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Abstract The already known benefits produced by the

interaction of coherent light (laser) with biologic tissues

determine its use as an adjuvant in the treatment of several

complications associated with diabetes. Non-coherent light,

such as that emitted by light emitting diodes (LEDs),

becomes a promising alternative, because of its low cost

and easy handling in these applications. Thirty-six rats were

given surgical dorsum lesions. The lesions for the control

group did not receive any supporting therapy. The other

groups were irradiated only once, 30 min after the

establishment of the lesion, with LED (640 nm with

40 nm full bandwidth at half maximum) or laser

(660 nm). The histomorphological and histomorphometrical

parameters were quantified. The coherent and non-coherent

lights produced similar effects during a period of 168 h

after the lesions had been made. For the group composed of

diabetic animals, 72 h after creation of the lesion, it was

observed that the therapy with LEDs had been more

efficient than that with the laser in the reduction of the

wounds’ diameters.

Keywords Light emitting diode (LED) . Laser . Healing .

Wounds . Skin . Diabetes

Introduction

Diabetes mellitus (DM) is one of the prevalent non-

contagious diseases in the world population. DM type 1 is

responsible for approximately 10% of primary diabetes.

Most of the 80–90% of remaining patients have diabetes

type 2. Although the two types of diabetes have different

pathogenic mechanisms, the general complications are

similar [1]. The histological alterations deriving from

hyperglycemia in this disease are present in several tissues,

since it is a systemic disorder. These alterations lead to the

incidence and progression of other disorders in the vascular

system, kidneys, and nervous system, and are manifested in

retardation of tissue repair in cutaneous wounds [2, 3].

Several studies have demonstrated that phototherapy

improves tissue repair through several mechanisms.

Phototherapy probably increments the production of

adenosine triphosphate (ATP) [4], increases the synthesis

of protein [5, 6], stimulates the microcirculation by

improvement of nutritional contribution, which, associated

with an increase in mitotic activity, results in facilitated

cellular multiplication and new vessel formation from

existing vessels [7–10]. It contributes to the deposition of

collagen fibers, in the initial phase of the treatment and also

in the late phase, as well as to the reduction in the number

of inflammatory cells in the lesion zone in the initial phase

of the cicatricial process [11, 12].

With the introduction of light emitting diodes (LEDs) in

light therapy, several debates have been generated about

differences from and similarities to lasers [13, 14]. Several

research studies have verified the efficiency of therapy with

LEDs in tissue repair [15, 16], but only a few of them

compare LEDs with laser or involve organisms systemical-

ly compromised by some abnormality. In this way, photo-

therapy deserves to be distinguished as an effective
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therapeutic modality for the minimization of adverse effects

caused by diabetes. In addition, the small number of

published studies and the lack of conclusive data on the

use of optical radiation from LEDs, in light therapy,

motivate further investigation in this field.

Our work was an experimental investigation and a

comparative study of the biomodulation effects produced

by either coherent or non-coherent lights on the initial

process of tissue repair in diabetic (type 1) rats. Considering

the fact that DM type 1 and type 2 generate similar

complications in the organism [1], the results found in

our study can be inferred for the treatment of DM types 1

and 2.

Materials and methods

Ethical aspects

This study was submitted for verification by the Research

Ethics Committee of the Vale do Paraíba University and

obtained approval, under protocol number A058/CEP/2007,

following ethical aspects of animal testing according to the

principles of the legislation for animal research.

Animals

We used 54 rats (Rattus norvegicus albinus, Rodentia

mammalia), Wistar family, male adults, with weights

between 180 g and 250 g. The animals were submitted to

an adaptation period of 10 days in the vivarium, where they

were under an average temperature of 22°C and light and

dark cycles of 12 h. They were fed with standard diet, water

and rations ad libitum.

Chemical induction of diabetes

Diabetes was induced in 36 animals, chosen randomly,

through intravenous administration of 42 mg/kg of mono-

hydrate of alloxan (Sigma Aldrich Inc., St. Louis, MO,

USA), diluted with sterile saline solution. The alloxan was

injected slowly, in one of the caudal veins.

The animals were starved for 24 h, but they were

provided with water ad libitum. At the end of this period

they were put in a box, heated by an incandescent lamp at a

temperature of approximately 40°C, for 10 minutes, to

allow us better visualization of the caudal veins. They were

weighed and anesthetized with intra-muscular administra-

tion of ketamine hydrochloride (1 g/kg body weight) and

xylazine hydrochloride (0.02 g/kg body weight).

Of the 36 animals submitted to diabetes induction, one

died during the induction procedures (2.8%) and six rats

died during the first 6 days after induction (16.7%). Of the

29 animals left, 11 were removed from the study because

they had not acquired the levels of glycemia considered

adequate for the characterization of diabetes within pre-

established parameters (glycemia less than 180 mg/dl). The

18 animals selected were separated into three experimental

groups, each containing three animals.

Glucose determination

For blood collecting and determination of glycemic levels

the animals were starved for 12 h, being allowed only water

during this period. For all collections, the animals were

previously anesthetized. On the first and seventh days we

collected the blood by puncturing the venous retro-orbital

plexus with a capillary glass tube. The last collection, on

the day that the animal was killed, was with a cardiac punch

[17]. The collected blood was conditioned in collection

tubes containing clot accelerator [silicon dioxide (Si02)]

and separator gel. The serum was obtained by centrifuga-

tion at 2,400 r.p.m. for 12 min. The immediate glucose dose

in the serum was determined by the colorimetric–enzymatic

method for glucose oxidase.

Experimental groups and full-thickness wound procedure

The 36 animals selected for the study were separated into

six experimental groups, with six animals each, three

groups of diabetic rats and three groups of non-diabetic

rats, as illustrated in Table 1.

Each animal was given a circumferential lesion, with an

area of 0.5 cm2, on the right side of its dorsum, performed

with surgical punch 0.8 cm in diameter. For the lesion

procedure, the animals were anesthetized and the back

pelage was shaved. The animals were then separated into

groups (n=6), as in Table 1.

Treatment parameters and equipment data

For the treatment of groups 2 and 5, LED equipment was

used [gallium–aluminum–arsenide (GaAlAs)] with 40 nm

Table 1 Distribution of the experimental groups

Groups (n=6) Cutaneous

wound

Non-diabetic Diabetic LED Laser

1 X X

2 X X X

3 X X X

4 X X

5 X X X

6 X X X
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bandwidth [full width at half maximum (FWHM)], centered

at 640 nm and with 30 mW of optical output power, which

was a prototype built for the experiment. For the treatment

of groups 3 and 6, laser equipment with continuous wave

emission [indium–gallium–aluminum–phosphide (InGaAlP),

660 nm, Endophoton® P30P660-020, KLD Biosistemas,

Camanducaia, SP, Brazil was used. For groups 2, 3, 5 and 6

an optical power of 30 mW, distributed in an irradiation area

of 0.5 cm2, was used. Therefore, with an irradiation time of

100 s, the applied energy density was 6 J/cm2. The distance

between the tip of the irradiation source and the animal’s

skin was 1 cm. The animals were irradiated with only one

dose, 30 min after the surgical procedure.

The optical output power of the light sources was found

before the experiments with the use of a broadband power

and energy meter: System 13 PEM 001/J (Melles Griot

Photonics Components Group, Carlsbad, CA, USA).

Data acquisition parameters

The wound diameters and crust characteristics were

observed for 7 days and photographs of the lesion were

taken daily. A 3 megapixel digital capture camera with

fixed focus (Moticam® 2300, Motic Group, Xiamen,

China) was used, with an acrylic spacer tube coupled to

the lens. A reference ruler with a millimetric scale was

positioned for dimension measurement.

The lesional diameters on each photograph were ana-

lyzed with ImajeJ software (version 1.39u). The evaluation

considered the Ferret diameter of the ellipse formed by the

wound’s margin lineament.

After the seventh day of experiment the animals were

killed and the wounds were removed. The removed tissues

were stained with hematoxylin and eosin for histological

examination. The photomicrographs obtained from the

histological samples were analyzed digitally with the

ImageJ software for the quantification of inflammatory

cells, blood vessels and fibroblasts.

For histopathological analysis we observed the superficial

area of wound tissue and the dermis underneath. Tp study the

evolution of wound healing, we analyzed the degree of re-

epithelialization (number of cell lines), granulation tissue

formation, inflammatory cellular migration, fibroblast prolif-

eration, collagen deposition, and neovascularization [18].

Statistical analysis

We used GraphPad InStat V. 2.05 software to carry out the

statistical analysis. The one-way analysis of variance

(ANOVA), complemented by the Bonferroni test, was applied

to the experimental data. The statistical tests were applied to

compare the number of inflammatory cells, vessels and

fibroblasts quantified for the LED or laser-treated and control

groups, as well as for diabetic and non-diabetic animals.

Results

Clinical and laboratory course of the animals

The glucose concentration (in milligrams per deciliter) and

weight of the animals were monitored during the experi-

mental period. Table 2 shows the evolution of the animal

weights during the experimental period. The weights of the

animals differed in different experimental groups, demon-

strating an increase of approximately 9% in non-diabetic

animals over a period 14 days (P<0.01). In the animals

with induced diabetes, the mean weight decreased by about

11% over the 14 days of the experiment (P<0.001).

The values for glycemia are disclosed in Table 3 and

allowed us to evaluate the success of the method we used to

induce diabetes. The group of diabetic animals had

glycemia values significantly higher than those of the

non-diabetic animals. The values varied between 70 mg/dl

and 90 mg/dl for non-diabetic animals and were above

180 mg/dl for diabetic animals.

Table 2 Evolution of the animals’ weights during the study

Experimental group Initial weight- on

induction day (g)

After 7 days – weight

on the day the lesion

was made (g)

After 14 days – weight

when the animal was

killed (g)

Non-diabetic 253±15 (n=18) 261±12 (n=18) 275±11 (n=18)A

Diabetic 257±22 (n=36) 235±20 (n=18)B 229±13 (n=14)C

Comparison between control and diabetic groups. Values are expressed as means ± standard deviations
AP<0.01, initial weight of non-diabetic group vs weight of non-diabetic group on the day they were killed
BP<0.001, initial weight of diabetic group vs diabetic group on the day the lesions were made
CP<0.001, initial weight of diabetic group vs weight of diabetic group on the day they were killed
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Macroscopic evolution of wound repair

The wound diameter was significantly reduced in the

groups submitted to phototherapy. The differences were

more evident on the diabetic animals. In the non-diabetic

group the reduction in wound diameter in the period of

168 h after the surgery was 39.3% for the control group,

50.5% for the group treated with LED and 51.5% for the

groups treated with laser. The differences were statistically

significant when the treated groups were compared with the

non-treated ones (P<0.05).

For the diabetic animals, the diameter reduction was

30.1% for the control group, 45% for the group treated with

LED and 44.5% for the group treated with laser. There was

also a statistically significant difference for the light-treated

groups in relation to the control group (P<0.01).

The diabetic group treated with LED, compared with the

diabetic control group, showed a statistically significant

difference in the reduction of wound diameter in a period of

72 h after surgery.

In a period of 168 h after surgery, the light-treated

diabetic animals, in comparison with the non-treated con-

trol group, also showed a significant reduction in wound

diameter (P<0.01).

The crust began to form on the wounds around the 48th

hour following surgery. At that moment, it was observed

that 50% of the non-diabetic animals from the control group

already had a crust formed, against 20% of the control

group of diabetic animals. In the 72 h subsequent to the

establishment of the lesions all the animals showed crust

formed on them.

The treated animals showed a more precocious forma-

tion of the crust. The crust began to form 48 h after surgery

in 66.7% of the non-diabetic, light-treated animals, in 50%

of the diabetic animals treated with LED, and in 20% of the

diabetic animals treated with laser. The loss of crust began to

be observed 120 h after the surgery in the non-diabetic, light-

treated animals. In light-treated diabetic animals and diabetic

controls, as well as in the non-diabetic control group, the

beginning of crust loss was observed later, after 144 h.

Microscopic evolution of wound repair

The microscopic analysis was performed at the end of the

experimental period (14th day from the beginning of the

experiment). Inflammatory cells, blood vessels and fibro-

blasts, shown in Table 4, were counted in a delimited area

with ImajeJ software. The values reported represent the

means of two counts in different dermal region, a shallow

one and a deep one. The counting was done on photo-

micrographs with a magnification of ×200 and covered a

cut area of 272 μm2, considered after the calibration of the

software imageJ.

For the experimental group of diabetic animals the

number of inflammatory cells in the shallow dermis region

in the light-treated animals was reduced by approximately

23%, in comparison with the non-irradiated control group.

For the deep dermis, the reduction was 19%. For the group

of non-diabetic animals, the reduction in the inflammatory

cell count, after light-treatment, was 21% and 8% for the

shallow and deep dermis, respectively.

The count for inflammatory cells in a diabetic subgroup

was always higher than that obtained for the equivalent

non-diabetic subgroup, i.e., when we compared the light-

treated diabetic subgroup with the light-treated non-diabetic

subgroup, as well as when we compared both the diabetic

and the non-diabetic controls. When the data for the

shallow region of the dermis were compared with the data

for the deep portion of the dermis, within equivalent

subgroups, the inflammatory cell count was always higher

for the shallow region. That held for both the diabetic and

non-diabetic experimental groups.

There was a statistically significant difference between

the mean numbers of blood vessels in the groups. The

numbers of vessels in the diabetic control group, compared

with those in the non-diabetic control group, was reduced

by approximately 29% in the shallow dermis and by about

35% in the deep dermal region.

It can be seen in Table 4 that the light treatment

promoted an increase in the numbers of vessels in both

observation sites, i.e., in the shallow and deep dermis.

Table 3 Evolution of glycemia in the animals during the study

Experimental group Initial glycemia

level – on the induction

day (mg/dl)

After 7 days – glycemia

on the day the lesion

was made (mg/dl)

After 14 days - glycemia

level when the animal

was killed (mg/dl)

Non-diabetic 73.3±13 (n=18) 75.4±14 (n=18) 77.4±15 (n=18)

Diabetic 70.8±13 (n=36) 195±12 (n=18)A 190±8 (n=14)B

Comparison between control and diabetic groups. Values are expressed as means ± standard deviations
AP<0.001 initial glycemia of diabetic group vs glycemia of diabetic groups on the day the lesions were made
BP<0.001 initial glycemia of diabetic group vs glycemia of diabetic group on the day they were killed

912 Lasers Med Sci (2009) 24:909–916



Therefore, it is interesting to note that while the light-

treatment promoted similar levels of new vessel formation

in the shallow dermis in both diabetic and non-diabetics

groups, the same did not hold for the deep dermis. For the

deep dermis we observed that, although the light-treatment

promoted an effective increase in the numbers of vessels in

the treated diabetic group compared with the diabetic

control, the counts were always lower than those obtained

for the light-treated non-diabetic animals.

When the fibroblast counts (Table 4) for the light-treated

groups were compared with those in the respective controls,

the statistical tests returned no statistically significant

differences, because of the large standard error of the mean

(SEM). Despite the small differences, the fibroblast counts

were systematically higher in the light-treated groups than

in their respective controls. This lack of randomness

suggests that there was an actual increase in the numbers of

fibroblasts in the light-treated groups, and that held for both

observation sites, i.e., shallow and deep regions of the

dermis, as well as for both diabetic and non-diabetic groups.

Qualitative microscopic analysis

The non-diabetic animals (control group) showed normal

wound healing. Moderate epithelialization and numbers of

inflammatory cells were seen in areas of the superficial

dermis. The granulation tissue was less intense at the center

of the wound and more intense at the edges, with few

collagen fibers and few capillaries. In contrast, the treated

groups showed complete epithelialization, represented by a

thin tier of epithelial tissue, predominance of fibroblasts in

the inflammatory infiltrate, and sparse granulation tissue at

the center of the lesion, accompanied by a few collagen

fibers, and sometimes with adipose tissue underneath the

epithelium. In these groups the vascularization was moder-

ate, with congested capillaries.

In the diabetic animals, the control group did not show

any epithelialization. Histological specimens with cell

content predominantly inflammatory cells, with discrete

vascularization and absence of collagen fibers, were

obtained. The treated groups presented histological charac-

teristics that indicated acceleration of the repair process.

The epithelialization was observed to cover half, or even

less, of the wound in most of cases. The inflammatory

infiltrate was frequent but less intense than in the diabetic

control group. There were proliferating fibroblasts, few

collagen fibers and a discrete presence of blood vessels.

The histological characteristics indicated an acceleration

of the cicatrization process by the phototherapy, more

evident in the treated groups of diabetic animals.

Discussion

This study was intended to compare the action of photo-

therapy with that of optical radiation produced by a light-

Table 4 Analysis of the inflammatory cell, vessel and fibroblast cell indexes (area=271.7 μm2) of the control and irradiated groups (non-diabetic

and diabetic animals)

Group Inflammatory cells Vessels Fibroblasts

Shallow Deep Shallow Deep Shallow Deep

Non-diabetic group Control 179±8 139±8a 48.3±3 53.3±3.3 113±10 91.1±13

LED 141±8b 128±9 54.8±3 56.1±3.2 123±14 114±15

Laser 142±8c 128±7 53.8±4 56.3±3.7 121±12 115±13

Diabetic group Control 227±6 192±6 34.3±3f 34.8±3.1f 80.3±15 90.9±14

LED 174±8d 156±7 52.4±4g 45.1±2.3 98.4±15 103±13

Laser 175±7e 156±7 51.1±3h 47.1±2.4 97.0±11 100±13

Data are expressed as means ± standard errors of the means (SEM)
a,b,c,g,hP<0.05
d,e,fP<0.01
aNon-diabetic control vs non-diabetic control
bNon-diabetic control vs non-diabetic LED
cNon-diabetic control vs non-diabetic laser
dDiabetic control vs diabetic
eDiabetic control vs diabetic laser
fDiabetic control vs non-diabetic control
gDiabetic vs diabetic control
hDiabetic laser vs diabetic control

Lasers Med Sci (2009) 24:909–916 913



emitting diode (non-coherent light) and by laser (coherent

light) in diabetic (type 1) and non-diabetic animals. We

consider here the existing evidence that diabetes (type 1

or 2) and phototherapy were factors that, respectively,

retarded and accelerated the tissue repair process. As an

experimental model, we chose the Wistar rat, considering

its ease of handling and its well-known characteristics

regarding the induction of diabetes.

Alloxan was chosen because experimental diabetes

induced by this medicament reproduces, in Wistar rats,

the classical signs of human diabetes, such as glycosuria,

polyphagia, polydipsia, and hyperglycemia, and also

because of its well-known use in the induction of

experimental diabetes.

The follow-up of the animals’ clinical course permitted us

to affirm that the 18 non-diabetic animals progressed without

any significant alteration during the experimental period.

The parameters observed, such as weight and food and water

ingestion, kept within the expected levels for healthy adult

rats. On the other hand, the animals submitted to alloxan

administration showed a significant increase in the glycemia,

with progressive loss of weight, increase in food and water

ingestion, and increase in diuresis. These symptoms are

compatible with the establishment of diabetes [15, 19].

The efficacy of phototherapy in the acceleration of

cutaneous wound repair is widely known. In spite of several

studies in the area, many of them are still contradictory or

do not show positive results for phototherapy [20–23].

Controlled studies comparing laser and LED are scarce, and

studies involving wound healing in diabetic animals treated

with coherent light versus non-coherent light (equal doses)

have not been presented until now. It should be highlighted

herein that coherent optical radiation produced by laser

sources is intrinsically monochromatic and is expected to

be more chromophore specific than the broadband light

emitted by such non-coherent sources as LEDs. Broadband

non-coherent light can simultaneously excite multiple

chromophores and, therefore, might trigger multiple bio-

chemical reactions.

The wound healing process is typically quantified

clinically by the approximation of tissue and its margins,

and most of the studies used the diameter as the parameter

for this verification [11, 15]. Within this perspective, in this

study, the benefits of phototherapy were evident, because

the wound diameters were significantly reduced during a

period of 168 h after surgery in all groups treated with LED

or laser. This reduction was more evident in the diabetic

groups than in the non-diabetic groups, corroborating the

data found in prior studies [11, 24, 25].

In this study the diabetic group treated with LED

demonstrated a significant reduction in wound diameter

72 h after surgery when compared with the diabetic control

group and also with the laser-treated diabetic group. The

results permit us to affirm that the coherent light and the

non-coherent light showed similar effects during the 168 h

after surgery Fig. 1.

In the normal repair process, the period of 72 h

corresponds to the end of activity of the granulocytes and

epithelial cells. In diabetic animals, however, we know that

there is an increase in the numbers of inflammatory cells in

the lesion, with macrophages congested in relation to the

material absorbed [26]. Also, there is evidence that insulin

is a pro-inflammatory hormone and, in its absence, all the

phases of wound repair can be compromised [27]. The

results seen in the LED groups after 72 h of the repair

process suggest the existence of biostimulatory effects of

this non-coherent radiation. These data corroborate those of

authors who affirm that the photochemical effects happen

independently of light coherence, because coherence is lost

in the first extract of skin, before they produce light

absorption by chromophores. There is evidence that both

coherent light and non-coherent light are able to stimulate
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Fig. 1 Course of diabetic ani-
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cell proliferation in vitro, to promote the functional activity

of exudate leucocytes in cutaneous wounds in rats,

stimulating the transition of the inflammatory phase to the

proliferative phase and stimulating the activity of the

superoxide dismutase enzyme and the formation of nitrogen

oxide by phagocytes in the fluid of wounds, decreasing

oxidative stress [28, 29]. These results are very important in

two principal ways: (1) wound healing is improved with

LED therapy, a result which is similar to that obtained with

laser therapy; (2) the effects on granulation tissue are very

important in both DM type 1 and type 2.

Some anti-inflammatory mechanisms of irradiation with

LED in the inhibition of prostaglandin E2 (PGE2) and cyclo-

oxygenase (COX) are known [30] and can also explain the

action of this kind of irradiation found in our study. Beyond

anti-inflammatory effects, phototherapy with LED can in-

crease the synthesis of collagen, having been used for some

time in dermatology for rejuvenation treatment [31, 32].

For some authors, angiogenesis is one of the most

important histological characteristics of granulation tissue

for the process of skin cicatrization [33], since it is evident

in several studies conducted with low-power laser therapy

[34, 35]. Currently, there is evidence that coherence is not

demanded for its establishment [16].

There is evidence that coherent and the non-coherent

lights produce similar effects in biologic tissues. In this

study this fact could also be observed. After 72 h of the

repair process, we observed that the treatment with non-

coherent light from an LED source produced enhanced

results, when compared with the treatment with coherent

laser light. We suggest that this enhanced efficiency may be

related to the broad spectrum of the non-coherent light

source, instead of coherence or light-polarization issues.

The availability of multiple wavelengths may simultaneous-

ly excite multiple chromophores and trigger multiple

biochemical reactions at the same time, which may not

happen with monochromatic laser radiation. It can be

observed that most of the previously reported work

performed with LED sources worried too much about

coherence and forgot about the spectral features of the light

source. In addition, it may also happen in many studies that

the wavelength of the monochromatic laser radiation did

not match the peak response of a target chromophore. In

this sense, wavelength matching for optimum chromophore

response would be warranted by the broader LED emission

spectra. However, further studies are necessary to explain

the physiologic mechanisms involved in these effects.

Conclusions

Irradiation with laser InGaAlP (6 J/cm2 at 660 nm) or LED

(640 nm with 40 nm full-bandwidth at half maximum)

promoted, in a similar way, a slight acceleration of the

cutaneous wound healing process when compared with that

in an untreated group. This effect was observed in both

diabetic and non-diabetic rats, although it was more evident

in the diabetic animal groups.
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