Ci/mmol) was added to the wells and
cultures were incubated at 37°C for 4 hours. Subsequently,
the cells were rinsed three times with 1 mL 0.05 M Tris—HCI
and twice with 5% TCA. This was followed by cell lysis in
I mL 0.1 M NaOH containing 1% sodium dodecyl sulfate
(SDS). Next, 4 mL scintillation liquid was added and radio-
activity was measured in scintillation counter.

Cytotoxicity assay

Cell vitality was assayed by using the methyl thiazolyl
tetrazolium (MTT) assay, which is based on the conver-
sion of the yellow tetrazolium bromide MTT to the purple
formazan derivative, by the mitochondrial enzyme succinate
dehydrogenase in viable cells. At the end of the incubation
period, the medium was transferred to 96-well trays for
cytokine determination. The cells were washed with 0.2 mL
of phosphate-buffered saline and assayed for the cytotoxicity
in the same tray. For the treated cells, toxicity was expressed
as a percentage.

SDS-PAGE

The Laemmli method was used to perform slab 10% sodium
dodecyl sulfate-polyacryylamide gel electrophoresis (SDS-
PAGE) electrophoresis.!” Samples of cell supernatants (20 g
of protein) were analyzed. As standards we used: myosin
(200 kDa), galactosidase (116.2 kDa), phosphorylase b
(97.4 kDa), bovine serum albumin (66.2 kDa), and ovalbumin
(45 kDa) (Bio-Rad, Berkeley, CA, USA).

Western blot analysis

The Laemmli method was used to perform slab SDS-PAGE
electrophoresis. Equal portions of cell supernatants (20 g
of protein) were analyzed. We condensed ten times cul-
ture medium using centricons (3 kDa cut off), mixed with
Laemmli sample buffer (containing 2.5% SDS, without

reducing agent). Electrophoresis was performed with equal
portions (100 png) of protein. After electrophoresis the cells
were equilibrated in 25 mM Tris with 0.2 M glycine in 20%
methanol (v/v) for 5 minutes. Samples were transmitted
to nitrocellulose 0.2 um pore sized at 100 mA for 1 hour.
For this procedure LKB 2117 Multiphor II Electrophoresis
System Multiphor (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) was used. We incubated the nitrocellulose
for 1 hour with: monoclonal anti-collagen I antibody (concen-
tration of 1:1,000), monoclonal anti-phospho-Akt antibody
(concentration of 1:1,000), polyclonal anti-NF-kB antibody
(concentration of 1:1,000), monoclonal anti-phospho-MAPK
antibody (ERK, ) (concentration of 1:1,000), monoclonal
anti-caspase 9 antibody (concentration of 1:1,000). The anti-
bodies were dissolved in solution containing 5% dried milk,
in Tris-buffered saline with Tween 20 (TBS-T) (20 mmol/L
Tris—HCI buffer, pH 7.4, containing 150 mmol/L NaCl and
0.05% Tween 20). To analyze phospho-MAPK (ERK /
ERK/,) and phospho-AKT, anti-mouse IgG (whole molecule)
alkaline phosphatase conjugate was added at concentration of
1:5,000 in TBS-T. To analyze NF-kB and caspase-9 second
antibody-alkaline phosphatase conjugated, anti-rabbit 1gG
(whole molecule) was added at concentration of 1:5,000
in TBS-T. To analyze collagen type I and B-actin second
antibody-alkaline phosphatase conjugated, anti-goat IgG
(whole molecule) was added at concentration of 1:5,000 in
TBS-T. The entire mixture was incubated for 30 minutes
under slow shaking. After that the nitrocellulose was washed
with TBS-T (5x5 minutes) and submitted to 5-bromo-4-
chloro-3-indolyl phosphate/nitro blue tetrazolium liquid
substrate reagent. The intensity of the bands was quantified
by densitometric analysis.

Zymography

Gelatinolytic activity was measured using the method of
Unemori and Werb.!® We condensed ten times culture
medium using centricons (3 kDa cut off), mixed with sample
buffer (containing 2.5% SDS, without reducing agent).
Electrophoresis was performed with equal amounts of
protein (20 pg) on polyacrylamide gels (10%) under nonre-
ducing circumstances. Gels were impregnated with gelatin
(1 mg/mL). Incubation of gel following the electrophoresis
to remove SDS was performed for 30 minutes in 2% Triton
X-100. After that followed incubation in buffer containing
Tris—=HCI 50 mM, pH 8 with CaCl, 5 mM (substrate buffer)
for 18-24 hours at 37°C. After that Coomassie Brilliant Blue
R250 (Thermo Fisher Scientific, Waltham, MA, USA) was
used to perform staining.
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Statistical methods

The mean values for at least three assays * standard deviation
(£SD) were calculated in all appropriate experiments. The
statistical analysis was performed applying double-sided,
unpaired Student’s #-test and analysis of variance. The IBM
SPSS 22.0 Statstics Genericom (IBM Corporation, Armonk,
NY, USA) program was used. P<<0.05 and P<<0.01 was
acknowledged as statistically significant.

Results

In order to evaluate the activity of ethanol on collagen syn-
thesis in human skin fibroblasts, the cells were incubated
for 24 hours in 25, 50, and 100 mM of ethanol as well as
in ethanol with HA at concentration of 500 pwg/mL. It has
been shown that ethanol induced decrease in collagen
synthesis in dose-dependent manner (Figures 1 and 2).
Exposure of the fibroblasts to different concentrations of
ethanol contributed to inhibition of collagen biosynthesis
by 58.08% (2.39%%SD; n=3), 76.23% (3.52%=SD; n=3),
83.15% (4.03%=xSD; n=3) P<<0.05, P<<0.01, respectively,
compared to the control value. However, in the presence of
HA at 500 pg/mL, the potency of ethanol to inhibit collagen
biosynthesis was much lower. HA added to cells alone did
not have any significant effect on collagen biosynthesis in
control cells. The results presented provide evidence that
ethanol has an inhibitory effect on collagen synthesis in
confluent human skin fibroblasts and HA counteracted this
process (Figures 1 and 2).

The enzyme responsible for recycling of proline for col-
lagen resynthesis are prolidase and MMPs. The addition of
ethanol at concentrations of 25, 50, and 100 mM to cell cul-
tures contributed to decrease in prolidase activity by 29.05%
(4.55%=%SD; n=3), 56.15% (3.82%=SD; n=3), and 88.18%
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(1.16%=xSD; n=3). The addition of HA had a significant
protective effect on prolidase activity in fibroblasts incubated
with ethanol. HA restored prolidase activity in cells incubated
with ethanol to control level (Figure 3).

The conducted research proves that ethanol impairs
collagen metabolism in human skin fibroblasts, leading to a
significant decrease in DNA synthesis. The disintegrations
per minute of [*H] thymidine incorporated into the DNA of
these cells was taken as 100%. This was a reference value.
We evaluated the effect of ethanol in the presence or in the
absence of HA (500 mg/mL). Exposure of the fibroblasts to
different concentrations of ethanol contributed to inhibition
of DNA synthesis by 21.06% (7.08%xSD; n=3), 44.15%
(5.06%+SD; n=3), 56.27% (4.26%=xSD; n=3), 50.16%
(4.56%=£SD; n=3) P<<0.05, P<<0.01, respectively, compared
to the control value. HA has protective influence on the
processes induced by ethanol (Figure 4).

The efficacy of HA in reducing the cytotoxicity of 25, 50,
and 100 mM ethanol is shown in Figure 5. It has been shown
that ethanol induced cytotoxicity in dose-dependent manner.
The presence of ethanol inhibition of cell survival 20.16%
(4.05%xSD; n=3), 35.18% (3.63%=xSD; n=3), 56.03%
(2.53%=SD; n=3) P<<0.01, respectively, compared to the
control value. The B, integrin receptor plays a pivotal role in
the control of collagen biosynthesis and prolidase activity. In
this study, we found that ethanol decreased expression of 3,
integrin receptor in dose-dependent manner. In cultured cells
incubated with HA and ethanol, this effect was abrogated.
The expression of integrin receptor in the cells treated with
different concentration of ethanol and HA was found to be
similar as in control cells (Figure 6A).

It is known that cross-talk between P, integrin receptor
and IGF-IR receptor plays key role on activation of expression

k%
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=

Ethanol
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Ethanol DMSO
100 mM 2%

Figure | Collagen biosynthesis measured as 5[*H]-proline incorporation into proteins susceptible to the action of bacterial collagenase in confluent human skin fibroblasts

incubated for 24 hours with different concentrations of ethanol and HA.
Notes: ANOVA test: **P<<0.01. Error bars represent * standard deviation; n=3.

Abbreviations: ANOVA, analysis of variance; HA, hyaluronic acid; DMSO, dimethyl sulfoxide; dpm, disintegrations per minute.
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Figure 2 Western immunoblot analysis for collagen type | in subconfluent human skin fibroblasts (control), cells treated with or without HA for 24 hours. The intensity of
the bands staining was quantified by densitometry analysis. Student’s t-test, *P<<0.05 and **P<<0.01.
Notes: |, control; 2, ethanol 25 mM; 3, ethanol 50 mM; 4, ethanol 100 mM; 5, HA; 6, ethanol 25 mM and HA; 7, ethanol 50 mM and HA; 8, ethanol 100 mM and HA. Samples

used for electrophoresis consisted of 20 g protein of pooled cell extracts.
Abbreviations: AU, arbitrary units; HA, hyaluronic acid.

of collagen gene and prolidase activity. Ethanol, similarly as
in case of integrin receptor, induced decrease in the expres-
sion of IGF-IR (in dose-dependent manner). HA also had
protective effect on the level of expression of this receptor
(Figure 6B). In this case, expression of IGF-IR receptor in
cells incubated with ethanol and HA was close to control.
The signal transmitted by stimulated IGF-IR and [3, inte-
grin receptor leads to the activation of MAPKs (ERK ) and
Akt."*15 As can be seen in Figure 6C in fibroblasts treated
with ethanol, the expression of MAPK (phospho-ERK, )
decreased in dose-dependent manner. An addition of HA to
cells treated with ethanol had protective effect on the ethanol-
dependent decrease in the expression of phospho-ERK .
Ethanol and ethanol with HA added to cultured fibroblasts
had no effect on the expression of phospho-AKT kinases
(Figure 6D). Various concentrations of ethanol have a cyto-
toxic effect on human skin fibroblasts, leading to induction of
apoptosis, which results in the observed increase of caspase 9
expression (Figure 6E). What is more, HA application has
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B with HA

*%* *%k

1801
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120
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60 4
30+

Prolidase activity
(nmol/min/mg protein)

0 +
Ethanol
25 mM

Ethanol
50 mM

Ethanol DMSO
100 mM 2%

Control

Figure 3 Prolidase activity in confluent human skin fibroblasts incubated for
24 hours with different concentrations of ethanol and HA.

Notes: ANOVA test: *P<<0.05, **P<<0.01. Error bars represent + standard deviation;
n=3.

Abbreviations: ANOVA, analysis of variance; HA, hyaluronic acid.

a protective effect on cell proliferation disorders caused by
ethanol. Moreover, expression of B-actin was not affected
in the cells when treated with ethanol in the presence or in
absence of HA (Figure 6F).

Several data suggested that prolidase-dependent regula-
tion of collagen biosynthesis may take place at the tran-
scriptional level, depending on NF-xB expressions. NF-xB
is the transcription factor that acts as inhibitor of expression
of alpha 1 and alpha 2 subunits of type I collagen.'** We
found increased NF-kB expression in fibroblast treated with
ethanol (Figure 7A). An addition of HA to cells treated with
ethanol contributed to decrease in the expression of this tran-
scriptional factor to the control level. Moreover, expression of
B-actin was not affected in the cells when treated with ethanol
in the presence or in absence of HA (Figure 7B). It seems that
regulatory mechanism of ethanol-induced collagen aberra-
tion take place at the point of collagen biosynthesis, since no
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50 mM
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Figure 4 DNA biosynthesis measured as [*H]-thymidine incorporation into DNA in
human skin fibroblasts (control) incubated for 24 hours with different concentrations
of ethanol and HA.

Notes: ANOVA test: *P<<0.05, **P<<0.01. Error bars represent + standard deviation;
n=3.

Abbreviations: ANOVA, analysis of variance; HA, hyaluronic acid.
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Figure 5 Cytotoxicity in human skin fibroblasts (control) incubated for 24 hours
with different concentrations of ethanol and HA.

Notes: ANOVA test: *P<<0.05, **P<<0.01. Error bars represent * standard deviation;
n=3.

Abbreviations: ANOVA, analysis of variance; HA, hyaluronic acid.

effect of ethanol and HA was found on process of collagen
degradation by MMP-2 and MMP-9 (Figure 8).

Discussion

Although cytotoxicity of ethanol was well recognized, the
mechanism of its effect on collagen metabolism in tissues
is not fully understood. It seems that ethanol-induced col-
lagen metabolism abnormalities are tissue specific. In liver it
may contribute to stimulation of collagen biosynthesis with
consequence of tissue fibrosis, while in the skin an opposite
process may occur with consequence on wound healing.

In this study, we provided evidence that ethanol
downregulated collagen metabolism in skin fibroblast through
several levels of regulations of this protein. At first it affects
activity of prolidase, the enzyme that play important role in
collagen biosynthesis. The enzyme is responsible for recycling
of proline for collagen resynthesis, thus determines production
of collagen. Peptide bonds between proline and other amino
acids can be cleaved also by another peptidases, prolinase that
requires proline at N-terminal position.?! Prolidase is second
iminopeptidase that cleaves dipeptides with C-terminal
proline in order to harvest free proline. The enzyme digests
endogenous as well as dietary Xaa-Pro dipeptides.?!

Another level of collagen metabolism regulation in
ethanol-treated fibroblast was found at 3, integrin and IGF-IR.
Previously, we found that cross-talk between the receptors
contribute to upregulation of collagen biosynthesis.? In the
present study, we found that ethanol contributed to suppression
of'the expression of both receptors. Simultaneously, we found
increase in the transcription activity of NF-kB, the known
inhibitor of type I collagen that subunits gene expression.?’
As a result of the conducted research, it has been concluded
that ethanol lead to the impairment of collagen biosynthesis in
fibroblast cultures through decreasing prolidase activity and

expression of B, integrin and IGF-IR. This was accompanied
by a lowered expression of the signaling pathway proteins
induced by B, integrin and IGF-IR, that is, MAPK (ERK )
kinases. The lowered amount of synthesized collagen and
prolidase activity disturbance may also be due to the activa-
tion of NF-xB transcription factor, which inhibits collagen
gene expression. The application of HA in the concentration
of 500 pg/mL has a protective effect on disturbances caused
by the examined substances. The constellation of processes
affected by ethanol explains the mechanism of ethanol-
induced downregulation of collagen biosynthesis. Based on
our previous studies, we considered HA as an agent counter-
acting ethanol-induced deregulation of collagen metabolism
in fibroblast.'' In fact, we found that HA abolished all studied
defect in collagen metabolism, evoked by ethanol. In our
previous paper, we have not observed an abolishing effect
of HA when caffeine downregulated collagen synthesis.?
Various concentrations of ethanol have a cytotoxic effect
on human skin fibroblasts, leading to lowered survivability,
DNA biosynthesis inhibition, and induction of apoptosis,
which results in the observed increase of caspase 9 expres-
sion. What is more, HA application has a protective effect
on cell proliferation defect caused by ethanol.

HA plays important role in maintenance of extracellular
matrix and evokes protective action on collagen structure.**
HA is an art of glycosaminoglycan, where D-glucuronic acid
is connected with a particle of N-acetylglucosamine through
glycoside bonds.?**” The cell is embedded around in a layer
of hyaluronan that is responsible for shape, adhesion, and
migration of the cell.** Skin contains approximately 50% of
all HA in the body. HA improve healing processes in sev-
eral pathologic conditions like venous ulcers or membrane
injuries. Literature data shows that HA play beneficial role
in the regenerative processes associated with dysfunction
of collagen synthesis.?® We can speculate that HA protects
against ethanol-induced disorders. This protective effect
may be controlled through interactions of hyaluronan with
its receptors CD44 and/or RHAMM.? At least in endothelial
cells, this mechanism contributes to stimulation of collagen
production.’** Whether CD44 and RHAMM receptors play
important role in the mechanism of HA-dependent counterac-
tion of ethanol toxicity requires further study.

The data presented in this paper may have also some
social importance. They suggest that the fibroblasts are par-
ticularly sensitive to ethanol and respond to the compound by
inhibition of collagen biosynthesis. This process contributes
to skin aging, which is of special interest of cosmetology.
In view of the above data and fact that ethanol is commonly
used in cosmetology, it can be postulated to replace the
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Figure 7 Western immunoblot analysis for p65 NF-kB (A) protein and B-actin (B) in subconfluent human skin fibroblasts (control), cells treated with or without HA for
24 hours. The intensity of the bands staining was quantified by densitometry analysis.

Notes: Student’s t-test: **P<<0.01. I, control; 2, ethanol 25 mM; 3, ethanol 50 mM; 4, ethanol 100 mM; 5, HA; 6, ethanol 25 mM and HA; 7, ethanol 50 mM and HA; 8, ethanol
100 mM and HA. Samples used for electrophoresis consisted of 20 ig protein of pooled cell extracts.

Abbreviations: AU, arbitrary units; HA, hyaluronic acid.
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Figure 8 Zymography for MMP-9 (92 kDa) and MMP-2 (72 kDa) in subconfluent human skin fibroblasts (control), cells treated with or without HA for 24 hours.

Notes: The intensity of the bands staining was quantified by densitometry analysis. |, control; 2, ethanol 25 mM; 3, ethanol 50 mM; 4, ethanol 100 mM; 5, HA; 6, ethanol
25 mM and HA; 7, ethanol 50 mM and HA; 8, ethanol 100 mM and HA. Samples used for electrophoresis consisted of 20 g protein of pooled cell extracts.
Abbreviations: AU, arbitrary units; HA, hyaluronic acid; MMP, matrix metalloproteinase.
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ethanol in cosmetics by other solvent or preservatives. It can

be also considered to include HA to cosmetic preparations

containing ethanol.
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