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ABSTRACT

Objective: The aim of this work was to compare the effect of low-level laser therapy (LLLT) on the wound
healing process in nondiabetic and diabetic rats. Background Data: Among the clinical symptoms caused by
diabetes mellitus, a delay in wound healing is a potential risk for patients. It is suggested that LLLT can im-
prove wound healing. Methods: The tissue used for this study was extracted from animals suffering from dia-
betes, which was induced by Streptozotocin®, and from nondiabetic rats. Animals were assembled into two
groups of 25 rats each (treated and control) and further subdivided into two groups: diabetic (n = 15) and
nondiabetic (n = 10). A full-thickness skin wound was made on the dorsum area, with a round 8-mm hole-
punch. The treated group was irradiated by a HeNe laser at 632.8 nm, with the following parameters: 15 mW,
exposition time of 17 sec, 0.025 cm2 irradiated area, and energy density of 10 J/cm2. Square full-thickness skin
samples (18 mm each side, including both injured and noninjured tissues) were obtained at 4, 7, and 15 days
after surgery and analyzed by qualitative and quantitative histological methods. Results: Quantitative
histopathological analysis confirmed the results of the qualitative analysis through histological microscope
slides. When comparing tissue components (inflammatory cells, vessels and fibroblast/area), we found that
treated animals had a less intense inflammatory process than controls. Conclusion: Results obtained by both
qualitative and quantitative analyses suggested that irradiation of rats with HeNe (632.8 nm), at the tested
dose, promoted efficient wound healing in both nondiabetic and diabetic rats as, compared to the control
group.
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INTRODUCTION

DIABETES MELLITUS is a chronic organic disorder that affects
many people and procedures uncomfortable clinical

symptoms. Complications include impaired wound healing,
circulatory alterations, decreased collagen production, and
skin defects.1–5 It has been suggested that diabetes mellitus
causes macro- and microvascular alterations, as well as neuro-
logical diseases. Some authors have demonstrated that low-
level laser therapy (LLLT) stimulates wound healing, by
increasing collagen deposition and blood flow in the wound
area.6–13 Some lasers, when used with the proper parameters,
affect fibroblasts and collagen production in vitro, and promis-

ing results have been found utilizing the HeNe laser (632.8
nm) with multiple exposures.9,14–19

One effect of laser therapy (5 J/cm2) is increased local blood
flow in normal human skin of the sole of the foot.6 A compara-
tive study of LLLT on fibroblasts in vitro, using fluence of 2
J/cm2 and various irradiances, concluded that the proliferation
rate of human gingival fibroblasts was increased when under
conditions of nutritional deficit and stress.14

Laser parameters (such as wavelength, time of exposure,
and dosage) used for in vivo studies of the effect of LLLT on
wound healing have not been standardized yet.11,20 It is diffi-
cult to compare results from different experiments when laser
parameters are variable.
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However, it is known that LLLT (fluence of 2 J/cm2) affects
fibroblast proliferation in vitro and that the condition of cell
stress intensifies laser’s biological effect. Additionally, LLLT
has beneficial effects on human chronic wound closure by
stimulating angiogenesis and scarring at the damaged area.14,16

One in vivo experiment showed that the HeNe laser stimu-
lated collagen synthesis during wound healing in rats. The
most effective fluence was 4 J/cm2, and the rate of wound clo-
sure was enhanced days 3–12 after surgery.21

Among the different lasers used for LLLT, the HeNe and
others with nearby wavelengths were found to be the most ef-
fective for wound healing.21–25

The aim of this study is to investigate the biostimulatory ef-
fect of HeNe laser irradiation, at 632.8 nm and 10 J/cm2 of flu-
ence, on wound healing in rats suffering from diabetes induced
by Streptozotocin®, as compared to nondiabetic rats. A quanti-
tative analysis was accomplished to confirm qualitative histo-
logical observations of samples containing wound healing
tissues.

METHODS

Animals

Fifty male Wistar rats (Rattus norvergicus albinus), weigh-
ing 180–200 g, were used for this study. Animals were ob-
served for an adaptation period of 7 days. Then, they were
separated into two groups of 25 animals each, hereafter
known as treated and control groups, respectively. Each of
those groups was then subdivided into two groups: diabetic
(15 animals) and nondiabetic (10 animals). Animals were
housed in standard plastic cages, and when urine collection
was necessary, they were individually caged in metallic meta-
bolic cages. The animals were kept under constant conditions
of temperature (20 ± 1°C) and natural light, with ad libitum
access to food and water. All animals were physically alike,
and the diabetes condition was induced by an intravenous in-
jection of Streptozotocin®.

Ethical aspects

The animals were handled in accordance with national
guidelines for the humane treatment of laboratory animals.
This study was approved by the Committee of Ethics in Re-
search at the Universidade do Vale do Paraíba (UNIVAP),
Brazil, under protocol number A005/2002/CEP.

Diabetes induction and glucose control

Diabetes was induced for 30 animals, after they were anes-
thetized with an intramuscular injection of Zoletil® 50 Virbac
0.1 cc/100 g body weight. The control group received a buffer
intravenous injection to simulate the diabetes induction. A so-
lution of Streptozotocin® in 0.05 M citrate buffer, pH 4.2, was
injected through the caudal vein, at a dosage of 65 mg/kg of
body weight.

To establish a baseline, all animals had their blood glucose
levels measured. The nondiabetic condition was confirmed by
an initial value of glucose of <200 mg/dL of blood. The dia-
betic condition was set at a glucose level of >217 mg/dL of

blood. The blood examination, utilizing a glucometer Prestige®

LX, was done at the 7th day post-induction and, after that, once
a week throughout the entire experiment. Glucose levels in the
urine were also measured to confirm a stable diabetes condi-
tion, around the 15th day after induction.

Urinary analysis

Diabetes was confirmed through urinary analysis of the glu-
cose level. Urine samples were collected during 24 h, with ani-
mals individually housed in metallic metabolic cages, between
the 15th and 17th days after diabetes induction. Nondiabetic ani-
mals also had urine samples analyzed.

Wounding procedure

After diabetes was confirmed and with the high blood glu-
cose levels stabilized for more than 15 days after induction, a
small dorsal surgery was performed with animals under anes-
thesia by intramuscular injection of Zoletil® 50 Virbac 0.1
cc/100 g body weight. The dorsal area was shaved, and a full-
thickness skin wound was aseptically made on the right side,
with a round 8.0-mm hole-punch. Wounds were kept open
throughout the entire experiment, without dressing.

After the wounding procedure was finished, animals were
housed again and observed until the study was finished.

Experimental groups

Both laser irradiated and control groups were treated ex-
actly the same way until the end of the surgical procedure.
Following this procedure, the 25 animals from the treated
group (diabetics and nondiabetics) were exposed to laser ir-
radiation three times a week, whereas the control group
was only observed. Full-thickness square skin samples with
18-mm sides (including both injured and noninjured tis-
sues) were obtained at 4, 7, and 15 days of healing after
surgery. Samples were fixed in 10% buffered formalde-
hyde, and for histopathologic analysis, they were paraffin
embedded, sectioned 6 µm thick, and stained with hema-
toxylin and eosin.

Laser irradiation

A continuous wave (CW) HeNe laser (Spectra-Physics®,
model 127), at the wavelength of 632.8 nm and with an output
power of 15 mW, was used to irradiate the animals’ wounds.
Before starting the experiment, the laser was calibrated using a
2-W Broadband Power/Energy Meter (model 13 PEM 001/J).
The laser fluence on the rat skin was 10 J/cm2, corresponding
to an irradiated area of 0.025 cm2 and an exposure time of 17
sec. Wounds were irradiated at only one point, at their central
region.

Qualitative histopathological analysis

Histopathological analysis was performed by observing the
superficial area of wound tissue and the dermis underneath.
Study the evolution of wound healing, we analyzed the degree
of re-epithelialization (number of cell lines), granulation tissue
formation, inflammatory cellular migration, fibroblast prolifer-
ation, collagen deposition, and neovascularization.
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Quantitative histological analysis

A quantitative histopathological analysis was performed to
confirm the quality of the tissue observed in the histological
microscope slides. That analysis was accomplished with a
camera-coupled microscope and a computer, using the soft-
ware Leica Qwin RGB®. Each microscope slide, containing a
wound area defective tissue, was observed at 400� magnifica-
tion. Superficial and depth dermis were analyzed. Vessels, in-
flammatory cells, and fibroblasts were quantified by only one
observer. The automatic counting system was discarded to
avoid identifying errors. Each sample was analyzed three
times, considering an observation area of 5 � 10�2 mm2, based
on pixels of 4 � 10�4 mm.

Statistical analysis

We used Prism™ 2.0 software to carry out the statistical
analysis. The one-way analysis of variance (ANOVA), comple-
mented by the Bonferroni test, was performed to verify if sig-
nificant differences (p < 0.05) were observed between the
mean values of the number of cells and vessels presented by
the treated and the control groups, for diabetic and nondiabetic
animals.

RESULTS

The concentration of glucose, expressed by mg/dL of blood,
was monitored for all animals during the experiment. The initial
glucose mean values, before diabetes induction, were approxi-
mately 110 mg/dL. From the 7th day after diabetes induction,
the blood glucose level remained almost stable. Stability was
established from the 15th day after diabetes induction.

The diabetic condition was confirmed when glucose was
also present in the urine samples. A mean value of 578 mg/dL
for glucose in urine was found in the animals from both dia-
betic groups, treated and control.

The wound healing process was monitored throughout the
experiment, by macroscopic and microscopic analyses.

Macroscopic evolution

From a macroscopic analysis of the superficial wound area,
we found that treated animals (diabetic and nondiabetic)
showed accelerated reduction of the wound area when com-
pared to controls. Area reduction was significant at the 7th day
(p < 0.04), when the group that received LLLT presented better
healing and reduced wound size compared to controls. Only
small differences were found at the beginning of the healing
process (4th day) and at the second week (15 days after sur-
gery). The diabetic group presented a slower healing process
than the nondiabetic group.

Microscopic qualitative analysis

Qualitative histopathological analysis was used to evaluate
the healing process of the wound area and surrounding tissues.
Samples were extracted at 4th, 7th, and 15th days of the healing
process, for all treated and control groups.

Treated animals had a less intense inflammatory process
than controls, for animals that belong to the same group, dia-

betic or not. Diabetic animals showed more intense inflamma-
tory response when compared to nondiabetic animals. At the
three healing times, we observed the following:

i. 4 days—Samples from the treated group showed granula-
tion tissue with few vessels and infiltrated mononuclear in-
flammatory cells forming groups. Samples from the
control group presented extensive capillarity and mononu-
clear inflammatory cells distributed over the entire wound
area. The microscope slides from diabetic animals pre-
sented congested granulation tissue, with intense inflam-
matory cell density, poor organization, and congested
capillaries when compared to the nondiabetic group.

ii. 7 days—The treated group showed granulation tissue with
fewer capillaries and a better quality of epithelialization
than the control group, for both diabetic and nondiabetic
animals. The samples from nondiabetic animals showed
smaller inflammatory cell density when compared to dia-
betic animals; the laser-treated nondiabetic group pre-
sented well-organized healing tissue in the best condition.

iii. 15 days—Only small differences were found between dia-
betic and nondiabetic animals. After 15 days, irradiated
groups showed intense fibroblast proliferation and exten-
sive collagen fiber deposition. Epithelialization for the
treated group was extensive, and epithelial tissue for the
treated group had a better quality of differentiation com-
pared to the control group.

Microscopic quantitative analysis

Table 1 presents densities of the inflammatory cells, vessels,
and fibroblastic cell indices for the control and irradiated
groups (nondiabetic and diabetic animals), obtained from an
analysis of the superficial and depth dermis. It was possible to
verify the following:

i. Inflammatory cells for nondiabetic group—A significant
reduction of inflammatory cell density (superficial dermis)
occurred during the period between the 4th (58.3 ± 2.9) and
the 7th (29.5 ± 3.7) days for laser-treated animals (p =
1.25e�5) and also after the second week (15.1 ± 1.0, p =
0.003), whereas the density reduction between the 4th (73.4
± 4.4) and 7th (58.9 ± 5.2) days of healing was not signifi-
cant for the control group. For this group (depth dermis), a
significant decrease of inflammatory cells occurred be-
tween the 7th (66.3 ± 7.8) and 15th (21.1 ± 2.1) days of
healing (p = 9.64e�6).

ii. Inflammatory cells for diabetic group—Samples from dia-
betic animals showed a continuous decrease of the inflam-
matory cell density for control and laser-treated groups
throughout the entire experimental period. That decrease
was, most of the time, larger for the diabetic group than for
the nondiabetic group (control and laser-treated). Figure 1
displays the density of inflammatory cells on the wound
surface as a function of the number of days of healing, for
the two groups (treated, control), and the subgroups (dia-
betic and nondiabetic). A comparison between laser-
treated and control groups for the same condition (both
diabetic or not), and at a certain time of healing, days 4–7
and days 7–15, indicated a significant decrease (p < 0.05)
of the inflammatory cell density for laser-treated samples.
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The laser-irradiated diabetic group showed inflammatory
cell densities that are similar or even lower than the control
group for later healing times. The inflammatory cell den-
sity of the diabetic group showed a significant level of dif-
ference (diabetic control versus diabetic laser) at the 4th

day (p < 0.01) and at the 7th day (p < 0.01) when laser-
irradiated animals were compared to control (superficial
and depth dermis). A nonsignificant reduction in inflam-
matory cells was observed for samples from the nondia-
betic groups (control and laser-treated).

iii. Vessels and fibroblasts for both groups—Both the nondi-
abetic and diabetic groups showed a significant decrease

in capillarity during only the first week of experiment
when control animals were compared to laser irradiated.
Quantitative analysis demonstrated a continuous de-
crease of capillarity in both groups, but the relative num-
ber of vessels was lower for the laser-irradiated animals
than for the controls for the same period of healing. No
significant differences were found for nondiabetic
treated, diabetic control, and diabetic treated groups as a
function of time of healing. The number of fibroblasts
had a significant decrease at the 15th day for the laser-
treated diabetic group compared to the diabetic control
group (superficial dermis).

TABLE 1. ANALYSIS OF THE INFLAMMATORY CELLS, VESSELS, AND FIBROBLASTIC CELLS INDEXES (AREA = 5 � 10�2 MM2) OF THE

CONTROL AND IRRADIATED GROUPS (NONDIABETIC AND DIABETIC ANIMALS)

Nondiabetic group Diabetic group

Control Laser Control Laser

Days Surface Depth Surface Depth Surface Depth Surface Depth

Inflammatory cells
4 73.4 ± 4.4 70.9 ± 6.9 58.3 ± 2.9 50.9 ± 3.3 139 ± 14 abc 141 ± 18 abc 87.3 ± 7.6 93.6 ± 5.4 d

7 58.9 ± 5.2 66.3 ± 7.8 29.5 ± 3.7 38.5 ± 3.9 93.6 ± 7.1abc 110 ± 6.0 abc 60.3 ± 7.4d 73.6 ± 8.4 d

15 22.0 ± 1.5 21.1 ± 2.1 15.1 ± 1.0 15.9 ± 0.9 42.7 ± 7.8c 50.5 ± 11abc 30.1 ± 4.3 26.1 ± 2.4
Vessels

4 78.4 ± 5.7 e 73.0 ± 4.1 64.7 ± 2.7 67.0 ± 2.5 66.3 ± 12 74.3 ± 4.7 44.0 ± 4.8 50.6 ± 8.7
7 81.2 ± 2.5 f 94.3 ± 4.4 bef 56.9 ± 3.0 67.8 ± 2.4 68.3 ± 13 64.0 ± 10 60.6 ± 7.9 49.8 ± 6.8

15 53.4 ± 6.2 62.9 ± 4.8 45.5 ± 4.3 49.6 ± 3.8 50.3 ± 6.6 51.5 ± 8.2 39.8 ± 9.6 36.6 ± 6.8
Fibroblastic cells

4 145 ± 5.8 140 ± 6.7 123 ± 7.4 125 ± 7.9 140 ± 11 157 ± 11 132 ± 7.6 137 ± 6.5
7 128 ± 4.7 121 ± 5.2 106 ± 6.8 111 ± 3.9 128 ± 20 139 ± 13 128 ± 18 137 ± 16

15 80.2 ± 4.0 91.7 ± 4.9 76.8 ± 3.8 79.0 ± 4.2 59.0 ± 4.7 67.8 ± 9.9 102 ± 12a 99.8 ± 11

Level of statistical significance was calculated for the comparison between the nondiabetic and diabetic groups (control and laser treated).
Data are expressed as means ± SEM.

a–fp <0.05 (a, diabetic control vs. diabetic laser; b, diabetic control vs. nondiabetic control; c, diabetic control vs. nondiabetic laser; d, diabetic
laser vs. nondiabetic laser; e, diabetic laser vs. nondiabetic control; f, nondiabetic control vs. nondiabetic laser).

0

40

80

120

160

200

3 6 9 12 15

Days

In
fla

m
m

at
or

y 
ce

lls
/ µ

m
2

non diabetic - control

non diabetic -  laser

diabetic - control

diabetic - laser
*

*
*

*

FIG. 1. Inflammatory cells in the wound
surface (/µm2), versus days after surgery, for
all the groups: control and irradiated (laser)
nondiabetic and diabetic animals. Symbols
represent mean ± standard error of the mean
(SEM). *p < 0.05
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DISCUSSION

Wound healing is a complex biologic and biochemical pro-
cess that commences right after tissue injury. Low oxygen ten-
sion and the formation of platelet plugs characterize the
coagulation phase. Macrophages, polymorphnuclear neu-
trophilis, and lymphocytes appear during the inflammatory
phase for debris and infection control, and the secretion of
growth factors occurs for fibroplasias, angiogenesis, and re-
epithelialization.

During the past decade, a growing interest in photomedi-
cine has emerged from the creative use of lasers, giving rise
to the field of “laser biostimulation” or “low-level laser ther-
apy” (LLLT). This form of therapy is now widely used for the
treatment of a variety of conditions, including wound heal-
ing, reduction of edema, and elimination of pain of various
etiologies.26

In this study, we examined the hypothesis that laser photo-
stimulation can facilitate healing of impaired wounds in exper-
imental diabetes using a rat model. Our results using LLLT
show a decreased number of inflammatory cells in the injury
site. Previous studies have reported-beneficial effects of LLLT
on chronic wound healing, in healthy and nonhealthy rats, as
well as in some other small animals.7,10,19–22 Since blood flow
is increased in the microcirculation during laser therapy, this
could explain the enhancement of wound healing and reduced
pain.6,7

Others have suggested that LLLT is beneficial for wound
healing in diabetics. They reported that LLLT, at 830 nm, sig-
nificantly enhanced cutaneous wound tensile strength in a
murine diabetic model.13 Yu et al.7 showed that LLLT en-
hanced wound healing in diabetic mice, as evidenced by
wound closure and the histopathological evaluation of wounds
of treated and untreated animals. Others found21 that maximum
enhancement of skin wound healing using a HeNe laser was
reached at a daily dose of 4 J/cm2, whereas a slight decelera-
tion was noticed at 20 J/cm2.

Results from the present experiment seem to indicate that an
irradiation of 632.8 nm at 10 J/cm2 accelerates wound healing
in nondiabetic rats, as well as for induced diabetes. No inhibi-
tion effect was found, and treated animals had a better quality
of healing tissue. The differences in the reduction of the wound
area size were more evident for diabetic animals than for non-
diabetic when compared with controls. This fact probably oc-
curred due to stress, caused as a consequence of diabetes.14

Only small differences in wound size could be noted between
treated and untreated animals at the 4th and 15th days, (i.e., at
the beginning and at the end of the experiment). This was be-
cause the irradiation time was not enough to produce signifi-
cant changes at the 4th day, and in the second case (at the 15th

day) was due to the fact that healing was almost complete for
both groups. On the contrary, significant reductions in wound
sizes (at least by a factor of two) were observed for the treated
group at the 7th day, when compared to the control, indicating a
distinct acceleration of the healing process stimulated by laser
irradiation.

Histopathologic evaluation showed better re-epithelializa-
tion in treated groups at the 7th and 15th days after surgery than
in control animals. Thick epithelium was seen in some cases by
the 15th day, with queratin on the surface. Treated animals pre-

sented, at the 7th day, a dermis healing tissue with fewer capil-
laries and more discrete inflammatory cells compared to the
untreated group, especially in nondiabetic animals. Fibroblast
proliferation in the treated group seemed to be a little more ac-
celerated, with connective tissue showing advanced maturity
and organization. Those factors suggest modulation of the in-
flammatory reaction is the mechanism by which light acts in
the healing process.

CONCLUSION

In conclusion, irradiation of nondiabetic and diabetic rats
with HeNe laser (dose of 10 J/cm2 at 632.8 nm) promoted effi-
cient wound healing for both. The nondiabetic laser-treated
groups showed the earliest wound healing when compared to
the other groups. Laser-treated groups presented better quality
of wound tissues at macroscopic and the microscopic analysis.
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