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A B S T R A C T

The present study aims to assess the influence of Aluminum-Gallium-Indium-Phosphide laser (AlGaInP laser,
λ=660 nm), whether or not in association with the application of a membrane of bacterial cellulose (Nexfill™),
during recovery from induced second-degree burns at the dorsum of Wistar rats. (Rattus norvegicus, Wistar).
Forty-eight animals have been distributed into four groups: Control (burns remained untreated), Group I (laser-
treated), Group II (treated with Nexfill), and Group III (laser + Nexfill™). In addition to a morphological ana-
lysis, immunohistochemical analysis has been performed for type I collagen, type III collagen, fibronectin, and
laminin. The Fisher's Test was used to assess differences among groups (p < 0,05). A larger amount of collagen
type III was observed in Control, Group II and Group III when compared with Group I (p < 0,05). Group I and
Group III have shown a greater collagen deposition when compared with Group II (p < 0,05), but the amount of
collagen was similar in Group I, Group III, and Control. Group III has shown larger fibronectin amounts in
comparison with Group II (p < 0,05). As regards laminin, Group I has shown a predominant discontinuity
pattern on the basal lamina in comparison with Control, Group II, and Group III (p < 0,05). It is concluded that
in this current study the laser when used alone (Group I) hasn't influenced collagen deposition neither has it
acted on fiber pattern (fibril and/or reticular). Moreover, laser application hasn't accelerated the repair of
wounds caused by inflicted second-degree burns.

1. Introduction

Burns are one of the commonest types of trauma facing human
beings [1] and, regardless of a worldwide decline in the death rate
arising from burns, associated non-fatal sequelae frequently tend to
lead to permanent impairments [2]. In such injuries, the clinical
treatment and repair process are dependent on the extent and depth of
the damage. In many cases, burns can immediately be treated by means
of autologous graft – which promptly leads to a permanent and sa-
tisfactory wound closure. However, in many situations this type of
treatment appears to be impossible or unlikely to succeed, for instance
in cases of infected or severely extensive wounds [3,4].

Therefore, temporary wound dressings are deemed necessary in
order to maintain the function of the wound, reduce infection, relieve
the pain and metabolic stress, in addition to providing blood supply and

protection against trauma [3,5,6]. In light of this fact, research into
wound dressings has advanced the production of a wide range of syn-
thetic and biological dressings for wound care and management [7].
Options readily available include the bacterial cellulose biomembrane,
a biosynthetic polymer that provides optimum conditions for epidermal
regeneration owing to its nanomorphological characteristics, protection
against infection and ability to hold water; in addition, it enables the
transfer of medicines into the wound [8–10].

The influence of laser on wound healing has recently motivated a
number of experimental studies - some of which drawing attention to
biostimulation and healing properties [11–15]. Laser therapy triggers
cellular processes and a response from the vascular system which ap-
pear to have a direct impact on tissue repair [16]. As a result, research
on the effects of photobiomodulators on burns has become increasingly
common [1,17–19] and fairly recently scholarly papers have addressed
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an associated use of laser and occlusive dressings [20,21]. Nonetheless,
substantial evidence is still lacking as regards the bacterial biocellulose
membrane in association with laser use in the healing of second-degree
burns.

Given the above considerations and also taking into account the
perceived advantages of bacterial cellulose membrane and laser use, it
is arguably valid to undertake research as to assess possible effects of a
combined use of both therapies for burn treatment, ensuring faster,
more efficient, and less painful healing with better functional and
cosmetic results.

2. Materials and Methods

2.1. Sample Selection

A total of forty-eight male, albino, young, healthy rats (Rattus nor-
vegicus, Wistar) aged two months and weighing 150 g–200 g were ran-
domly selected from the Laboratory Vivarium at Gonçalo Moniz
Research Center (FIOCRUZ, Bahia, Brazil). The animals were housed
individually at 22 °C under a light/dark cycle established as 12 h light
on, with ready access to Labina rat feed and water ad libitum. The rats
were distributed into four groups of 12 animals as follows: Control,
Group I (laser radiation), Group II (Nexfill™ bacterial cellulose mem-
brane), and Group III (laser radiation associated with the application of
Nexfill™ membrane).

2.2. Ethical Considerations

In order for this research to be conducted, prior approval was re-
ceived from the Committee for Experimentation and Animal Use
(CEUA) at Gonçalo Moniz Research Center (CPqGM-FIOCRUZ – BA),
under the Protocol 008/2007. Adherence to ethical principles was en-
sured for the performance of experimental use of animals as well as
their vivisection for academic-scientific purposes.

2.3. Induction of Standard Second-Degree Burn Injury

The animals were anesthetized with 75mg/kg Ketamine and 10mg/
kg Xylazine intraperitoneal injection. Next, an area measuring 2× 2 cm
was depilated at the dorsum of the animal so that antisepsis was per-
formed with polyvinylpyrrolidone-iodine solution. Infliction of burn
wounds has been performed in accordance with Meyer and Silva's
modified technique [22]. To this end, a brass bar with a cube-shaped tip
was pre-heated in boiling water for 1min and subsequently placed on
the skin of the animal for 0.5 s, and timed with a digital timer. Once the
surgery procedure completed, an oral dose of Sodium Dipyrone was
administered to each and every rat according to their weight. The
epidermis on the wound area was removed with a scalpel blade no. 15
as to expose the subcutaneous tissue. This was a necessary for the ap-
plication of the Nexfill™ cellulose membrane on the superficial dermis.

2.4. Laser Radiation Protocol

The animals allocated in Group I and Group III received radiation
from a red laser AlGaInP (λ=660 nm, 40mW, ø=4mm2, t=125 s)
with a SAEF (Spatial Average Energy Fluence) at 20 J/cm2 split into
four points of 5 J/cm2 each [19,23]. Controls were sham-irradiated.
Irradiation was performed immediately after the infliction of burns and
every 48 h until one day before the death of the animals, which oc-
curred 24 h, 3 days, 7 days, and 14 days later in a CO2 chamber. A
summary of the laser parameters used on the study is depicted on
Table 1.

2.5. Morphological and Immunohistochemical Analysis

Following death, the tissue fragments were removed from the

wound area, placed in formalin at 10% and routinely processed for
staining with hematoxylin-eosin, picrosirius for fibrosis and orcein
analysis of elastic fibers. Histological sections were morphologically
diagnosed in a candid fashion by an experienced pathologist by light
microscopy (Zeiss Axioskop) and the treated groups were compared to
the control group (no treatment). The inflammatory infiltrate was
classified as absent, predominantly polymorphonuclear, predominantly
mononuclear, or mixed. Inflammatory infiltration and edema (if pre-
sent), the presence of adipocytes in the dermis, and production of col-
lagen and elastic fibers were semi-quantitatively marked as absent (0),
mild (+), moderate (++) and strong (+++).

The deposition of the extracellular matrix was assessed by im-
munohistochemistry using a polymer system (AdvanceTM, Dako
Corporation) and antibodies directed against the following proteins:
collagen types I and III, fibronectin, and laminin (Table 2).

In order to undertake immunostaining animals dead at 24 h of the
experiment were excluded. Collagen I and III were analyzed in order to
calculate the percentage of wound covering, by taking into considera-
tion only the papillary dermis (score 0: 0–10% coverage; score 1:
11–30%; score 2: 31–60% and score 3:> 60%) and the fiber pattern
(reticular, fibril, or mixed). The fibers were regarded as reticular when
they appeared to be only partially stained, and fibril when stained in its
entirety.

For fibronectin protein, the analysis was performed by using the
following criteria: presence of protein underlying the epithelial base-
ment membrane and distribution in the papillary dermis in the focal
and dispersed patterns; percentage of wound covering (score 1: up to
30%, score 2: 31 to 60%, and score 3:> 60% of coverage) and pattern
of the fibers (reticular, fibril, or mixed). For this protein, the animals
were also considered for three days.

Analysis of laminin was made according to its location in the sub-
epithelial basement membrane or vascular basement membrane.
Criteria for both stainings: percentage for staining (≤50% and >
50%), continuity (continuous and discontinuous), and thickness (thin,
thick, or mixed).

2.6. Statistical Analysis

Data were compiled into an Excel™ (Microsoft) Spreadsheet and
then transferred to the Graph Pad Prism Version 5.0, Software Inc. (La
Jolla, California, USA). For comparison and assessment of statistical
differences among the experimental groups, the Fisher's non-parametric
test was applied considering the value of p < 0.05.

3. Results

In the morphological analysis, acute, dense inflammatory infiltrate
was present in the Control Group, in addition to an edema within 24 h.
As early as seven days, the specimens showed complete wound healing,
with no inflammatory infiltrate and it has been noted an increase in
collagen fibers within seven to 14 days. Group I has shown within 24 h
dense, acute inflammatory infiltrate, so remaining until the seventh day

Table 1
Summary of the laser parameters used on the study.

Parameters Laser

Wavelength (nm) 660
SAEF (J/cm2) (per session) 20
Energy density (J/cm2) (per point) 5 J/cm2

Power output (mW) 40
Illuminated area (cm2) 4
Mode CW
Spot (cm2) 0.04
Intensity (mW/cm2) 1.000
Exposure time (per session) 125 s
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of the experiment. At 14 days, this group still had chronic or mixed
inflammatory infiltrate and edema in 75% of specimens.

During the experimental time of 24 h, Group II has shown acute
inflammatory infiltrate which evolved to mixed, and a mild edema on
the seventh day with increased expression of collagen fibers. There was
a decrease in elastic fibers in 75% of the specimens in this group on the
14th day, with strong staining of collagen fibers and absence of in-
flammatory infiltrate. Group III had moderate acute inflammatory

infiltrate at 24 h. There was still edema after three days, disappearing
completely on the seventh day. Between seven to 14 days it has been
noted an increase in collagen fibers and a decrease in elastic fibers.

In order to make an assessment of immunostaining of collagen I and
III, fibronectin and laminin (Figs. 1-4), the groups were statistically
compared regardless the experimental time and there was a higher
amount of type III collagen in the Control, Group II, and Group III when
compared to Group I (p < 0.05). As far as type I collagen is concerned,

Table 2
Clone, manufacturer, dilution, antigen retrieval, and incubation time of antibodies.

Antibody Clone Manufacturer Dilution Antigen retrieval Incubation time

Fibronectin Polyclonal Abcam 1:1000 NO RETRIEVAL 20′
Laminin Polyclonal Dako 1:100 Trypsin 1% 30′ at 37 °C 1 h
Collagen I 5D8 Abbiotec 1:400 Trypsin 1% 30′ at 37 °C 1 h
Collagen III Polyclonal Abbiotec 1:300 Trypsin 1% 30′ at 37 °C 1 h

Fig. 1. Immunodetection of collagen type III. All groups presented evolution in the deposition of collagen type III. A, B, C (control group): high deposition of collagen type III. D, E, F
(Group I): a low deposition of collagen type III in all experimental periods is evidenced; G, H, I (Group II) and J, K, L (Group III): high deposition of collagen type III and a better collagen
fiber parallelism is observed on the 14th day.
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Groups I and III had a higher deposition of this protein as compared to
Group II and this difference was statistically significant (p < 0.05).
However, there was no statistically significant difference in collagen I
deposition among Group I, Group III, and Control. Furthermore, a
better filling by fibronectin has been described in Group III when
compared with Group II (p < 0.05) (Fig. 5).

As regards the laminin pattern on the subepithelial basement
membrane, Group I has shown a pattern of discontinuity and this result
was significant when this group was compared with Control, Group II,
and Group III (p < 0.05). The laminin expression in the basal mem-
brane of vessels was similar in all groups during all trials of this ex-
periment: > 50%, continuous and thick (Table 3).

4. Discussion

It has been investigated in this study the extent to which a therapy
employing Aluminum-Gallium-Indium-Phosphide laser of λ=660 nm,

whether or not in association with Nexfill™ bacterial cellulose mem-
brane, could lead to better healing of second-degree burns using an
animal model for research. For this analysis, morphological analysis
and immunohistochemical technique were performed in order to assess
the formation of the extracellular matrix by means of the deposition of
matrix proteins which play key roles in the skin repair process: types I
and III collagens, fibronectin, and laminin.

Acquisition of a burn model for this study is similar to the protocol
used by Bayat et al. [17] to cause a second-degree burn. However, there
are reports in the literature which reproduced third-degree burns on
their experiments [1,19,24] whereas there is research which makes no
reference to the depth of injury inflicted [18,21,25]. This variety of
methodologies used has contributed to some difficulty in finding com-
parable and results among scholarly sources reproducible results among
scholarly sources.

Traditionally, the assessment of collagen type I and type III provides
a clear sign of improvement in the healing process, given that in the

Fig. 2. Immunodetection of collagen I. A, B, C (Control group): Normal collagen I deposition; D, E, F (Group I): collagen I deposition similar to the control group; G, H, I (Group II): Low
collagen I deposition; J, K, L (Group III): Normal collagen I deposition. In all groups, the fibers underwent modification from the mixed pattern (reticular and fibrillar) to a pure fibrillar
pattern. A greater collagen fiber parallelism in the 14th day in all the experimental groups is observed.
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early stages of repair, collagen synthesis type III predominates and is
then gradually replaced by collagen fibers type I, thicker, stronger, and
more prevalent in the normal tissue [26]. Considering these char-
acteristics, laser photobiomodulation have been considered a poten-
tially useful strategy in the treatment of skin lesions as it stimulates the
synthesis of collagen type I, thereby enhancing the tissue repair process
and promoting connective-tissue stability [27–29].

In the present study, the Groups that solely received laser therapy or
in association with the application of Nexfill™ biocellulose membrane
were those with the lowest deposition of type III collagen on the se-
venth day of the experiment. As the repair process has evolved, there
was a tendency of increased collagen deposition III, with an increase in
scores for all groups. However, Control, Group II, and Group III had a
score of 3 in two or three animals, whereas Group I (laser) hasn't shown
any animal with that score - and this result was statistically significant
(p < 0.05) compared with the other groups. This result is in ac-
cordance with the morphological analysis demonstrating a presence of
inflammatory infiltrate as intense on the seventh day of the experiment.

As far as type I collagen is concerned all groups behaved similarly,
as there was progress regarding deposition of type I collagen as the
repair process evolved. While on the third day of the experiment a few
animals showed score 1, on the 14th day all animals in Control, Group I
and Group III had a score 3 for collagen I, against only one animal with
this score in Group II. When compared to others, regardless of the ex-
perimental time Group II showed collagen deposition I significantly
lower (p < 0.05). Nevertheless, Groups I and III showed no differences
in the deposition of collagen I, when compared to Control. The pattern
of the fibers has suffered mixed pattern modification (reticular and fi-
bril) to a purely fibril pattern in all groups, demonstrating filling the
wound with thicker collagen fibers.

These results appear to suggest that there was no positive influence
of therapies applied in the deposition of collagen types I and III.
Assessment of results for collagen III also indicates a negative inter-
ference of the laser on the seventh day of the experiment. These find-
ings are in line with other authors in that no histological differences
were found in the wound healing process when the laser was utilized

Fig. 3. Immunodetection of fibronectin. A, B, C (control group); D, E, F (Group I); G, H, I (Group II): Less deposition of fibronectin when compared to the other experimental groups. A
reticular pattern is evidenced; J, K, L (Group III): The highest amount of fibronectin deposition is observed when compared to group II.
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Fig. 4. Immunodetection of laminin. The laminin staining in the basement membrane of vessels was similar in all groups at all experimental times:> 50%, continuous and thick. A, B, C
(Control group); D, E, F (Group I): shows significant discontinuous marking subepithelial basement membrane compared to the other groups; G, H, I (Group II) and J, K, L (Group III): The
continuity of laminin staining in the subepithelial basement membrane is evidenced.
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Fig. 5. A comparison between collagen I, collagen III and Fibronectin for all experimental groups regardless experimental time-points.
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therapeutically [17,18,25,30,31].
When considering laser dosimetry, AlGhamdi et al. [33] proposed

an energy density ranging between 0.5 and 4 J/cm2 as ideal for in-
creasing the proliferation rate of cultured cells. According to Pinheiro
et al. [34], when laser light is irradiated on monolayers of cultured
cells, maintenance of polarity and consistency may determine the bio-
logical results, the same occurring when irradiating an ulcer. Thus,
lower doses of irradiation should be applied to mucous membranes,
ulcers, or wounds, unlikely intact skin due to stratification. In an ex-
tensive review of literature on photobiomodulation, Tuner and Hode
[35] described an energy density between 1 and 4 J/cm2 as the most
appropriate in wound repair, at the risk of the laser exert an inhibitory
effect on the repair process.

The aforemetioned irradiation protocols was used in researches
which reported positive results from laser use in second-degree and
third-degree burn repair [19,32] or cutaneous wounds in malnourished
animals [23]. On the other hand, unlike observed in the literature
[19,23,32] the same total energy density (20 J/cm2) in the current trial
had no positive effects on the repair of second-degree burns. In addi-
tion, the divergences of our outcomes might be due to the laser spot size
(4 mm2) used in this investigation that was not arranged to cover the
entire wound area (400mm2).

Overall, during experimental trials for all groups there was a higher
score for the deposition of collagen I as compared to III. The replace-
ment of collagen type III by type I and a change in fiber pattern which
become thicker (fibril) on the last day of the experiment are indicative
of organization, maturation, and tensile strength in the healing area.
This has occurred in all groups of assessed in a similar manner
[26,29,36].

Assessment of laminin staining, performed as per Henriques et al.
[37] has demonstrated that the animals receiving laser therapy in iso-
lation (Group I) showed the worst results in the analysis with regard to
the pattern of continuity in comparison with Control, Group II, and
Group III, and difference was statistically significant (p < 0.05).
Morphological analysis showed a persistent inflammation in the laser-
irradiated Group with a persistent edema, dense in the papillary dermis.
It is known that the inflammatory process directly affects the ECM
dynamics and the extension of the inflammation phase is the main
factor causing delayed healing or scar formation [26]. It is likely that
this pattern of discontinuity observed in the laser-treated group might
be attributed to the presence of inflammatory infiltrate in the analyzed
area, thereby resulting in the release of proteolytic enzymes responsible
for the degradation of tissue components at the wound site [38,39].

Groups receiving application of the cellulose membrane in isolation
or in combination with laser have significantly shown better results
than the laser group (p < 0.05) in relation to the continuity of laminin
staining in the subepithelial basement membrane. The assessment of
these results in isolation suggests that the use of cellulose biomembrane
appears to favor the deposition of this protein. This result may be re-
lated to its nanostructural configuration, which prevents contamination

of the wound area, restricts fluid loss in a unique configuration that
mimics the properties of the ECM by binding to water and behaving as a
hydrogel that integrates with tissue allowing cell migration through the
structure [9,10]. Regarding the laminin expression in vascular base-
ment membrane, all groups have shown similar results.

It has been noted during the immunohistochemical analysis the
expression of fibronectin in the epithelial tissue in several regions. A
number of works in the literature has implied that keratinocytes are
cells that secrete and deposit fibronectin in the pericellular matrix
[40–42], thus suggesting the important role of this glycoprotein also in
intercellular adhesion of the epithelial tissue.

Considering the important role fibronectin plays for the repair
process, therapies that may trigger an increase in deposition can be
helpful allies in this process, especially when dealing with wounds that
pose some difficulty or show delay in healing. However, the present
study has failed to verify a bio-stimulant effect of laser on fibronectin
deposition in the wound area. Groups I, II, and III showed the fi-
bronectin expression predominantly discontinuous near the basement
membrane in comparison with the Control group, with no statistical
significance, nonetheless.

5. Conclusion

In concluding, in this study we haven't found any beneficial effect
when the laser was utilized in isolation (Group I) in the process of
collagen deposition III and I; similarly, no favorable effect was found in
collage patterns (fibril and/or reticular), acceleration of repair in in-
duced burn injury in the dorsum of rats.

There was a trend towards a greater deposition of type III collagen
in the wounds treated with a biocelulose membrane in isolation (Group
II) or with laser therapy (Group III), as early as seven days afterwards
when these groups were compared with their laser-treated counterparts
(Group I). The continuity of the laminin staining in the subepitelial
layer of the membrane in Groups II and III suggests that the cellulose
membrane either in isolation or in combination with the laser has fa-
vored re-epithelialization in second-degree burns.

However, further research into the use of the cellulose biomem-
brane in burn repair is clearly needed in order to assure the beneficial
effects for a prompt re-epithelialization. The application of the bio-
cellulose membrane in isolation has ultimately reduced the wound
covering by fibronectin.
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