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Comparison of different wound
dressings on cultured human
fibroblasts and collagen lattices

s Objective: VWWe compared the effects on cultured human fibroblasts of a new non-adhesive wound
dressing, Urgotul, with five other wound dressings. Urgotul is a hydrocolloid dressing; the comparator
dressings included impregnated gauze and modern wound dressings.

¢ Method: Cultures in monolayer were used to study the morphology and growth of fibroblasts.

The Bell model of cultured dermis equivalents was used to investigate myofibroblast differentiation.
These cultures were labelled a-SM actin and F-actin.

e Results: Two of the tested dressings induced cytotoxic effects. They were found to inhibit cell growth
(greater than 60%) and to disturb cell shape and cytoskeletal differentiation. Urgotul and the remaining

three dressings showed no effect on proliferation. However, some of them modified fibroblast

morphology and affected F-actin distribution.

¢ Conclusion: Depending on their nature and components, wound dressings may respect or

affect fibroblast behaviour in vitro (proliferation, morphology and a-SM actin and F-actin distribution).
The significance of these in vitro observed findings require further investigations.

» Declaration of interest: This study was supported by Urgo Laboratories.
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he cellular phases (granulation, re-epithe-
lialisation and dermal remodelling) of the
healing process involve many cell types.
Fibroblasts and myofibroblasts are the
key cells in granulation tissue formation
and wound contraction.”? Myofibroblasts are
modified fibroblasts, and are rich in actin filaments,
particularly alpha-smooth muscle actin (a-SM actin)
and filamentous actin (F-actin).**

F-actin plays an active role in:

» Cell locomotion

» Generation of muscular force

e Maintenance of cell structure

e Cytoplasmic response to external stimuli.>®

Alpha-SM actin is an actin isoform present in
the contractile filaments of smooth muscle cells.
It is observed in fibroblasts, depending on the
conditions of the culture.”

The environment in which fibroblasts grow can
affect the rate and quality of healing. This environ-
ment can be affected, in turn, by the dressing used.
However, the choice of dressing is often governed
by habit, availability or financial considerations
rather than by solid science.”

Wound contact materials should not release any
agent that can be toxic or have adverse effects on
the healing process. Independent clinical trials have
assessed dressings for their ease of application and
removal, and wound appearance.'”'' A useful tech-
nique for detecting the presence of toxic materials is
cell culture.'" In vitro assays have been found to be
more rapid and sensitive than in vivo tests,'**' and

various culture systems have been tried."”**%* Cells
are exposed either to the dressing itself or to an
extract containing its key components.

In the UK tests are carried out according to the
British Standard 5736.* This involves soaking
the dressing in a specified culture medium and
then testing the extract on a monolayer culture of
transformed cells. Rosdy et al. exposed samples
of dressings and their respective extraction medium
to normal human keratinocytes in culture.* Sieber
et al. used the Bell model of cultured composite skin
equivalents to assess the effect of contact with
wound dressing materials.” Van Luyn et al. added
transformed fibroblasts to methylcellulose gels and
counted the number of cells that migrated from the
gels to the base of the culture vessel.®

Urgotul is a new concept, known as lipidocolloid
technology, and has been developed and produced
by Urgo Laboratories (Dijon, France). It is licensed
for use in England, Germany, Switzerland, Italy and
Spain. It is a hydrocolloid dressing consisting of a
100% polyester net impregnated with hydrocolloid
particles dispersed in a petroleum jelly matrix. It is
indicated for:

e Local treatment of acute and chronic wounds
e Superficial burns

e Abrasions

e Traumatic wounds

e Pressure and leg ulcers.”

We compared Urgotul with five other commer-
cially available non-adhesive wound dressings
ranging from impregnated gauze to modern wound

JOURNAL OF WOUND CARE VOL 12, NO 10, NOVEMBER 2003

C.Viennet, Engineer;

J. Bride, PhD,
Researcher;

A.C. Gabiot, Technician;
P. Humbert, PhD, MD,
Professor in
Dermatology:

all at the Engineering and
Cutaneous Biology
Laboratory, Schoal of
Medicine and Pharmacy,
Besancgon, France.

Email: philippe.humbert@
univ-fcomte.fr



S

research

Table 1. Names and composition of the tested dressings

Dressing Manufacturer Composition

Urgotul Urgo Laboratories, Polyester net, carboxymethyl
France cellulose, vaseline (lipidocolloid)

Adaptic Johnson and Johnson, US Viscose net, vaseline, water

Tulle Gras Lumiere

Solvay Pharma, France

Viscose net, Peru Balsam, vaseline

Mepitel Molnlycke, Sweden Polyamide net, silicone

laluset Genévrier Laboratories, Cotton net, hyaluronic acid,
France polyethylene glycol, glycerol, water

Physiotulle Coloplast AS, Polyester net, carboxymethyl,
Denmark cellulose, vaseline

dressings®®** (Table 1). Two in vitro culture systems
were used to detect possible cytotoxic effects on
human dermal fibroblasts:
e Cultures in monolayer were used to study the
morphology and growth of fibroblasts
e To characterise effects on cell phenotype, fibro-
blasts were seeded within collagen gels and labelled
for a-SM actin and F-actin. These actin isoforms are
markers of myofibroblast differentiation.

Cells were exposed to the dressing or an extract.

Materials and method

Fibroblast cultures

Fibroblasts were obtained from explants of normal
dermis from three healthy volunteers (aged 12, 32
and 51 years). Cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented
with 10% foetal calf serum (FCS) and 1% genta-
micin (10mg/ml) (Gibco). They were grown for
several weeks in plastic flasks in a moist atmosphere
of 5% carbon dioxide and 95% air at 37°C, Conflu-
ent monolayers were propagated by trypsination
(trypsin-EDTA 1X solution, Gibco) and replated at
a 1:2 dilution. Fibroblasts from subculture 2-5
were used.

Tense collagen lattice fabrication
Fibroblasts were embedded in three-dimensional
hydrated collagen gels using a modified version
of the technique developed by Bell et al.*® Tense
collagen lattices were made by mixing:
e Six volumes of a 1.76X concentrated medium
(containing gentamicin, 0.1N NaOH and NaHCO,)
® Three volumes of rat tail type I collagen solution
(2mg/ml) in 0.1% acetic acid (Jacques Boy, France)
e One volume of fibroblast suspension (8.10°
cells/ml).

This mixture was poured into plastic Petri dishes
(60mm diameter), at the bottom of which was
placed a ring made of sterilised nylon filtration

mesh (Scrynel NY150HC, Polylabo).”** The nylon
ring forms an attachment area for fibroblasts. The
gel polymerised in less than 10 minutes at 37°C.
Culture medium was then added and changed
every 48 hours.

Dressing preparation

The five dressings used were provided in sterile
packaging. They were cut (6x6cm) under aseptic
conditions and placed directly on the culture.
Forceps were changed between each dressing to
prevent cross-contamination.

Extract preparation

Samples of each dressing measuring 6x6cm were
incubated in 12ml complete DMEM supplemented
with 1% dimethyl sulphoxide (DMSO) for 24 hours
at 37°C. This corresponds to an extraction ratio of
0.5 cm?/ml extractant. DMSO (1% v/v) has no effect
on cell growth and morphology. ™" The extracts did
not change the pH of the culture medium. They
were used immediately after incubation or stored
under refrigeration for later use.

Morphological examination of fibroblasts in
monolayers

Fibroblasts were plated in 5ml complete DMEM at
2.10° cells/dish in plastic Petri dishes (60mm dia-
meter) on glass coverslips. The dishes were
incubated at 37°C for four days. After this period,
each dressing or Sml of each extract was deposited
on the fibroblasts. Cells without dressings or
extracts were used as the controls.

After one and three days’ exposure to fibroblasts,
the coverslips were removed, washed twice
with phosphate buffered saline (PBS), fixed in 3%
paraformaldehyde, stained with haematoxylin and
examined by light microscopy.

Fibroblast proliferation in monolayers

Fibroblast proliferation in monolayers was assessed
using the 3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl-
tetrazolium bromide (MTT) dye-reduction assay.”
All cultures were set up in 10 wells.

Fibroblasts were placed in 96-well Microtiter
plates at a cell density of 5.10% cells per well in 50ul
of complete DMEM and incubated at 37°C for 48
hours. After incubation each dressing (0.2cm?) or
50pl of each extract was deposited on the fibro-
blasts. Cells without dressings or extracts were
used as controls.

After one and three days’ exposure to fibroblasts
the dressings were carefully removed with forceps,
extracts were aspirated and cells rinsed twice in
PBS. After this 15ul of MTT (5mg/ml) was added
to each well and the plates were incubated for
four hours at 37°C. The next stage involved
adding 100ul of extraction buffer (10% sodium p
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Fig |. Effect of dressing on fibroblast proliferation in monolayer
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Fig 2. Effect of extracts on fibroblast proliferation in monolayer
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| dodecyl sulphate/0.5M  dimethylformamide) to
each well, and the plates were incubated overnight
at 37°C. Absorbance of each well was assessed using
a Dynex spectrophotometer equipped with a
570nm filter. Statistical analysis was performed
using the Student’s t-test.

Fibroblast actin organisation in collagen lattice
Each dressing was placed on a four-day-old tense
collagen lattice. Lattices without dressings were
used as controls. After one and three days’ exposure
to a lattice, the dressings were carefully removed
with forceps. The lattices were washed twice with
PBS, fixed in 3% paraformaldehyde and perm-
eabilised with PBS plus 0.1% Triton X100.

® a-SM actin immunostaining Non-specific stain-
ing was blocked with bovine serum albumin (BSA)
3% plus 10% sheep serum. Endogenous peroxidases
were eliminated by 3% hydrogen peroxide. Free
aldehyde groups were blocked with 1% glycin.

The tense collagen lattices were first exposed
overnight at room temperature in a moist chamber
to mouse anti-u-SM actin monoclonal antibody
(diluted at 1:100 in PBS containing 1% BSA and 0.1%
Triton; Sigma, code A-2547, clone 1A4) and were
then washed with PBS and BSA. After this, they
were exposed for one hour at room temperature in a
moist chamber to goat anti-mouse IgG conjugated to
peroxidase polyclonal antibody (diluted at 1:150 in
PBS containing 1% BSA and 0.1% Triton; Sigma, code
A-2304) and finally rinsed in PBS.

Peroxidase visualisation was accomplished by
applying a solution containing 0.05% 3,3’ diamino-
benzidine and 0.015% hydrogen peroxide in dark-
ness for five minutes at room temperature. To stop
the reaction, preparations were washed twice with
water and mounted in glycerol on glass slides. The
brown colour intensity, indicative of the specific
actin reaction, was observed by light microscopy.
® F-actin fluorescence staining The collagen
lattices were exposed to fluorescein-tagged phal-
loidin (2.5ug/ml) for five minutes in darkness at
room temperature, followed by several rinses in
PBS. Phalloidin has been shown to bind tightly and
specifically to F-actin.* Stained preparations were
mounted in Vectashield (Biosys, France) on glass
slides and examined under fluorescence microscopy
(Olympus IX50).

Results

The three different cells lines of human fibroblasts
(from the three volunteers) behaved similarly when
in contact with the tested wound dressings. There-
fore, data are shown for one line only.

Proliferation assays

Data for all experiments were pooled and expressed
as a percentage of the control value. Fig 1 shows the
results for fibroblasts after one and three days of
contact with the dressings. Cell proliferation was
significantly reduced in monolayers covered with
Adaptic (day 1: 29.5% £10.5; day 3: 22.1% +8.3) and
Taluset (day 1: 34.5% £8.5; day 3: 29.8% +7.9).
Urgotul, tulle gras, Mepitel and Physiotulle had no
significant effect on cell growth.
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Fig 2 shows the results for fibroblasts after one
and three days of contact with the extracts. Again,
cell proliferation was significantly reduced in
monolayers treated with extracts of Adaptic (day
1: 32.5% +5.2; day 3: 31.1% +6.3) and Taluset (day 1:
40.5% +7.5; day 3: 38.8% +6.9), while it was signifi-
cantly similar to the controls in monolayers treated
with the other extracts.

Morphology

Differences in the morphology of fibroblasts
cultured with dressings were observed. Two of the
six dressings tested induced cell morphology
alterations. After one day most of the fibroblasts
in contact with Adaptic and Taluset retracted
pseudopodia and became multipolar. At day 3 they
appeared rounded in shape, which is indicative of
cell death. Pseudopodia is a process in which the
cytoplasm temporarily protrudes or retracts when
engaging in cell locomotion or food uptake.

Cells in contact with Urgotul, Mepitel and
Physiotulle had a bipolar and elongated morphol-
ogy comparable to that of the controls at day 1.
This configuration was maintained.

Fibroblasts cultured with Adaptic showed a
polygonal appearance at day 1. They then extended
pseudopodia and became elongated and bipolar
in shape at day 3.

Comparable results were obtained with the extracts.

Alpha-SM actin expression

After one day of contact with the dressings the
fibroblasts were strongly stained with anti-a-SM
actin, but showed differences in morphology.

With Urgotul, cells exhibited bipolar and
fusiform appearance at day 1, as did the controls,
and looked like myofibroblasts. This pattern did not
change for at least three days.

With tulle gras, the cells developed a stellate mor-
phology at days 1 and 3, which is less typical of
myofibroblasts.

With Mepitel and Physiotulle, cells were bipolar
at day 1. Two days later they were still bipolar or
only partially stellate.

With Adaptic and Taluset, after one day of contact
cells became progressively more rounded and after
two days had lost their «-SM actin content.

F-actin distribution

The control fibroblasts became bipolar, developed
prominent stress fibres and acquired the appearance
of myofibroblasts.” Stress fibres are cytoplasmic
actins involved in cellular location, maintenance of
structural integrity and contraction.

With Urgotul, fibroblasts exhibited numerous
long stress fibres which were located in parallel in
the cytoplasm and along cytoplasmic extensions at
days 1 and 3.

Box |. Glossary of terms

Stellate

Polygonal (round shape)

Multipolar

Many small peudopodia processes around the cells

Bipolar

Few pseudopodia processes located at opposite ends
of the elongated cells

Fusiform

Extremely elongated in shape

With tulle gras and Physiotulle, cells were stellate
and showed short stress fibres at days 1 and 3.

With Mepitel, F-actin distribution was similar to
that in tulle gras and Physiotulle at day 1, but two
days later this had changed. Some F-actin micro-
filaments were disrupted and appeared to be more
densely packed.

With Adaptic and laluset, the stress fibres had
disappeared by day 1, and no microfilament
bundles were visible at day 3.

Elongated fibroblasts (the precursor of the trans-
formation into myofibroblasts) possess long stress
tibres in bundles parallel to the long axis of the cell,
whereas stellate fibroblasts have short stress fibres
dispersed throughout the cytoplasm.

Discussion

The aim of this work was to study whether Urgotul
atfects the growth and proliferation of human
fibroblasts in vitro. Morphological and cytoskeletal
differentiations of these cells were also studied. We
chose as cellular models normal human fibroblasts
in culture.

Urgotul and its extract did not show any cyto-
toxic effects. Comparable results were obtained
with Adaptic, Mepitel and Physiotulle. No signifi-
cant modifications concerning the number of
cells and «-SM actin content were observed in
these four dressings.

There were, however, marked differences in cell
morphology and organisation of F-actin fibres. In
the control lattice, the granulation tissue cells, by
becoming bipolar and developing prominent stress
fibres, acquired the appearance of myofibroblasts.”
Urgotul did not modify the phenotype of fibro-
blasts. Cells displayed a spindle-shaped appearance
with long F-actin fibres. In contrast, exposure to
tulle gras caused most cells to become polygonal in
shape with short stress fibres. This phenotype is less
typical of myofibroblasts.
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