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Abstract

Conventional treatment modalities usually fail to heal wounds in diabetic
animals. Photomodulation of the wound bed using low-level laser has proved its efficacy
in treating chronic wounds. Considering the fact that the majority of the diabetic wounds
end up in amputation of affected part and reduce the quality of life of the patient, the
present study was undertaken to find out the efficacy of gallium arsenide (GaAs) laser
in the healing of full-thickness cutaneous wounds in type 2 diabetic rat models. The
study was conducted in six adult male Wistar rats with an average body weight of 150
g in which hyperglycemia coexisting with hyperlipidemia was induced. Two wounds of
1 cm? area were induced of which left side wounds served as the control and right side
wounds were treated with GaAs laser at 4J/cm? area for one minute continuously for
four days.
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Changes in the way of life of human beings have led to the development of a variety of
lifestyle diseases. Since in modern times pets are like family members, the situation applies to them
also. Wounds in diabetic patients are difficult to heal due to diabetic neuropathy and degraded
growth factors. Management of such wounds require unconventional or modern treatment
modalities so that healing of the wounds can happen fast. Low-level laser therapy (LLLT) involves
the use of a laser of wavelengths between 500 and 1100 nm and typically involves the delivery of
1-4 J/cm? to the treatment site having output power between 10 and 90 mW (Hawkins et al., 2005).
Photomodulation of the wound bed with low energy laser has been proved efficient in bringing
about healing of the chronic wounds. (Varghese, 2002). Irradiation of the wound bed using low level
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laser at appropriate doses cause stimulation of
cell function, producing biological, chemical
and physical effects without thermal effects
(Posten et al., 2005) This in turn promotes
wound healing.

In diabetic wounds, infection and
inflammation leads to imbalance of protease
and reactive oxygen species, degradation
of essential growth factors, the ability of
angiogenesis is impaired and cell recruitment
to the wound sites is inhibited. This in turn is
found to delay wound healing. Considering the
above, a study was conducted to find out the
efficacy of gallium arsenide (GaAs) laser for the
management of wounds in type Il diabetic rat
models.

Materials and methods

The study was approved by the
Institutional Animal Ethics Committee of College
of Veterinary and Animal Sciences, Pookode
of Kerala Veterinary and Animal Sciences
University (IAEC/ COVAS/ PKD/16/2019 dtd.
17/01/2019).

Ten adult male Wistar rats with an
average body weight of 150 g were randomly
selected for the study. Hyperlipidemia was
induced by feeding a high-fat diet for three
weeks as per Suman et al. (2016) in all the
rats. The high-fat diet was prepared by mixing
standard rat diet, raw cholesterol, and a mixture
of vanaspati and coconut oil in the ratio of
2:1. Two per cent of raw cholesterol powder
was mixed in coconut oil and was also fed
orally at the dose rate of 3 mL/kg body weight.
Hyperlipidemia was confirmed by estimating
serum total cholesterol levels after three weeks.
Diabetes mellitus was induced by a single
dose of streptozotocin at the rate of 40mg/kg
body weight given intraperitoneally. Diabetes
mellitus was confirmed by estimating blood
glucose levels after three days. Two wounds
of size 1cm? area each were created on either
side of the body in the thoracolumbar region
under general anaesthesia. The wound bed
was irradiated with GaAs laser at 4J/cm? for 1
minute for four consecutive days followed by
dressing with povidone-iodine lotion till the end
of the observation period. Control wounds were
treated with povidone-iodine lotion until the end

of the study. Observations were continued till
both the wounds healed completely.

Healing of the wound was assessed
by monitoring the factors as suggested by
Reddy et al. (2012) which included nature of
wound edges, presence of necrotic tissue,
nature of exudate if present, tissue oedema
and induration, amount, colour and texture of
granulation tissue and epithelialisation. Wound
surface area was estimated by the method put
forth by Jothi et al. (2007) in which the wound
area was plotted on a graph paper and counted.
The rate of wound contraction was estimated
by the formula put forth by Kirubanandan and
Sehgal (2010)

Results and discussion

Hyperlipidemia could be induced with
the feeding protocol adopted in this experiment.
The total cholesterol value ranged from 123
- 278 mg/dL with a mean of 181.57+ 20.09.
The high cholesterol level was maintained
throughout the period of observation. Diabetes
mellitus was effectively induced with a single
intraperitoneal injection of streptozotocin at
the rate of 40mg/kg body weight. The serum
glucose levels ranged from 203- 584 mg/dL
with a mean of 358.29+18.25. The high glucose
level was maintained throughout the period of
observation.

According to Grey et al. (2006) the
edges of a healthy healing wound slops towards
the centre whereas that of a non-healing wound
will be either punched out or rolled out in nature.
In the present study, both the treated and the
control wounds showed a sloping wound edge
which indicated that the wound was healing.

In the present study, the condition of
the wound was assessed by monitoring the
colour of the wound bed. As per Grey et al
(2006 wound could be considered healthy and
healing when the wound bed is pink in colour
whereas unhealthy if the wound bed is dark
red or maroon. All the wounds in the treatment
site remained pink in colour indicating that the
wounds were healthy and healing whereas the
control wounds were dark red during the initial
days of observation indicating an unhealthy
initial phase.
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Grey et al, (2006) suggested that
the amount of granulation tissue present in the
wound during the healing phase determines the
healing rate. It should be moderate to mediumin
a healing wound. The wound will not heal if the
quantity of granulation tissue is minimum and
can become a Keloid if itis heavy. In the present
study, the amount of granulation tissue in the
treated wounds were moderate to medium
whereas, it was minimum in control wounds.
Similar findings were observed by Lazovic et al.
(2005).

Epithelialisation and generation of
epithelium over a wound is the final stage of
healing. Epithelial tissue which is light pink in
colour, migrates inwards from the wound edges
or may appear as small islands of tissue over
the surface of the wound (Fraser, 2020). The
treated wounds in the present study started
epithelisation by day five but was minimal
except in rat 8 in which it was moderate. In
rats 21, 17 and 18 maximum epithelisation
could be noticed by day 9. In control wounds,
epithelisation started by day seven, which was

minimum. Similar observations were made by
Lavozic et al. (2005), Mitra et al. (2015), and
Karri et al. (2016).

The wounds were mapped onto a
sterile transparent sheet and the area was
estimated by graphical method. The wound
surface area (cm?) is presented in table 1.
Wound surface area was statistically analysed
using one-way ANOVA The wound surface area
did not differ significantly between the control
and treatment groups on day zero. The surface
area showed significant (p<0.05) difference
between the control and treatment groups
during the subsequent days of observation and
it was highly significant (p<0.01) on days five
and seven.

The rate of wound contraction was
estimated using the formula ((A-A )/A,) x 100
where A, is the wound area in day zero and A,
is the wound area in n' day.

On day three, the mean rate of wound
contraction (%) on control side was 17.34+5.07,

Day 0 Day 3

Day 7 Day 11

Treatment

-

Control

Fig.1. Gross morphology of wounds

Table 1. Wound Surface area (cm?) n= 10

Day 0 Day 3 Day 5 Day 7 Day 9
Control Wound 0.97+0.38 0.79+0.03 0.48+0.06 0.20+0.04 0.05+0.01
Treatment Wound 1.04+0.02 0.68+0.09 0.31+0.06 0.13+0.03 0.01+0
T value 1.39m 1.21m 2.28 2.90° 4.347
P value 0.22 0.31 0.09 0.03 0.007

ns-non-significant at 0.05 level; * - significant at 0.05 level;** - significant at 0.01 level
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and on the treatment side it was 24.22+8.05.
On day five, the rate of wound contraction was
49.37+7.67, 55.43+5.11, in control and treated
wounds, respectively. The rate of wound
contraction onday seven was 78.55+5.59 for the
control wounds and 86.69+3.79 for the treated
wounds. The rate of wound contraction (%) on
day nine of control wounds was 94.17+2.03
and that of treated wounds was 98.19+1.25.

The average time of complete healing
of treated wounds was 8.8 + 0.33 days and
on control wounds, it was 10.4 + 0.40 days
(p<0.01).

Conclusion

Based on the present study the wound
treated with GaAs laser took lesser time to heal
compared to that of the control wound. Wounds
treated with GaAs laser healed comparatively
faster than the control wound. The size of the
treatment wound significantly reduced from the
day 5. Laser treated wound completely healed
on day 9. However, the control wound healed
completely only after 12 days.
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