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Effect of laser and LED phototherapies on the healing
of cutaneous wound on healthy and iron-deficient Wistar rats
and their impact on fibroblastic activity during wound
healing
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Abstract Iron deficiency impairs the formation of hemoglo-
bin, red blood cells, as well the transport of oxygen. The
wound healing process involves numerous functions, many
of which are dependent on the presence of oxygen. Laser has
been shown to improve angiogenesis, increases blood supply,
cell proliferation and function. We aimed to study the effect of

λ660 nm laser and λ700 nm light-emitting diode (LED) on
fibroblastic proliferation on cutaneous wounds on iron-
deficient rodents. Induction of iron anemia was carried out
by feeding 105 newborn rats with a special iron-free diet. A
1×1 cmwound was created on the dorsum of each animal that
were randomly distributed into seven groups: I, control
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anemic; II, anemic no treatment; III, anemic+L; IV, anemic+
LED; V, healthy no treatment; VI, healthy+laser; VII, healthy+
LED (n015 each). Phototherapy was carried out using either a
diode laser (λ660 nm, 40 mW, 10 J/cm2) or a prototype LED
device (λ700±20 nm, 15 mW, 10 J/cm2). Treatment started
immediately after surgery and was repeated at 48-h interval
during 7, 14, and 21 days. After animal death, specimens were
taken, routinely processed, cut, stainedwith hematoxylin-eosin,
and underwent histological analysis and fibroblast counting.
Significant difference between healthy and anemic subjects on
regards the number of fibroblast between treatments was seen
(p<0.008, p<0.001). On healthy animals, significant higher
count was seen when laser was used (p<0.008). Anemic sub-
jects irradiated with LED showed significantly higher count
(p<0.001). It is concluded that the use of LED light caused a
significant positive biomodulation of fibroblastic proliferation
on anemic animals and laser was more effective on increasing
proliferation on non-anemics.

Keywords Anemia . Phototherapy .Wound healing

Introduction

The prevalence of iron deficiencies is very high in developing
countries, iron deficiency anemia being the most common of
such disorders worldwide. This disease develops itself due to
a low ingestion of iron. However, iron deficiency anemia co-
exists with other conditions such as vitamin A deficiency,
undernourishment, folate deficiency, and infections [1]. This
anemia may be considered the last stage of a long period of
insufficient iron intake impairing the formation of hemoglo-
bin, which contains iron, by the organism making difficult the
formation of red blood cells [1, 2].

Three stages of development of the disease are nec-
essary for its clinical manifestation. On the first stage,
there is the depletion of the iron that affects its deposit
on the body and represents the period of a more intense
vulnerability on relation to the marginal balance of iron,
and it may progress to a more severe deficiency. The
second stage is known as iron-deficient erythropoiesis
that is characterized by biochemical changes that
reflects the insufficient level of iron, making the normal
and regular production of hemoglobin not possible. This
is also seen on other iron composites found on the
organism, even when the concentration of hemoglobin
is not reduced. The last stage is characterized by the reduction
of the level of hemoglobin that causes a severe unbalance of
the organism. Asmuch reduced, the level of hemoglobinmore
severe the anemia is [1, 2].

Wound healing is a complex process that involves the
occurrence of many phenomena. Most of these phenomena
depend upon the presence of oxygen. The development of

epithelial tissue depends on both the level of hydration and
oxygenation the injured site. Angiogenesis is very important
on the healing process and tissue hypoxia has been point out
as a critical trigger on the transcription of angiogenic fac-
tors. Both production and maturation of the collagen matrix
influence the tensile strength of the healing tissue and it
is directly related to the partial pressure of the oxygen
on the tissue [3, 4]. The healing deficiency observed on
anemic subjects is due to the insufficient delivery of
oxygen to the tissue as well as to the reduction of the
levels of hemoglobin.

Laser phototherapy (LPT) is a non-invasive treatment
modality that has been shown very helpful on the healing
wounds being capable of increasing both the speed and
quality of the healing process. Increasing use of LPT has
been shown efficacious on positively modulating wound
healing by stimulating mitotic activity, increased number
of fibroblasts, increased deposition of collagen matrix, in-
creased angiogenesis, and others [5, 6].

Low-energy laser irradiation has documented benefits in
promoting the healing of hypoxic, ischemic, and infected
wounds. In comparison to lasers, light-emitting diode (LED)
technology generates negligible amounts of heat. It is clini-
cally proven to be safe and has achieved nonsignificant risk
status for human trials by the Food and Drug Administration.
LED technology has been shown to be an effective alternative
for the treatment of both cutaneous and mucosal wounds [7].

LEDs present a relatively narrow emission spectrum that
may be optimally tuned to correspond to treatment’s require-
ment and thus eliminate unnecessary wavelengths for the
therapy; they allow adjustment of light intensity and produce
high light levels with low radiant heat output maintaining
useful output for long periods of time. LED-based devices
may provide a homogenous light dose in optimal intensity [8].

While lasers provide tissue stimulation, which increase
cellular activity during wound healing, they have limitation
in wavelength. It is difficult for lasers to produce the effi-
cient wavelength combination optimal for wound healing.
The size of wounds that may be treated by the small beam
width of laser is also limited. In contrast, LEDs allow the
control of spectral composition and may be arranged in flat
arrays of all sizes for the treatment of either small or large
areas. LEDs offer an effective alternative to the use of con-
ventional light sources [8].

It is known that some wavelengths have the ability to
stimulate cell proliferation, including the fibroblasts; and
these cells have the capacity to secrete collagen, a main
organic component observed during repair [9, 10].

Wewere not able to find any previous report on the literature
on the effects of light sources, such as laser and LEDs, on the
healing process of surgical wounds on cases of iron deficiency
anemia. The aim of the present investigation was to study the
effect of two light sources, λ660 nm laser and λ700 nm LED
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light, on the fibroblastic proliferation of cutaneous surgical
wounds on rodents suffering from iron deficiency anemia.

Materials and methods

Following approval by the Animal research Ethical Committee
of the School of Dentistry of the Federal University of Bahia,
105 newborn male Wistar rats (21 days old, ±50 g) were used
on the present investigation [11]. The animals were kept under
natural conditions of light, humidity, and temperature at the
Animal House of Center of Biophotonics of the Federal Uni-
versity of Bahia during the experimental period. Iron deficiency
anemia was induced by feeding the animals with a special
pelleted iron-free diet (no iron-AIN 93-G, Rhoster, SP, Brazil)
during 15 days [12]. Anemia was confirmed by blood testing.
The animals were kept in groups of three on individual metallic
gages; kept at day/night light cycle and temperature controlled
during the experimental period.

Under intramuscular general anesthesia (0.2 ml/100 mg of
quetamine and 0.06 ml/100 g of xylazine), each animal had the
dorsum shaven and the skin cleaned with 2 % chlorohexidine
solution. A 1×1 cm full-thickness excisional wound was creat-
ed on the dorsum of each animal with a no15 scalpel blade
(Fig. 1). The depth of the woundwas controlled by the cutting to
the depth of the bevel of the scalpel blade that was 1 mm [13].

The animals were randomly distributed into seven
groups: group I, control anemic (no wound, no treatment);
group II, anemic no treatment (wound, no treatment); group
III, anemic+laser; group IV, anemic+LED; group V, healthy
no treatment; group VI, healthy+laser; group VII, healthy+
LED, (n015 each group).

Phototherapy was carried out using either a diode laser
(Twin Flex®, MMOptics, São Carlos, SP, Brazil) or a prototype
LED device (RED-LED, λ700±20 nm, Kondortech, São
Carlos, SP, Brazil). When the laser was used, the energy was
delivered to the tissue in four points around the wound (NSEW,
4×2.5 J/cm2). Due to the size of the probe of the LED device an
adaptor was used to reduce the illuminated area to 1 cm2, and

the energy was delivered by contact mode in a single point over
the wound. The probes of both devices were covered with a
single-use PVC film protection and placed directly in contact
with the tissue. As we used two different light sources, we
opted to use the energy as a comparative parameter between the
two treatments. The parameters of the treatments may be seen
on Table 1. Treatment started immediately after surgery and
was repeated at 48-h interval during 7, 14, and 21 days [13].

At the end of each experimental time, the animals were
killed by an overdose of general anesthetics. The specimens
were taken and fixed during 24 h on a 10 % formalin solution,
routinely processed to wax, cut and stained with hematoxylin-
eosin, and underwent histological analysis by light microcopy
(Axiolab®, ZEISS, Germany) at the Laboratory of Surgical
Pathology of the School of Dentistry of the Federal University
of Bahia. For descriptive analysis, five slides from each group
were used [13]. Fibroblast counting was used as assessment
parameter. Each slide was divided into six size-standardized
fields located just below the healing epithelium and counting
was always carried out on the two central fields. The results
were statistically analyzed using Minitab 15® software (Mini-
tab, Belo Horizonte, MG, Brazil). Statistical analysis was car-
ried out using Mann–Whitney test.

Results

Histological findings were as follows:
Untreated non-anemic animals showed, on day 7,

wounds covered by keratinized squamous epithelium whose
dermis showed, sometimes, spindle-shaped fibroblasts, col-
lagen fibers arranged parallel to the surface, as well as
congested blood vessels and discrete chronic inflammation.
On day 14, the wounds were histologically similar to those
seen on day 7. However, inflammatory cells were rarely
seen. On day 21, the wounds were covered by keratinized
epithelium with flat interface; on dermis, angled, and

Fig. 1 Wound model used on the study

Table 1 Summary of the parameters used on the study

Parameters Groups

Red LED Laser

Wavelength (nm) 700±20 660

Mode CW

Spot of the probe (cm²) 1 0.04

Power output (W) 0.015 0.040

Exposure time (s, per session) 670 s 260

Power density (W/cm2) 0.015 1

Illuminated area (cm²) 1 0.04

Energy density per session (J) 10 10
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spindle-shaped fibroblasts and collagen fibers arranged not
parallel to the surface were also seen (Fig. 2a).

Untreated anemic animals showed, on day 7, wounds
covered by keratinized-stratified squamous epithelium exhib-
iting atrophy, crust, and fibrinoid necrosis. The dermis showed
proliferating angular or oval-shaped fibroblasts, collagen
fibers arranged parallel or not to the surface, and congested
blood vessels. At both 14 and 21 days, the specimens showed
wounds covered by keratinized epithelium exhibiting atrophy.
The dermis showed oval- and spindle-shaped fibroblasts
amidst collagen fibers arranged parallel to the surface. Blood
vessels eventually congested were also seen (Fig. 2b).

LED-treated non-anemic animals showed, on day 7, the
majority of surgical wounds covered by keratinized epithe-
lium and, eventually, exhibiting ulceration and extensive
epithelium migration. The dermis showed proliferation of
oval and spindle fibroblasts and collagen fibers not parallel
to the surface. Sometimes, congested blood vessels and mild
chronic inflammatory infiltrate were seen scattered within
the wound. On day 14, the majority of surgical wounds were
covered by keratinized epithelium. The dermis showed
fibroblasts and collagen fibers parallel to the surface.
Amidst dermis, there were small blood vessels, and a few
congested and discrete chronic inflammatory infiltrate. At
the end of the experimental period, the specimens covered
by epithelium of regular thickness whose dermis had dermal
spindle-shaped fibroblasts and collagen fibers parallel to
the surface (Fig. 2c).

Laser-treated non-anemic animals showed, on day 7,
wounds covered by keratinized epithelium whose dermis
showed oval- and spindle-shaped fibroblasts with collagen
fibers arranged parallel to the surface, and discrete chronic
inflammatory infiltrate. On day 14, the specimens showed
the wounds covered similarly as described on previous
period. On day 21, the specimens showed similar aspect to
the specimens observed on day 7, but there was no inflam-
mation (Fig. 2d).

Anemic animals treated with LED showed, on both days 7
and 14, wounds covered by keratinized epithelium. The
dermis showed fibroblasts and collagen fibers arranged par-
allel to the surface. In both periods of time, inflammation
was rarely seen, but congested blood vessels were present.
At the end of the experimental period, the specimens
showed the wounds covered as described on previous peri-
od. Angular and spindle-shaped fibroblasts with collagen
fibers arranged parallel to the surface slightly were seen
scattered on the dermis (Fig. 2e).

Anemic animals treated with laser, showed on day 7, that
most specimens were covered by keratinized epithelium
exhibiting atypical reactive. The dermis showed spindle-
shaped fibroblasts among collagen fibers parallel to the
surface. There were very congested blood vessels and mild
to moderate chronic inflammatory infiltrate. On day 14, the

specimens showed the wound covered by keratinized epi-
thelium regularly distributed with dermis similarly distrib-
uted as described on the previous period. On day 21, the
specimens showed the wounds covered by keratinized epi-
thelium that showed dermis, fibroblasts, and collagen fibers
generally arranged parallel to the surface. In addition, there
were congested blood vessels (Fig. 2f).

Total mean counts of fibroblast during all the experimental
time were as follow: 31±8 (non-anemic controls), 44±7 (laser-
irradiated non-anemic), 34±10 (LED-irradiated non-anemic),
23±2 (anemic controls), 48±6 (laser-irradiated anemic), and
63±14 (LED-irradiated anemic). For all non-anemic subjects,
the mean count was 37±10 for the anemic 45±19. A summary
of the results may be seen on Table 2.

The statistical analysis showed significant difference be-
tween healthy and anemic subjects on regards the treatment
(p<0.008 and p<0.001, respectively). On healthy subjects,
significant higher counts of fibroblast were seen when the
laser was used (p<0.008). On the other hand, anemic sub-
jects irradiated with LED showed significant higher results
(p<0.001).

On day 14, the healthy subjects treated with the laser
showed significant differences (p<0.05). On anemic an-
imal, we found significant difference on days 7, 14, and
21 (p<0.0001, p<0.001, and p00.001, respectively) be-
ing the subjects irradiated with the LED the ones showing the
highest results.

The Mann–Whitney test did not show significant differ-
ences between non-anemic animals. However, on anemic
subjects compared to their controls, significant differences
were observed on days 7, 14, and 21 treated with laser
(p00.006, p00.007, and p00.005, respectively) or LED
(p00.16, p00.03, and p00.01).

Discussion

The repair process is a normal physiological tissue response
to injury and generally leads to the restoration of its mor-
phology and function. Wound healing begins with an acute
inflammation and is followed by vasodilatation and in-
creased vascular permeability [3, 14]. These events are
promoted by substances such as histamine that is one of
the inflammatory mediators released by mast cells [14].
Cytochrome C oxidase is the target of incident photons
inducing signals to cause cytosolic alkalinization. This leads
to the Ca+2 increment, resulting in enhanced histamine
release by mast cells activated by LPT [15]. LPT influences
the inflammatory response within the first days following
injury, with increase of the number of polymorfonuclear neu-
trophyls and mast cells, vasodilatation, and increased numbers
of blood vessels, accelerating thus the inflammatory process
and resulting in a faster healing of the wound [16].
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Fig. 2 Histophatological aspects of the healing. a Untreated non-
anemic animals: wound covered by keratinized stratified squa-
mous epithelium exhibiting atrophy whose dermis shows an in-
tense interstitial edema, tortuous and congested blood vessels and
a relatively fewer collagen fibers. A mild to moderate amount of
mononuclear inflammatory cells were also seen. b Untreated
anemic animals: wound showing ulceration covered by fibrinous
necrosis and crust. The dermis showed a noncompletely organized
granulation tissue in which fibroblasts were seen mostly parallel
to the surface. Congested blood vessels were also seen. c LED
treated non-anemic animals: wound covered by keratinized strat-
ified squamous epithelium, whose dermis shows angular-shaped
fibroblasts non-organized and congested and tortuous blood ves-
sels amidst collagen fibers and rare mononuclear inflammatory
cells. d Laser treated non-anemic animals: wound covered by

keratinized stratified squamous epithelium, whose dermis shows
a high number of spindle-shaped fibroblasts organized parallel to
the surface. Extravased red blood cells were also seen on super-
ficial dermis. e Anemic animals treated with LED: wound covered
partially by keratinized stratified squamous epithelium exhibiting
strong atrophy and ulceration recovered by thick crust, whose
dermis shows a high number of spindle-shaped fibroblasts orga-
nized parallel to the surface amidst organized collagen fibers.
Note absence of extravased red blood cells and rare inflammatory
cells. f Anemic animals treated with laser: wound covered par-
tially by keratinized stratified squamous epithelium exhibiting
intense hyperplasia, whose dermis shows a moderate number of
spindle-shaped fibroblasts organized parallel to the surface amidst
organized collagen fibers. Note presence of tortuous blood red
vessels eventually congested
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Anemias are very common disorders worldwide and no
previous studies were found evaluating the effect of laser and
LED on the fibroblastic proliferation during wound healing in
iron deficiency anemia cases. The present model is new and
may provide a new option of studying the effects of photo-
therapies on patients suffering from systemic diseases.

It has been shown that LPT affects most cells involved on
the healing wounds. A previous report showed that the use of
IR (λ980 nm) laser light improves cell growth [17]. Our
results are aligned with this study as healthy animals treated
with laser light showed better results on regards the healing.

Some studies have shown that the use of λ630–1,000 nm
laser or LED light, both in vivo and in vitro, causes a
positive biomodulatory effect on the healing of wounds
[10]. Our results indicate that the use of either laser or
LED light causes an increased fibroblastic proliferation thus
improving the healing process.

The correct dosimetric determination of wavelength, flu-
ence, and irradiance, as well as for each clinical condition and
specific cellular modulation, is of great relevance. It is known
that, depending on the fluence delivered at the surface tissue,
different tissue responses may be observed during the healing
process [5, 18].

It seems possible that LED light presents beneficial effects
similar to the ones observed when laser light is used as several
reports on the benefits of the use of LEDs operating at several
wavelengths have been published elsewhere both in vitro and
in vivo on both normal and pathologic conditions [19]. It is
also possible that the mechanism involved being also similar.

Due to distinct light beams, both LED and laser protocols
were adjusted to provide the same energy for both kinds of
equipment allowing us the comparison of the therapeutic
effect of this different light source based upon a same
parameter. The wide absorption window in biological tis-
sues exists and the therapeutic action of both light sources
has been observed [20]. On the present investigation, the
same energy (10 J/cm2) was used for both treatments. A
previous report [8] has indicated that studies involving the
use of different light sources might use similar energy den-
sities and power densities. Despite this, many reports are
indicative that the use of some types of light results on
improvement of healing [21]. Furthermore, LED light is a
safe and low-cost option of treatment of wounds on skin and
mucous membranes [7].

It is known that light coherence is lost in the first layers of
the tissue [22]. In accordance with the positive stimulus to the
fibroblastic proliferation found for both light sources in this
study, several studies confirm the positive biomodulation by
incoherent light [7, 23]. Our results suggest that the fibroblastic
proliferation is probably more dependent on wavelength and
fluence than on the coherence factor. The LED emission spec-
trum is broader than that of laser and, despite this feature
differentiating the light sources a similar energy was used, but
with a distinct spectral distribution. Laser was characterized by
a higher energy density concentration in a smaller spectral
range of 660 nm. LED energy density was distributed in a
broader spectrum of 700 nm, possibly interacting with a higher
number of specific photoreceptors [21].

Our results demonstrated that the use of either λ700±
20 nm LED or λ660 nm laser light caused stimulation of the
fibroblastic proliferation on both anemic and healthy sub-
jects. Many studies have shown that the use of LED light
(λ630–1,000 nm) causes positive biomodulatory effects on
many biological processes occurring during wound healing,
including on the genic expression [23], angiogenesis [21],
on the mitochondrial oxidative metabolism [24], and on the
prevention and treatment of oral mucosites [25].

On regards, the effects of LED light on the proliferation
of fibroblasts, a previous in vitro study showed that the use
of λ625–635 nm LED light was capable of keeping the
viability of human fibroblasts as well as its synthesis of
collagen [26]. A previous study demonstrated also an in-
creased fibroblastic proliferation on mice, in vitro, following
these of a combination of different LED’s (λ670, 728, and
880 nm, 4 or 8 J/cm2, 50 mW/cm2) [7]. The study also
showed that the stimulation occurred only on the growth
phase and not occurred on the stationary phase of the cell
cycle, indicating that LED irradiation does not generate an
excessive growth or neoplastic transformation. We studied
the effect of LED phototherapy of three distinct wavelengths
on fibroblast on wound healing, on λ700 nm LED-irradiated
subjects there was a marked amount of young fibroblasts
that were paralleled located to the surface, on λ530 nm
marked amount of fibroblasts was observed on 75 % of
the cases and they were parallel to the wound surface and
on λ460 nm illuminated subjects, marked amount of fibro-
blast was seen on 50 % and these were discretely organized
on the dermis of the wound [27]. Our results are important

Table 2 Mean number of fibro-
blast counts on both anemic and
non-anemic subjects treated or
not with laser or LED throughout
the experimental time

aMean±SD

Group Non-anemic Anemic
treatment
Time (days) Controla Lasera LEDa Controla Lasera LEDa

7 28±5 46±11 31±5 23±3 40±1 47±3

14 29±6 44±6 35±5 23±2 47±6 78±15

21 36 ±13 44±5 37±6 16±3 51±7 53±20
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as they deal with the effect of two light sources on both
anemic and non-anemic animals. We were not able to find
any previous reports on using this model in the literature.

Our results showed significant difference between
healthy and anemic subjects on regards the treatment used.
We also found that on healthy subjects, significant higher
results on fibroblast proliferation were seen when the laser
was used. On the other hand, anemic subjects irradiated with
LED showed significant higher results when compared to
non irradiated ones. On anemic animals, we found signifi-
cant differences at days 7, 14, and 21, the subjects being
irradiated with the LED the ones showing the highest
counts. It is important to mention that we did not find signif-
icant differences between non-anemic animals. However, on
anemic subjects compared to their controls, significant differ-
ences were observed at days 7, 14, and 21 treated with laser or
LED. This is multistep study and further cellular and molec-
ular assessment are planned in order to provide a more con-
clusive evidence of the effects of light on this model.

There are still controversies on regards the effects of
some characteristics of the laser light such as the coherence.
It has been shown that the biological effects of the light
depend mostly on the specific relationship between the
wavelength of the light and the photoreceptor molecule.
Monochromaticity has been considered the main factor re-
sponsible for the positive stimulation of the tissues. Conse-
quently, it has been proposed that the LED light, even with it
spectral band, possesses similar effects to the laser light [7,
26, 28]. Karu [29] has suggested that high monochromatic-
ity is not essential and that it is important that the bandwidth
to be within the absorption band of the photoreceptor. We
found that the fibroblastic proliferation on anemic animals
treated with the red LED light showed better results than
when the laser was used. This may have been caused by the
fact that hemoglobin, photoreceptor molecule that is defi-
cient on anemic subjects, absorbs better the LED light
probably due to greater bandwidth when compared to the
laser [22, 26, 28]. New ATP production occurs rapidly after
LED photomodulation, triggering subsequent metabolic activ-
ity of fibroblasts [28].

This study showed positive biomodulatory effects of both
laser and LED phototherapies when comparing irradiated
and non-irradiated animals. LED (λ700±20 nm) irradiation
showed better results on anemic animals when compared to
the use of laser light. On healthy animals, our results are
aligned with previous reports when either laser [22, 30] or
LED light were used [21, 31] on regards increased vasodi-
lation and microcirculation. These phenomena are important
for the nutritional support of the healing tissues. A previous
report [31] demonstrated the stimulation of the angiogenesis
by the upregulation of both vascular endothelial growth
factor and nitric oxide synthase following the use of laser
light (λ804 nm). Another research [21], by a comparative

study using laser or LED, found no significant differ-
ence between the two protocols and suggested that the
effect on angiogenesis could be attributed to the wave-
length. This aspect may also be indicative that the same
occurs on regards fibroblastic activity as found on the present
investigation.

Based upon our results, it is concluded that the use
ofλ700±20 nm LED Light caused a significant positive
biomodulation of the fibroblastic proliferation on anemic sub-
jects and laser (λ660) irradiation was more effective on in-
creasing proliferation on non-anemic animals.
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