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EFFECT OF VISIBLE LASER THERAPY ON WOUND HEALING
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Abstract. Impaired wound healing is a common complication of diabetes mellitus. -

- We have examined the i i ion ca the
wound healing dynamics by increasing the collagen production in diabetic w using the excision

wound model in diabetic mice model. 60 Swiss albino mice of either sex were used, animals were
induced with diabetes mellitus by intra peritoneal injection of single dose of 180 mg/kg of
streptozotocin (STZ). A full thickness of the excision wound of circular area 250 mm?” and 2 mm
depth was created on the dorsal fur of the animals. Wound was treated with 650 nm diode laser at a
dose of 1.8, 3.6 or 5.5 J/em® for 5 days a week until the wound healed completely. The photo-
stimulatory effect on excision diabetic wound healing was studied by histological examination of
healing area and comparing the mechanical properties of healed skin. It was found that, mice
receiving insulin and laser therapy showed marked increase in collagen production, which improved
the mechanical properties of healed skin, this healing being correlated with the laser dose.

Key words: Wound healing, diabetes mellitus, laser therapy, streptozotocin.

INTRODUCTION

Diabetes is a disease of altered glucose homeostasis and persistent
hyperglycemia leads to advanced glycation end products (AGE) which are primarily
responsible for the damage of cells which have a slow turnover. This abnormality
is the cause of some of the late complications of diabetes manifestation in the form
of tropical ulcer and also vascular abnormality due to autonomic nervous
dysfunction resulting in vascular stasis and poor wound healing [18].

Open wounds have lost the barrier that protects tissues from bacterial
invasion and allow for the escape of vital fluids. Wounds can be acute, as in the
case of surgery, or chronic. Chronic wounds are defined as those which have failed
to proceed through an orderly and timely process to produce anatomic and
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2 Thanaa I. Shalaby et al. 2

functional integrity, or proceeded through the repair process without establishing a
sustained anatomic and functional result [20].

Wound healing and tissue repair are complex processesl that involve a
dynamic series of events including clotting, inflammation, granulation tissue
formation, epithelization, |collage] synthesis, and tissue remodeling [31]. Impaired
wound healing is a common complication of diabetes mellitus. Healing in patients
with diabetes mellitus is characterized by reduced tensile strength of wounds when
compared with controls, suggesting either defective matrix production or
deposition [18].

There is a need to bring researchers together to develop alternative new
therapies to improve diabetic wound healing [30]. Phototherapy has been shown to
positively affect wound healing in diabetic patients [12].

[Gptimally 24, 28].

Low-level laser therapy (LLLT) is also known as photobiostimulation.
Photobiostimulation is a form of phototherapy that involves the application of low-
power monochromatic and coherent light to injuries and lesions in order to
stimulate wound healing. LLLT has been shown to increase the speed, quality and
tensile strength of tissue repair, resolve inflammation and provide pain relief [3,
25]. Clinical studies have shown low energy lasers to be effective as analgesics and
to accelerate the healing of injured tissue [16]. The effect of laser light on target
tissue is dependent on the optical, chemical, and mechanical properties of the tissue
as well as the characteristics of the incident laser beam [9, 22].

It could be shown that low intensity laser therapy (LILT) at adequate
parameters may promote alterations in cellular metabolism leading, for instance, to
an increased proliferation of fibroblasts, faster formation of granulation tissue,
promotion of collagen synthesis, angiogenesis and earlier epithelization [7, 8, 21,
27, 34].

This study aimed to find out the photostimulatory effect of low energy diode
laser irradiation on excision diabetic wound healing dynamics in streptozotocin
induced diabetic mice by measuring the wound healing factor, the mechanical
properties and the histopathological alteration of skin healing area in mice model.

MATERIALS AND METHODS

ANIMAL SELECTION AND CARE

60 Swiss albino mice of either sex, 68 weeks of age, weighing 25-30 g, were
used. The animals were allowed to acclimatize for 2 weeks before experiment. The
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3 Wound healing by laser therapy 3

animals were housed in polyethylene cages inside a well-ventilated room. Each
cage consisted of not more than 5 mice. Mice were fed on pelted chow composed
of 11.2% moisture, 25.4% protein, 4.8% crude fibers, 8.5% ash, and 3.4% fat and
acidified tap water was supplied ad libitum, and housed at normal environmental
conditions (the temperature inside the lab varied between 20 °C to 25 °C), lighting
conditions were natural light per day at the animal facility of Faculty of Veterinary
Medicine, Cairo University.

INDUCTION OF DIABETES IN MICE BY STREPTOZOTOCIN

Diabetes was induced using streptozotocin (STZ) (Sigma). Briefly, a freshly
prepared solution of streptozotocin (180 mg/kg) in 0.1Mcitrate buffer, pH 4.5 was
injected intraperitoneally (i.p.) as a single dose, after a fasting period of 12 hours.
Blood glucose levels were determined 48 h after STZ administration using a blood
glucose monitoring system. If the blood glucose level is >300 mg/dL, the animal
was considered to have successful induction of diabetics [31].

EXCISION WOUND MODEL

Animals were anaesthetized prior to and during creation of the wounds. The
dorsal fur of the animals was shaved with an electric clipper, and the anticipated
area of the wound to be created was outlined on the back of the animals with
methylene blue using a circular stainless steel stencil. A full thickness of the
excision wound of circular area 250 mm” and 2 mm depth was created along the
markings using toothed forceps, a surgical blade and pointed scissors, the entire
wound was left open.

ANIMALS GROUPING

The animals were randomly divided into the following groups:

1-Group (1): Diabetic free, (10 mice) served as control group injected with
citrate buffer (pH 4.5).

2-Group (II): Diabetic induced (50 mice), this group was subdivided into 5
subgroups each of 10 mice.

— Subgroup (IIA) Diabetic induced group without treatment.

— Subgroup (1IB) Diabetic induced group treated with insulin only.

— Subgroup (IIC1) Diabetic induced group treated with insulin combined
with laser with a dose of 1.8 J/cm” for five days /week until the complete healing.

— Subgroup (IIC2) Diabetic induced group treated with insulin combined
with laser with a dose of 3.6 J/cm? for five days /week until the complete healing.
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— Subgroup (IIC3) Diabetic induced group treated insulin combined with
laser with a dose of 5.5 J/cm? for five days /week until the complete healing.

LASER THERAPY PROTOCOL

The method of irradiation was standardized before the experiment. The non-
contact method (6 mm distance from the wound surface) was found to be accurate
for irradiation in wound healing. For the laser irradiation experiments, the excision
wound was treated by a low power diode laser (650 nm, total output power of 60
mW, Photon Comp. Egypt) with a constant spot of 1 cm®. The wound area was
divided into three parts using a marker, each part was exposed to laser for the
desired time to achieve the desired fluency, then laser probe was rotated to cover
the second part for the same time and so on to cover the wound area. In each laser
group the dosage was calculated using the following formula:

D =pxt/A (1)

where: D = dose measured in J/cm?; p = laser output in mW and it needs to be
converted into watts; ¢ = treatment time in seconds; A = area of the wound
measured in cm’.

During our present study, with different doses of laser beam (1.8, 3.6 and
5.5 J/em®) and at different phases of healing, the time taken for irradiation of the
wound was 0.5, 1 and 3 minutes.

THE EXPERIMENTAL OBSERVATION AND MEASUREMENTS PROTOCOL

The wounds were observed for the contraction (healing) by measuring the
wound healing factor, measurement of the mechanical properties of the skin and
histopathological examination

The wound healing factor (H.F.) was calculated from the relation:

HF initial wound area — final wound area

x 100 )

final wound area

For measurement of the mechanical properties of the healed skin, tensile
testing machine (Force meter BG500, USA) was used. A sample was spaced 40
mm between the jaws of the machine and stretched to failure by the tensile testing
machine. Load-deformation curve, tensile strength, strain and Young’s modulus of
elasticity were recorded by a computer program (Mark-10).

Histopathological examinations: Three mice from each group were dissected
after 5, 10 and 15 days to get tissue. The tissues were fixed in 10% neutral-buffered
formalin and embedded in paraffin by the usual methods. Sections were stained
with haematoxylin and eosin (H.E.) and van Gieson (VG — collagen staining) [31].
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5 Wound healing by laser therapy 5

RESULTS

Our results revealed that low level diode laser is found to be effective in
diabetic wound healing. The laser-treated group was healed better and faster when
compared to the control group, this healing was correlated with the laser dose.

The wounds of control mice are healed completely after 21 days without scar
formation comparing with untreated diabetic mice which suffered wound infection,
while diabetic mice treated with insulin only showed delayed healing through this
period of time (21 days). On the other hand, the wound of diabetic mice treated
with insulin and laser healed after 15 days without scar formation.

HEALING FACTOR

Table 1 shows the relation between healing factor percentage and treatment
time of control group and that treated with laser with different doses, through
21 days. Healing factor of different groups increases with increasing of the
treatment time as shown in Fig 1. Healing factor of the diabetic mice treated with
laser dose of 5.5 J/cm® in conjugation with insulin shows a healing factor nearly
equal to that of the normal group.

== Healing factor =fl— Hialing factor {eap . 11C1) Healing factor {exp 11C2) == Healing factor (exp 11£3)
100

20
){,CV i
= @ —A
&0
40
/ 3
20

Healing factor®

-20
time [days}

Fig. 1. The relation between healing factor and treatment time of control group (diamond) and that
treated with laser with different doses through 21 days, (square) treated with laser dose of 1.8 J/cm?,
(triangle) treated with laser dose of 3.6 J/em® and (x) treated with laser dose of 5.5 J/cm®.
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Table 1

The calculated healing factor (H.F.%) of control and laser treated groups through 21 days
(n =10 in each calculation)

Treatment time HF. HF. HF. HF.
(days) (control gp.) | (1.8 J/em?) (3.6 J/em?) (5.5 J/em?)

1 0 0 0 4+02

5 52+3 20+ 1.4 24+15 44 +2

10 68+3.1 52+2.7 52+3 75+3

15 90+ 4.2 60+3.5 70+4 87 + 4

21 95+ 4.4 65+ 3.6 73+ 4 94+5

MECHANICAL PROPERTIES OF SKIN OF DIABETIC MICE TREATED WITH LASER

Mechanical properties of skin of control and experimental groups are shown
in Fig. 2. It was difficult to measure the mechanical properties of the skin of the
untreated diabetic mice (Group IIA) because their skin was brittle. Table 2
summarizes tensile strength and ultimate strain of the healing skin of different
groups after 21 days. Increasing of the laser exposure dose improves the skin
wound healing and the mechanical properties of the treated skin of the diabetic
mice. Improving of the mechanical properties of the treated wound skin appears as
increase in the ultimate strain (Fig. 3) and tensile strength (Fig. 4) and decreases on
the Young's modulus of elasticity (Fig. 5).

Table 2
Tensile strength and ultimate strain of the skin of different groups (n = 10 in each calculation)
Groups Tensile strength (MPa) Ultimate strain
Group (I): Control group 50 0.4

Group IIA Not measured Not measured

Group IIB 20 +2.65 0.2+0.017

Group IIC1 30£3.2 0.22+0.019

Group IIC2 40+4.1 0.32 £0.021

Group IIC3 50+5.4 0.42 +£0.033
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Fig. 2. Stress-strain curve of the skin of control and diabetic induced mice treated

with different doses of laser.
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Fig. 3. Relation between laser energy dose and ultimate strain.
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Fig. 4. Relation between laser energy dose and tensile strength.
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Fig. 5. Relation between laser energy dose and Young's modulus of elasticity (MPa).
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HISTOPATHOLOGICAL EXAMINATION

Diabetic induced mice skin showed degenerated epidermis with necrotic
dermis five days after induction as shown in Fig.7a, delayed epithelization with
minimal collagen formation ten days after treatment with insulin only (Fig. 7b).

l\. "n t'h\'!
'h'l Lt

T ‘[-',5\. & .{;“ a?.\\\\* (b)

Fig. 6. Cutaneous sample of a control mouse showing normal epithelium
and subepithelial collagen fiber: (a) H.E stain, (b) Van Gison x100).

(b)

Fig.7. Cutaneous sample of diabetic mouse (a) after 5 days of induction without treatment,
showing degenerated epidermis with necrotic dermis (b) after 10 days, treated with insulin only,
showing minimal increase in collagen in subepithelial tissue (H.E. x100).
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Fig. 8. Cutaneous sample of diabetic induction mouse, (a) 5 days after treatment with insulin and laser
(1.8 J/em?) showing loose epidermis, (b) 10 days after treatment with insulin and laser (1.8 J/em?)
showing moderate increase in collagen fibers (H.E. x100).

Fig. 9. Photomicrograph of mice skin of diabetic induction, (a) treated with insulin and laser
(3.6 J/em?), (b) treated with insulin and laser (5.5 J/cm?) to demonstrate collagen fibers after 15 days
(Van Gison, x120).

Diabetic induced mice receiving insulin and laser dose (1.8 J/cm’=5.5 J/cm?)
showed marked improvement in wound strength and healing due to increase in
formation of collagen fibers and activity of the epithelial covering. The
histopathological examination of laser treated skin showed moderate increase in
collagen production with low laser dose (1.8 J/cm?®) as shown in Fig. 8, when
compared to control (diabetic free) mice skin (Fig. 6). The production of collagen
increased as the dose of laser increased (Fig. 9).
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DISCUSSION

collagen
Many of the chronic complicati diabetes involve defects in connective
The wound healing abnormalities of

diabetes results from several causes [5].
cells for normal aerobic metabolism, oxidation of amino acids for caloric needs
results in amino acids and protein depletion. When glycogenolysis and
gluconeogenesis fail to provide glucose to meet the energy requirements for
fibroblasts and leucocytes, they become dysfunctional and impaired wound healing
results. The poor wound healing of diabetic has been shown to be associated with a
decreased amount of collagen fibrils and collagen production [10].

This study demonstrates that low energy lasers (1.8-5.5 J/ cm?) enhance
wound healing in induced diabetic mice as evidenced by measuring the wound
healing factor, the mechanical properties and the histopathological analyses of the
healed skin of the laser treated groups and control group.

In our study, the effect of laser therapy was more effective in the treatment of
insulin treated animals at a dose of 5.5 J/cm®. Marked improvement in wound
strength and healing due to increase in formation of collagen fibers and activity of
the epithelial covering in mice receiving STZ and treated with insulin followed by
laser phototherapy are shown in Fig. 6b.

LLLT has been shown to speed up the time needed for wound closure in
people with diabetes [23], with the use of LLLT there is improved wound
epithelialisation, increased cellular content, increased granulation tissue formation
and increased collagen deposition [26, 35]. There is a decrease in the inflammatory
reaction [8], and a stimulatory effect on the immune system [14, 15].

The mechanism by which laser photostimulation facilitates collagen
production in diabetic wound healing was not clear. This effect may involve a
variety of photo-stimulating mechanisms. It is mainly because the laser energy at
certain frequencies can modulate cell proliferation and release the growth factors
from fibroblasts. The other mechanism of photostimulation was that the
mitochondria are photoacceptors for light energy. The absorption of energy by the
respiratory chain may cause oxidation of NADH, producing changes in the redox
status in mitochondria and cytoplasm. The activation of electron transport chain
results in an increase in the electrical potential across the mitochondria membrane,
an increase in the ATP pool, and finally the activation of nucleic acid synthesis. It
also enhances the pro-collagen production, increases cross-linking of existing
collagen molecules, acceleration of epithelial repair, and early growth of
granulation tissue [6].
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As previously stated, the action of laser on tissues depends on the duration of
emission of the different energy densities, and on the application area. Therefore, if
these parameters are not duly verified and/or calibrated, treatment may be
ineffective, compromising therapeutic success [33].

[11,13].

The magnitude and the specificity of changes in collagen production in
diabetic wounds demonstrate that collagen is more responsive to the altered
conditions of diabetes than it was previously suspected. Within 2 weeks of the
onset of diabetes, collagen production was decreased to 50% compared to that of
the non-diabetic group. With higher plasma glucose levels, there was a lower
relative rate of collagen production in the tissue and at every level of
hyperglycemia; collagen was decreased to a greater degree than non-diabetic tissue
[16]. Diabetic animals have been shown to have poor wound healing and this has
been associated with a decreased amount of collagen [10].

The histopathological findings of our study suggest a massive production of
collagen fibers in the irradiated tissues after 15 days of laser treatment.
Interestingly, wounds irradiated with the dose of 5.5 J/cm” showed collagen fibers
more organized and a thicker epithelial layer than those irradiated with 1.8 J/cm?
(compare Figs. 8b and 9b). This may explain the improvement of the mechanical
properties (increase in ultimate strain and tensile strength as shown in Figures 3
and 4 and a decrease in Young's modulus of elasticity, Fig. 5) of the laser treated
skin.

Stadler et al. [29], using an 830 nm diode laser, showed an increased tensile
strength during skin repair in the irradiated groups in a diabetic murine model.

Insulin treated mice presented a more organized pattern of collagen fibers
ERERRRN untreated mice showing earlier maturation and larger proliferation of
fibers and the coupling of both insulin treatment and phototherapy in
improvement of wound healing.

the anti-inflammatory effect of insulin is
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We conclude that photobiostimulation promotes tissue repair by accelerating
the production of collagen and overall connective tissue stability in wound healing.
LLLT was shown to enhance cutaneous wound tensile strength. Low-level laser
irradiation could improve wound healing in mice with diabetes. We demonstrated
that laser irradiation enhanced wound closure over time; histological evaluation
indicated improved wound epithelialisation, cellular content, granulation tissue
formation and collagen deposition as compared to the control group. Our results
revealed that low level diode laser is found to be effective in diabetic wound
healing. The laser-treated group was healed better and faster when compared to the
control group, this healing being correlated with the laser dose.
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