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ABSTRACT - Ethyl alcohol (ethanol) is commonly applied in cosmetic and pharmaceutical preparations, as 
well as disinfectant for chronic wounds. Objective: The present study aimed to appraise physiological levels of 
ethanol-induced damage in skin cells in vitro and the possible repair by hyaluronic acid (HA). In addition, we 
aimed to establish cytokine-chemokine networks in the cellular media and the modulation of cytokines such as 
tumor necrosis factor-alpha (TNF-), interferon-alpha (IFN-α), transforming growth factor-beta (TGF-), 
interleukins (IL) such as IL1- and IL-6, as well as matrix metalloproteinases (MMP) and tissue inhibitors of 
metalloproteinases (TIMP). Design and Methods: We treated human A431 epidermoid skin cells and mouse 
fibroblasts with ethanol at a concentration of 100 mM over 24 hours (h). A separate experiment looked at the 
effects of 2 consecutive treatments with 100 mM ethanol for 24 h each. HA obtained from umbilical cord 
excision was used at two concentration levels (2% and 4%) to determine its efficacy in the treatment. We 
measured cytotoxicity and cytokine networks in the media. Results: Treatment of cells with 100 mM ethanol 
increased cytotoxicity, as well as the release of pro-inflammatory cytokines into the culture medium.  
Conclusions: Ethanol may induce cytotoxicity in skin cells by enhancing the effects of pro-inflammatory 
cytokines. HA reduced the amount of pro-inflammatory cytokines released into the media both in human A431 
epidermoid skin cells and in mouse fibroblasts. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________ 
 
INTRODUCTION 
 
Ethanol is a commonly used vehicle for both topical 
and parenteral drug preparations (1). A large variety 
of alcohols in different concentrations are used both 
in cosmetic products and as disinfectants (2-4). 

Skin exposure to ethanol is a common 
occurrence in hospitals and health care facilities. In 
addition to its use in cosmetics, ethanol is used as a 
vehicle for contact allergy testing and to enhance 
skin permeability to drugs (5). Additionally, studies 
on the use of high concentrations of ethanol 
injections in allergic rhynitis have been described 
(6). Topical reactions include local cutaneous 
erythema, as observed macroscopically on patch 
testing (7). 

Moreover, ethanol is used as a disinfectant of 
chronic wounds. Chronic non-healing wounds are a 

major health care problem; that may lead to 
disability and decrease quality of life (8). Among 
burn patients, skin replacement can save the life of 
an individual, and improve his/her quality of life 
(9). 

In the United States, the therapeutic cost of 
chronic wound healing exceeds $10 billion annually 
and constitutes over half of the total cost for all skin 
diseases (10,11).  
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Systemic conditions affecting wound healing 
include diabetes mellitus, trauma, inflammatory 
illnesses, metabolic abnormalities, coagulopathies, 
immunosuppression, smoking, malnutrition, and 
obesity (12). Many of these predisposing factors 
impair blood flow, resulting in local hypoxia that 
may decrease leukocyte bactericidal action by 
affecting oxidant-producing enzymes such as 
myeloperoxidase (13,14). 

There are also a variety of factors that promote 
inflammation within the chronic wound. High 
microbial burden leads to the presence of 
polymorphonuclear leukocytes within and around 
the wound. These cells promote inflammation. This 
inflammatory response encourages a sustained 
release of cytotoxic enzymes, cytokines and 
chemokines, matrix metalloproteinases, and free 
oxygen radicals (15,16). These pro-inflammatory 
agents degrade the extracellular matrix, inhibit cell 
migration, and prevent wound closure (14). 
Therefore, promoting wound healing regardless of 
the nature of the agent that produced the 
inflammation is of pivotal importance. 

Several groups including ours are searching for 
biomaterial that might be used in regenerative 
surgery employing HA (17-20). A cellular gel 
matrix-integrated implant system composed of a 
chitosan scaffold, gelatin and HA was used to treat 
full-thickness skin lesions in an experimental rabbit 
model (21). This formulation was well tolerated and 
led to a significantly higher survival rate, compared 
to animals allowed to heal in the absence of the 
integrated implant system (21). 

The applications of an in vivo HA-based 
synthetic extracellular matrix system for the 
delivery of cells and molecules are varied, ranging 
from cancer biology to tumor imaging. Injectable 
and biocompatible vehicles for delivery, retention, 
growth and differentiation of stem cells are 
customized for use with progenitor and mature cell 
populations obtained from skin, fat, liver, heart, 
muscle, bone, cartilage, nerves and other tissues 
(22,23). Namazi et al. described that healing during 
early gestation occurs quicker and is virtually scar-
free (24). HA was used to enhance new skin 
formation for many years. Higher levels of HA 
have been observed during fetal wound healing 
compared to adult post-gestational wound healing. 
Also Namazi et al., observed less inflammation, as 
well as altered ratios of signaling molecules, such 
as higher ratios of TGF-β3 to TGF- β1 and TGF- 

β2, and MMP to TIMP (24). Extracellular matrices 
containing hyaluronan have attracted attention 
because of their involvement in the proliferation, 
adhesion and migration of cells, and in infiltration 
by leukocytes, especially neutrophils (19,25,26). 

We have previously demonstrated that ethanol 
produced damage in epidermoidal cell lines and 
normal human keratinocytes in vitro (27-29). We 
have also described that 2% and 4% HA was able to 
repair lesions after ethanol-induced damage in 
human A431 line and in normal mouse fibroblast 
cells (29). In our previous work, we employed low 
physiological levels of ethanol, an inducer of 
cytochrome p450 2E1 (CYP2E1), to cause cell 
damage. The cytotoxic effect of ethanol included 
the release of pro-inflammatory cytokines and skin 
cell apoptosis (28-31). Since exposure to 100 mM 
ethanol produced significant cytotoxicity in both 
human A431 cells and in mouse fibroblasts 
compared to cells that did not receive ethanol, we 
decided to employ this concentration in the present 
study. Moreover, we designed a chronic experiment 
by treating the cells with 100 mM ethanol for two 
consecutive 24 h periods. 

External and internal signals received by the 
skin can lead to cell death by necrosis or apoptosis 
(30). If the latter occurs, the cell’s chromatin 
condenses and the DNA becomes fragmented, yet 
the integrity of the cell membrane is maintained. 
Cells are cleaved into apoptotic bodies and the 
apoptotic cells and apoptotic bodies are eliminated. 
As a result, potentially toxic metabolites that could 
harm healthy neighboring cells are not released 
(28,31). Apoptosis, or programmed cell death, and 
the elimination of apoptotic cells are crucial factors 
in maintaining tissue health. Apoptosis allows cells 
to die without provoking a potentially harmful 
inflammatory response. 

In contrast to necrosis, apoptosis is tightly 
controlled and regulated via several mechanisms, 
including the effects of cytokines such TNF-α and 
TGF-β. Efficient elimination of apoptotic cells is 
regulated by the expression of certain cell surface 
receptors. TNF-α is an inflammatory cytokine 
produced during acute inflammation and is 
responsible for a diverse range of signaling events 
within cells, leading to either necrosis or apoptosis. 
Furthermore, TNF-α is associated with fibroblast 
inflammation in rodents. There is an apparent and 
critical dichotomy. Tumor necrosis factor receptor-
1 assembles a signaling complex that can promote 
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both cell death and survival. Alteration of virtually 
any intracellular apoptosis-related factor can change 
the balance towards cell survival. The dependence 
on chemokine/cytokine milieu may be central to 
understanding the paradox of the opposing 
functional capacities of TNF-α. However, cells can 
be refractory to TNF-α, owing to the over-
expression of anti-apoptotic proteins, such as 
nuclear factor-kappa B (NF-κB) and mitochondrial 
apoptotic pathway-related factors (32). 

IL-6 is a multifunctional cytokine that regulates 
the immune response, the acute phase response, and 
inflammation. Deregulation of IL-6 production is 
implicated in the pathology of several disease 
processes. Importantly, IL-6 is involved in both a 
pro-inflammatory and anti-inflammatory cytokine 
release (32). 

We demonstrated that apoptosis in A431 
epidermoid skin cells was triggered in a variety of 
ways, one of which is a cytokine-mediated process. 
Cytokines interacted with their receptors located on 
the surface of A431 epidermoid skin cells and 
initiated a cascade of events, including caspase 
enzyme activation and disruption of mitochondrial 
membrane potential, both of which led to cell death 
(27). 

The current work attempts to elucidate the 
mechanism of chronic ethanol-induced skin-damage 
and the role played by HA in cell repair.  
 
MATERIALS AND METHODS 
 
Healing HA-jelly    
Healing HA jellies at concentrations of 2% and 4% 
were formulated at the Placentary Histotherapy 
Center in Cuba. The manufacturing process 
consisted of separating residual umbilical cords 
from human placentas obtained according to the 
National Recollection Program in Cuba. HA is a 
viscous polysaccharide that belongs to the 
glycosaminoglycan group. HA is synthesized by 
fibroblasts, as well as smooth muscle, vascular 
epithelium and endothelial cells (18).  
 
Experiments with cultured cells  
Human A431 epidermoid skin cells were used in all 
experiments. This cell line has previously been 
shown to metabolize ethanol (27). A431 cells were 
obtained from the Wistar Institute (Philadelphia, 
PA, USA). Mouse skin fibroblasts in primary 
culture were cultured in the same conditions. The 

cells were centrifuged at 1,200 rpm for 10 min, and 
the keratinocytes pellet was resuspended in medium 
for human keratinocytes containing 1 ml of N-2-
hydroxyethylpiperazine-N-2-ethanesulfonic acid 
with growth factors (insulin 5 µg/ml, 
hydrocortisone 0.5 µg/ml, transferin 5 µg/ml, 
triiodo thyronine sodium salt 2 x 10-11 M and 
sodium selenite 10-8 M), 100 µl of epidermal cell 
growth factor, 2 µl of cholera toxin, penicillin at 
100 U/ml, streptomycin at 10 µg/ml, and 0.16 mM 
Ca2+.    
 
Experimental design    
For each experiment, cells were seeded in 
microplates (1 x 106 cells/mL). At the end of the 
incubation period, the medium was transferred onto 
96-well trays (100 µl per sample) for cytokine 
determination. The A431 epidermoid skin cells 
were grown in α-MEM supplemented with 10% 
(vol./vol.) heat-inactivated fetal bovine serum, 1% 
nonessential amino acids, 1% glutamine, penicillin 
at 100 U/ml and streptomycin at 10 µg/ml. Cells 
were maintained in serial culture in a humidified 
atmosphere of 95% oxygen and 5% carbon dioxide 
at 37°C. The pH of the medium was constantly 
monitored and maintained at 7.4. 

Control cells were exposed only to plain 
medium for 24 h. Other cells were treated with 
ethanol (100 mM) for 24 h, or, for chronic 
experiments, with two consecutive doses of ethanol 
(100 mM) for two consecutive periods of 24 h, in 
the presence or in the absence of HA. All 
components were filter sterilized, and the entire 
procedure was conducted under aseptic conditions. 

The viability of cells was measured using the 3-
(4,5-dimethylthiazol-2-yl) 2,5 diophenyl-
tetrazolium bromide (MTT) assay as previously 
described (27). Also, we measured apoptosis in a 
parallel set of cells.   
 
Drugs and chemicals    
Ethanol was purchased from Alcohol Ltd. (Toronto, 
Ontario, Canada). α-MEM and calcium chloride 
were purchased from Gibco (Burlington, Ontario, 
Canada). Bovine standard albumin, MTT, and all 
other chemicals were obtained from Sigma Co. (St. 
Louis, MO, USA).  
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TGF-β, TNF-α, IFN-, ILs, metalloproteinases 
measurements    
We used Cytoscreen Immunoassay kits to measure 
mouse ILs, MMPs, IFN-, TGF-β and TNF-α (In 
Vitrogen-Biosource International Camarillo, CA, 
USA). The cytokine mouse kit is based on a solid 
phase sandwich Enzyme-Linked-Immuno-Sorbent 
Assay (ELISA). A monoclonal antibody specific for 
each mouse cytokine has been coated onto the wells 
of the microtiter plate. For samples, including 
standards of known cytokine content, control and 
specimens undergoing the first incubation, the 
mouse antigen binds to the immobilized antibody 
on one site. After washing, a biotinylated 
monoclonal antibody specific for the mouse 
cytokine is added. During the second incubation, 
this antibody binds to the immobilized antibody that 
was captured during the first incubation. 
For human measurements of IFN-, TGF-β and 
TNF-α, we used Cytoscreen Immunoassay kits, (In 
Vitrogen-Biosource International, Camarillo, CA, 
USA). To assay human MMPs and ILs, we used the 
following kits: IL-1β, IL-6, (eBioscience, San 
Diego, CA), MMP-3, TIMP-1 and TIMP-2 (R&D 
System, Minneapolis, USA) and the apoptosis kit 
(Bender, MedSystem, Austria). Procedures for 
quantification of these factors were performed 
according to the manufacturers’ protocols using 
standard curves obtained from purified recombinant 
standards. Each sample was analyzed in duplicates 
and monitored. We used ELISA for the quantitative 
determination of cytokines in cell culture medium 
as previously described (27). The correlation 
coefficients were linear (r = 0.989 for human and r 
= 0.975 for mouse) in a concentration range 
between 2 pg/ml and 500 pg/ml for TNF- and (r = 
0.980 for human and r = 0.960 for mouse) for IFN-
. All other cytokines have been in a concentration 
range between 10 pg/ml and 300 pg/ml. 
 
Cytotoxicity assay    
Cytotoxicity was assayed using the MTT assay, 
which is based on the conversion of the yellow 
tetrazolium bromide MTT to the purple formazan 
derivative, by the mitochondrial enzyme succinate 
dehydrogenase in viable cells (27,28,30). The cells 
were washed with 0.2 mL PBS and assayed for 
cytotoxicity in the same tray. For the treated cells, 
toxicity was expressed as a percentage (where 
toxicity in control cells was considered to be 0%). 
All determinations were carried out in each plate in 

sextuplicates, and five plates were used in each 
experiment. 
 
Measurement of apoptosis 
The A431 cells underwent lysis and were exposed 
to the detector antibody for cell lysate. After 1 h at 
room temperature, the cells were washed and 
incubated for another 30 min with SA-HRP 
(horseradish peroxidase) conjugate. The 
chromogene reaction was stopped, and the 
absorbance was read using a spectrophotometer 
plate reader with dual wavelengths of 450 nm and 
595 nm. The intensity of the yellow color was 
proportional to the number of nucleosomes in the 
sample. For each treatment, six wells per plate in 
five different plates were quantitated. The results 
were reported as percent apoptosis versus control, 
with non-treated cells taken as 0% apoptosis. The 
standard curve was composed of six replicates from 
each plate. The sensitivity of the assay was 
determined by assaying non-treated cells at time 
zero. The results are given by calculating the mean 
signal and standard deviation (SD). The assay was 
able to distinguish 0.3% from zero. 
 
Data collection and statistical analysis  
The Maxline Microplate Reader (Molecular Device 
Corporation, Menlo Park, CA, USA) was used to 
perform the MTT assay and to determine the release 
of cytokines into medium. It was connected to a 
computer using SOFT MAX software 2.3 for 
Windows (Molecular Device Corporation, Menlo 
Park, CA, USA), enabling the programming of the 
template, according to specific experimental needs 
for each of the end points. 

Results are expressed as mean  SD. A P value 
of less than 0.05 was considered significant. A 
paired Student t-test was used to compare means 
between groups. Differences between groups were 
analyzed using an unpaired t-test assuming unequal 
variance. One-way ANOVA was used to calculate 
differences between two consecutive similar 
treatments within the group. All statistical analyses 
were performed with the software package SPSS 
12.0. 
 
RESULTS 
 
Cytotoxicity  
Exposure to 100 mM ethanol for 24 h resulted in 
higher cytotoxicity (p<0.001) than the to control 
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treatment, with 24%  7.2% cytotoxicity for mouse 
fibroblasts and 18%  2.5% cytotoxicity for human 
A431 cells. The cytotoxicity of two consecutive 24 
h each treatments with 100 mM ethanol for was 
also significantly higher (p<0.05) than the 
cytotoxicity produced by one exposure to 100 mM 
ethanol for 24 h, with 30%  2% cytotoxicity for 
mouse fibroblast and 26%  1.2% cytotoxicity for 
human A431 cells. In mouse fibroblasts, the 
presence of HA 4% resulted in a reduced toxicity 
when compared with the treatment of cells with 
ethanol alone (p<0.001) in both acute 14%  4% 
and chronic exposure 20%  2%. In A431 cells, the 
presence of HA 4% resulted in a reduced toxicity 
when compared with the treatment of cells with 
ethanol alone (p<0.001) in both acute 8%  2% and 
chronic exposure 18%  2%. 

In Figure 1 we present graphically cytotoxicity 
to ethanol (Et-OH) in A431 epidermoid skin cells 
(white with a dash pattern) and mouse fibroblasts 
(solid black), as well as, the efficacy of HA 
preparation in reducing the cell toxicity. Cells were 
plated in 96-well microplates and grown until a cell 
density of 1 x 106 cells per milliliter was reached. A 
first set of cells was treated for a 24 hour period 
with either plain media (control cells), or ethanol 
(100 mM), or ethanol (100 mM) + 2% HA, or 
ethanol (100 mM) + 4% HA. A second set of cells 
was exposed for 2 consecutive periods of 24 hours 

to the same treatment. After the first 24 hours the 
media was removed from the wells and new media 
was added as follows: plain media (control cells), or 
ethanol (100 mM), or ethanol (100 mM) + 2% HA, 
or ethanol (100 mM) + 4% HA. Cytotoxicity was 
measured using the MTT assay. Cytotoxicity is 
expressed as a percentage mean  SD, with control 
toxicity considered 0%. *P<0.05 increase in 
toxicity vs. 24 h treatment with 100 mM ethanol; ** 
P<0.05 increase in toxicity vs. 24 h treatment with 
100 mM ethanol. 
 
Cytokine release  
The concentrations of cytokines released from 
mouse fibroblasts and A431 cells into the culture 
medium after 24 h or after two consecutive 
exposures to ethanol in the presence or absence of 
HA are presented in Table 1 for TNF-α and in 
Table 2 for IFN-α. The concentrations of TNF-α 
and IFN-α in the medium of cells treated with 100 
mM ethanol for 24 h were significantly different 
from those of control cells. HA at 4% was able to 
significantly lower the production of TNF-α in the 
100 mM ethanol treatment for both cell lines. Low 
doses of HA cause significant elevations in IFN-α 
levels in A431 cells treated with 100 mM and 
significant decreases in IFN-α levels in mouse 
fibroblasts treated with 100 mM ethanol.
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Figure 1 Hyaluronic acid reduces ethanol (Et-OH)-induced cytotoxicity in A431 epidermoid skin cells (white with a dash 
pattern) and mouse fibroblasts (solid black) 
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At 70%-80% confluence, cells were incubated for 
24 hours with ethanol (100 mM) in the presence or 
absence of HA (2% or 4%). After 24 hours of 
exposure, the experiment was stopped for one set of 
cells (control 24 hours; treated with100 mM ethanol 
for24 hours in the presence or absence of HA). 

The supernatant containing the products 
released during the 24 hours period was collected 
and stored at -800 C. The aliquots of the supernatant 
were checked for TNF-α released by cells into 
media. A second set of cells has been exposed for 
an extra 24 hours to an additional dose of ethanol 
(100 mM) in the presence or absence of an 
additional HA (2% or 4%). Control cells were 
exposed to plain media only. The media was 
changed with new, fresh plain media after the first 
24 hours TNF-α release into media was measured in 
five different trays in triplicate and is reported as 
picograms per milliliter (pg/mL). Cytoscreen 

Immunoassay Kits for mouse and human TNF-α 
were used for the quantitative determination in cell 
culture medium. The results are shown as mean  

SD *P<0.05 increased vs. control; **P<0.05 
decreased vs. ethanol treatment for 24 h at the 
corresponding dose. 

At 70%-80% confluence, cells were incubated 
for 24 hours with ethanol (100 mM) in the presence 
or absence of HA (2% or 4%). Control cells were 
exposed to plain media only. After 24 hours of 
exposure, the experiment was stopped for one set of 
cells and the supernatant was checked for cytokine 
release. A second set of cells has been exposed for 
an additional day to fresh plain media (control), or 
ethanol (100 mM) in the presence or absence of HA 
(2% or 4%).  IFN-α (pg/mL) release into medium 
was measured in five different trays in triplicate. 
Cytoscreen Immunoassay Kits for mouse and 
human IFN-α were used for the quantitative 
determination. The results are shown as mean  SD 
*P<0.05 increased vs. control; **P<0.05 decreased 
vs. ethanol treatment for 24 h; ***P<0.05 increased 
vs. ethanol treatment for 24 h. 

 
 

Table 1. TNF-α release into culture media by mouse fibroblasts and human A431 epidermoid skin 
cells exposed to 100 mM ethanol for either 24 hours or 2 consecutive courses of 24 hours in the 
presence or in the absence of HA. 
Treatment Mouse Fibroblasts  A431 Cells 
Control (24 hours) 12.8  0.8 15.8  0.8 
Control (2 x 24 hours) 12.0  1.5 14.0  1.5 
100 mM ethanol (24 hours) 26.6  2.0* 38.6  1.2* 
100 mM ethanol (2 x 24 hours) 30.0  0.4* 40.2  0.2* 
2 % HA + 100 mM ethanol (24 hours) 24.0  1.0 20.6  1.0** 
4% HA +100 mM ethanol (24 hours) 18.0  2.0** 16.0  1.2** 
2% HA + 100 mM ethanol (2 x 24 hours) 22.6  2.0* 24.5  1.2* 
4% HA + 100 mM ethanol (2 x 24 hours) 16.0  2.0** 18.6  1.2** 

 
 
 

Table 2. IFN- release into culture media by mouse fibroblasts and human A431 epidermoid skin cells 
exposed to 100 mM ethanol for either 24 hours or 2 consecutive courses of 24 hours in the presence or in 
the absence of HA 
Treatment Mouse Fibroblasts  A431 Cells 
Control (24 hours) 22.5  0.5 25.0  0.5 
Control (2 x 24 hours) 22.0  1.5 24.0  1.5 
100 mM ethanol (24 hours) 30.0  2.0* 32.0  4.0* 
100 mM ethanol (2 x 24 hours) 34.0  0.4* 36.2  0.2* 
2 % HA + 100 mM ethanol (24 hours) 22.0  2.0** 40.0  1.0*** 
4% HA +100 mM ethanol (24 hours) 18.0  2.0** 42.0  1.2*** 
2% HA + 100 mM ethanol (2 x 24 hours) 22.6  2.0* 24.5  1.2* 
4% HA + 100 mM ethanol (2 x 24 hours) 16.0  2.0** 18.6  1.2** 
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The release of IL-1β and IL-6 after a one dose 
exposure to 100 mM ethanol (A431: IL-1β 21.2  
2.5 pg/mL; IL-6: 21.6  1.5 pg/mL; mouse: IL-1β 
16.2  2.0 pg/mL; IL-6: 18.5  1.5 pg/mL) was 
significantly different (p<0.05) from the control or 
from two consecutive 24 h exposures to 100 mM 
ethanol (A 431: IL-1β 28.5  2.5 pg/mL and IL-6 
24.8  0.5 pg/mL; IL-1β 26.5  1.5 pg/mL and IL-6 
20.0  0.5 pg/mL). HA addition did not change 
significantly the release of the tested ILs in media. 
Also, there were no significant differences between 
the types of cells. 

TGF-β values increase significantly after 
exposure to ethanol in both mouse fibroblasts and 
A431 cells, compare to control. However, these 
levels were not changed significantly after HA 
exposure (Table 3). The levels of MMP-1 and 
TIMP-1 in media did not show significant changes 
during the treatment with ethanol or with HA. 

At 70%-80% confluence, cells were incubated 
for 24 hours with ethanol (100 mM) in the presence 
or absence of HA (2% or 4%). Control cells were 
exposed to plain media only. After 24 hours of 
exposure, the experiment was stopped for one set of 
cells and the supernatant was checked for TGF-β 
release into culture media. A second set of cells has 
been exposed for an additional day to fresh plain 
media (control), ethanol (100 mM) in the presence 
or absence of HA (2% or 4%).  TGF-β (ng/mL) 
release into medium was measured in five different 
trays in triplicate. Cytoscreen Immunoassay Kits for 
mouse and human TGF-β were used for the 
quantitative determination of TGF-β in cell culture 
medium. The results are shown as mean  SD 
*P<0.05 increased vs. control; **P<0.05 decreased 

vs. ethanol treatment for 24 h; #P<0.05 increased 
vs. ethanol treatment for 24 h. 

 
Apoptosis 
We measured the ethanol-induced increase in the 
percentage of apoptotic A431 cells (Figure 2). 
Treatment with 100 mM ethanol resulted in a 16% 
increase in apoptosis over control (p<0.001). After 
two consecutive 24 h treatments with 100 mM 
ethanol, there was a 24% apoptosis. The level of 
apoptosis was significantly increased compared to 
control (p< 0.001) and compared to cells that had 
received only one 24 h treatment with 100 mM 
ethanol (p<0.05). Exposure to 2% HA did not 
change significantly the percentage of apoptotic 
cells in 24 h treated cells or in two consecutive 24 h 
treatments. However the percentage of apoptotic 
cells was significantly reduced in cells treated 
concomitantly with ethanol and HA 4% treated 
(p<0.05) compared to cells not exposed to HA 
(Figure 2). Figure 2 and Figure 3 - Cells were 
plated in 96-well microplates and grown until a cell 
density of 1 x 106 cells/mL was reached. Cells were 
treated for a 24 hour period with either ethanol (100 
mM), or with ethanol (100 mM) + 2% HA, or with 
ethanol (100 mM) + 4% HA. A second set of cells 
was exposed for 2 consecutive 24 hours to the same 
treatment. Apoptosis was measured using the M30 
assay. Apoptosis is expressed as a percentage mean 
 SD, with control toxicity considered 0%. *P<0.05 
increase in toxicity vs. 24 h treatment with 100 mM 
ethanol; ** P<0.05 increase in toxicity vs. 24 h 
treatment with 100 mM ethanol. 

 
 

 
Table 3. TGF-β release into culture media by mouse fibroblasts and human A431 epidermoid skin cells 
exposed to 100 mM ethanol for either 24 hours or 2 consecutive courses of 24 hours in the presence or in 
the absence of HA 
Treatment Mouse Fibroblasts  A431 Cells 
Control (24 hours)  5.8  0.8  6.8  1.8 
Control (2 x 24 hours)  5.0  1.5  6.0  1.5 
100 mM ethanol (24 hours)  6.6  2.0  8.6  1.2 
100 mM ethanol (2 x 24 hours) 16.0  0.4*# 20.2  1.2*# 
2 % HA + 100 mM ethanol (24 hours)  7.0  1.0 10.6  1.0 
4% HA +100 mM ethanol (24 hours)  7.5  1.0 12.6  1.0* 
2% HA + 100 mM ethanol (2 x 24 hours)  6.6  2.0** 12.5  1.2** 
4% HA + 100 mM ethanol (2 x 24 hours) 12.0  2.0** 18.6  0.2** 
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Figure 2. Ethanol (Et) induced apoptosis in A431 - One-dose/24 hours is represented in the dashed-columns. Two 
treatments for 2 consecutive 24 hours period are shown in solid-black columns.  
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Figure 3. Ethanol-induced apoptosis in myofibroblasts - Apoptosis in myofibroblast treated 1-dose/24 hours is shown in 
the black box. The red dashed box represent the apoptosis in the culture treated 2 doses during two periods of 24 hours. 
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DISCUSSION 
 
We hypothesized that exposure to even low, 
physiological doses of ethanol, would cause 
damage in A431 epidermoid skin cells and mouse 
fibroblasts in vitro. We found that over a 24 h 
period, a 100 mM concentration of ethanol caused 
higher cytotoxicity, compared to the control cells. 
This was also shown in a previous work, which 
describes dose-response toxicity associated with 50 
mM and 100 mM ethanol over 24 h exposure (29). 
Also, it is important to notice the difference in the 
percentages of apoptosis and cytotoxicity, which 
represents the percentage of cells that died by 
necrosis. 

In the current study, we focused on the role of 
the pro-inflammatory cytokines TNF-α and IFN-α 
in ethanol-induced chronic skin cell toxicity. In 
addition, we studied changes in MMPs and TGF-β 
in these models. Two cytokines, TNF-α and IFN-α, 
strongly influence inflammation and apoptotic 
processes (30). TNF-α is an inflammatory 
cytokines; among other functions, it triggers the 
production of additional cytokines. Together, these 
cytokines attract inflammatory cells to the organ, 
destroy cells, and/or initiate a healing response that 
includes the formation of scar tissue. Thus, a 
vicious cycle would be established in the cells: 
TNF-α promotes reactive oxygen species 
production, reactive oxygen species production 
activates NF-κB, and NF-κB leads to enhanced 
production of additional TNF-α and its receptor, as 
well as to the production of apoptosis-promoting 
factors (31). IFN-α may reduce scar formation. This 
cytokine decreases the proliferation rate of 
fibroblasts and reduces the rate of collagen 
synthesis (33). On the basis of results presented in 
this study, the main cytokine implicated in skin cell 
damage by ethanol seems to be TNF-. Both mouse 
fibroblasts and human A431 epidermoid skin cells 
released greater amounts of TNF- upon exposure 
to ethanol, even at the lower concentration of 50 
mM ethanol. The presence of this cytokine in the 
media was previously shown to produce by itself 
both apoptosis and necrosis in skin cells (27,32). 

TNF- has many immunomodulatory effects, 
and it can trigger apoptosis by binding to the TNF-
 receptor on cell surface (31). We observed that 
treatment with ethanol was associated with an 
increase in apoptosis, compared to findings for 
control. In A431 cells exposed to low doses of HA, 

the levels of IFN-α increased significantly. This 
may be one of the explanations for better survival 
of these cells versus the cells treated with ethanol 
only. 

Differences between cell lines were not only 
observed in their response to ethanol, but also in the 
amount of cytokines produced upon exposure to 
ethanol. Both human A431 cells and mouse 
fibroblasts were able to metabolize ethanol and 
were useful in modeling the skin’s response to 
ethanol exposure. Low concentration of HA (2% 
and 4%) signal for repair in skin cells. 

Ethanol-induced skin toxicity is a complex 
process that probably involves alterations in 
cytokine production, enhancement of the cytotoxic 
actions of certain cytokines, and changes in the 
apoptotic activity, leading to ultrastructural changes 
of skin cells. The present work demonstrates that 
TNF- plays an important role in ethanol-induced 
toxicity in our models. HA in lower concentrations 
may signal for anti-apoptotic events in skin cells. 
Also, IFN-α levels are modulated by HA at low 
concentrations. HA’s wound healing and anti-
inflammatory benefits are supported by in vivo and 
in vitro studies throughout the literature. 
Matsumoto et al. (34) report that spongy sheets 
treated with HA and arginine appeared to cause a 
decrease in the size of wounds inflicted by either 
surgery or burning to the abdomen of male rats. 
Parker et al. (35) showed that HA and basic 
fibroblast growth factor-2 significantly reduces 
inflammation, preventing airway blockage in 
rabbits. Also, Iwata et al. (36) show that CD19, a 
response regulator of B-lymphocytes, regulates 
wound healing through HA-induced toll-like 
receptor (TLR)-4 signaling. Efforts are made to 
speed the repair of the injured tissue, a process that 
would naturally be slow (37). Injections with HA 
have been used to increases the viscosity of 
synovial fluid, thus absorbing shocks and limiting 
further damage to the cartilage (38). HA also 
stimulates proliferation of fibroblasts (39). Fibrins 
have excellent binding to HA, thus HA scaffolds 
can be used to bring these cells to the injury site, 
hold them in place, and enhance their growth and 
proliferation (40) without increasing the HA 
concentration (41). Furthermore, an HA hydrogel 
would allow for the insertion of molecules that 
would degrade it in time, when the cartilage would 
already have been built (42). HA is one of the main 
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components used to create skin substitutes, and the 
HA-based scaffolds used to prepare these products 
are often preferred over artificial scaffolds. HA is 
used in wound healing, ophthalmology and joint 
surgery, and also as dermal filler (9). Wound 
healing is a complex process involving interactions 
among a variety of different cell types. The normal 
wound repair process consists of three phases 
(inflammation, proliferation and remodeling) that 
occur in a predictable series of cellular and 
biochemical events. Growth factors have the 
potential to heal wounds by stimulating 
angiogenesis and cellular proliferation, affecting the 
production and the degradation of the extracellular 
matrix (43). The involvement of alcohol in skin 
injury was shown to be a dynamic process (27). 
Glycosaminoglycans inhibit lysosomal cathepsin 
activities in a model of skin fibroblasts submitted to 
oxidative stress (44). 

HA formulations can be used to improve the 
quality of life of burn victims, rather than just 
improve the survival rate of these patients (9). 
Several animal models mimic dermal neo-
vascularization of skin cells. Oligosaccharides of 
HA are capable of stimulating neo-vascularization 
in vitro and promoting blood flow or angiogenesis 
in animal models (45). A complex made up of 
oligosaccharides of HA was used to promote the 
repair of tissue injury of a murine excision dermal 
wound (24). Following from these findings, Namazi 
et al. (24) describe a slow release formulation that 
allows a slow absorption of the material by the 
surrounding tissue. In fact, this slow-release low-
molecular weight HA formulation showed superior 
wound healing potential over control and high-
molecular weight HA formulation by day 6 and day 
8. Aside from the increased neo-blood and lymph 
vessels formed in wounded tissues treated by 
oligosaccharides of HA, treatments of wounds with 
this formulation resulted in more granulation, 
collagen deposition and fibroblast proliferation 
(24). Significant up-regulation of some cytokines 
(i.e. IL-β3) or adhesion molecules in 
oligosaccharides of HA-treated wounds, 
corresponding with increased granulation tissue in 
these wounds, was observed. These findings 
suggested that therapy with oligosaccharides of HA 
might be useful in acute wound repair (45). 

Aditional stimulation of epidermal calcium 
gradient loss was demonstrated to increase the 
expression of hyaluronan and its receptor CD44 in 

mouse skin (46). Ariel et al. (47) postulated that 
induction of interactions between CD44 and HA by 
a short exposure of human T cells to diverse pro-
inflammatory mediators is part of wound healing. 
Other scientists argue that hyaluronan is an immune 
regulator in human diseases (48). Also, HA was 
found to down-regulate the expression of IL-1β, 
TNF-α and MMP-3, and to up-regulate the 
expression of the anti-inflammatory cytokine IL-10 
and that of TIMP-1 and MMP-2 in fibroblast-like 
synoviocytes collected from osteoarthritis patients 
with tibia plateau fracture (49). Overall, HA can 
promote the expression of both anti-inflammatory 
and structure-protective factors in fibroblast-like 
synoviocytes of patients with tibia plateau fracture 
(49).  

We demonstrated in the present work that HA 
regulates cytokines and chemokines, which in turn 
influence inflammatory cell recruitment and 
chemotaxis. The actions of HA are dependent on its 
interacting with different types of cells. HA binds to 
an array of proteins to elicit its biological roles. The 
recent demonstration of HA-TLR interactions 
provides molecular insight into the mechanisms of 
HA signaling in inflammatory cells, as well as in 
epidermoid and fibroblast cells.  
 
CONCLUSION 
 
Hyaluronan regulates cytokines and other 
inflammatory substances and influences 
inflammatory cell recruitment and chemotaxis. In 
the present in vitro work in human A431 
epidermoid skin cells and in mouse fibroblasts, we 
showed that ethanol-induced damage and HA-
induced repair are both controlled by TNF-α. 
Moreover, we presented the possibility of using HA 
as an immunomodulatory agent in in vitro models. 
Cytotoxicity due to ethanol exposure is frequency-
dependent. HA was shown to be protective. The 
cumulative interpretation of these data is that the 
pro-inflammatory and cytotoxic role of ethanol as 
well as the role of cytokines in regulating cell-HA 
interactions depends on the cell type. 

Alcohol-induced damage to skin in vitro helps 
in the understanding of the role of TNF-α 
production in skin apoptosis. Our study includes 
cell surface receptor, extracellular matrix and 
cytoskeletal players mediating cell adhesion, 
migration, motility and morphogenesis, and 
cytokines controlling cell differentiation, 
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development, growth and proliferation. In this 
model, HA protects the cells from membrane 
disruption, reduces levels of the pro-inflammatory 
cytokine TNF-α, and inhibits apoptosis by 
enhancing membrane stability to promote cell 
survival. We suggest the existence of molecular 
links between HA and the regulation of apoptosis. 
From the present work, we conclude that possible 
repair of ethanol-induced skin damage by HA 
therapy may also have beneficial effects on acute 
wounds in a clinical setting.  
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