Effect of Low-Power Helium-Neon Laser Radiation on the Healing
of Deep Second-degree Burns in Rats

Mohammad Bayat, PEDE 2 Mohammad Mendi Vashegharsi, M.5¢.%, Naser Razavi, Ph.D.%
Sudabeh Taheri, M.5¢.™. Mohammad Rakhshan, M.0.%
% Anatomy Department, Medical Sciences # Faculty of Faramedical Sciences, Shaheed Beheshti University of Medical Selences
# Microbiology Department, Medical Faculty, Shaheed Beheshti University of Medical Sciences
o * Fathology Department, Medical Faculty, Shaheed Beheshti University
% P.0.Box: 19395.4719, Cell and Molecular Biology Research Center, Medical Facully, Shaheed Beheshti
University of Medical Sciences, Tehran, Iran

Abstract
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Introduction: This paper presents the results of a study on the effects of two different
doses of low-power laser irradiation on healing of deep second degree burns,

Material and Methods: so rais were randomly allocated to cne of four groups. A
deep second-degree burn was inflicted in each rat. In the control group (CG) burns remained
untreated; in Groops LG1 and LG2 the burns were irradiated with low-power Helivm Neon
laser with energy densitics of 1.2 Jjem® and 2.4 Jjem® respectively. In the fourth group (G4) the
burns were treated topically with (L2% nitrofurazone cream. The response 1o lreatments was
assessed histologically at 7, 16 and 30 days after burning and microbiologically at Day 15,
Results: The number of macrophages and the depth of rew epidermis was signilicantly less
in the laser treated groups compared 10 control and nitrofuorazone treated aroups,
Staphylacoccus epidermidis was found in the wounds of all rats in the laser treated groups.
Conclusion: teradiation of deep second-degree burn with low-power laser produced no

beneficial effects an healing of burns.
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Introduction

Thermal burmns are less comman than cther forms
of trauma but produce more severe physiological
stresses than other forms of traumatic injury. It is
estimated that annually two million people suffer burms
in the USAa [1). Low-power lasers have recently besn
investigated for stimulation of cell activities involved in
the wound healing process. A number of effects have
been claimed;, these include increase of ATP
production (2], increase in mitochondrial membrans
potential {(3) and its activity (4), transformation  of
fibroblasts into myofitroblasts (5) and proliferation of
keratinocytes in witra  [6). In laboratory  animals,
biostimulation of the wound hesling process by laser
iradiation has been reported to include, stimulation of
fibroblast proliferation, increased reepithelizlization and
collagen symhesis and granulation tissus formation,
accelerated wound closure, improved tensile strength
of scars and faster healing of burns (7-11). QOther
studies have reponed a bactericidal effect of low-power
laser irradiation in vitro (12-14). However a number of
invastigators found no improvement in wound Realing
and healing of burns (15-20). Clearly there is no
consensus on the effects of low-power laser treatment
in wound healing, Because ourn nhealing studies have
usad various types of low-power lasers with different
wavealengtns, laser power and stimulation doses no
clear recommendation can be made regarding the type
of lazer and wavelength. There have been no
published reports on the effect of low-power He-Ne
lager with a wavelength of 6324 nm on deep second
degrea burns, Therefore, the aim of the present study
was 1o examine the influence of laser iradiation with 2
832.4nm10 mW low-power He-Ne laser on the healing
histo-pathology  and microkial flora of deep second

degree bums in rats.

Material and Methods

Sty male adult wistar rats weighing 250+30 g kept
in separate cages and fed ad libitum were used in the
experiment. On day zero, each rat was anesthesized oy
inframuscular  injection of 50 mo'kg  ketaming
hydrocholoride, with 5 mg/kg diszepam and held in &

special box which had a 3 = 3 cm hole. The back of
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each rat was exposed for three seconds, via the 3x3
cm hale, 1o the external lip of a cylinder 22 mm in
diameter cormnected to 2 source of boiling  water,
Histalagical examination showed that the epidermis
and most of the of dermis were burned
The animals were randomly divided intc four groups.
Cantrol group rats [CG) ware left untreated, The rats in
Groups LG1 and LG2 were exposed each day 1o 1.2
and 2.4 Jlemd low-power laser light respectively, The
specifications of the laser used (made by [ranian
Alomic Energy Agency, Tehran lran) are shown in
Tahle 1. To administer laser treatment, the tip of the
laser source was in light cortact with the surface of the
burn and directed perpendizularly o the targe? tissue
far the designated time (21). The _rats of the fourth
group (G4) were treated cally with topical 0.2 %
nitrofurazene cream (Tehran daru co., Tehran, Iran). Of
the 1% rats in each group 5 were killed by choloroform
¥ days afier burning, 5 16 days after burning and the
remainder 30 days after burning. A sample  for
nistalogical examinagtion was excised from the bumn
ned of sach rat, fixed in formal saline and embeddad in
paraffin blocks, Sagitial sections were cut and stained
with haematoxylin and eosin, Ten zones from each
sample were examined morphometerically using a
calibratad ocular on a Mikon light microscope at a
magnification of 400 times for counting fibroblasts,
macrophages, neutrophils and blood vessels sections,
The depth of new epidermis and new dermis
igranulation tissus) were measured at 10 points, The
data were subjected 1o analysis of variance [ANOWVA)
and expressed as means = 30, Multiples comparisons
were performed by least significant difference (LS0D)
tast. P < 0,05 was considered statistically significant,
At day 15 microbiological samplas were taken fram
the burn sites of all rats, cultured and tested for
identification of Staphylococcus epidermis and subtilis
and  staphylococcus  aureus  and  Pseudomonas
aeruginosa using the methods originally described by
Fingold and Martin {22%, Baron and Fingald {23). and
Brook et al (24). Data for each organism  wera
compared between groups of rats by Exact Fisher test.
A futher comparison was made between treatment

grauns far crganisms assumed 1o be non-pathogenic




(Class 1- Staphylococcous epidermis and subtils) and
for organisms assumed to be pathogenic (Class2-
Staphylococous ELMRUS and PEeudomonas
garuginoss). Data of classes one and two were
slatistically comparsd using Mann Whitrney U test.

P <05 was considered statistically significant.

Results

Statistical analysis of histological features (Figs 1, 2
and 3} showed that there werg significant differences
between groups in macrophage counts & day 16
(F=15.189. Sig= 0.000; Figt). Analysis by LSD,
revealed significanm differences between the control
groun (CG) and laser trested groups (LG1 and LG2),

There were alzo significant differences between
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groups in depth of new epidermis at day 30 [F=7.269,
Sig= 0.000; Fig 3) and LSD analysis revealed
significant differences between the fourth group [(G4)
and other groups and between the control group (CG)
and first laser group (LG1).

Statistizal analysis of the incidence of microbizl
florg (Table 2} showed that thers were significant
between

differences incidence  of

groups.  The
diffared

betwean the control group [(CGE) and the fourth

Staphylococous  enidermidis significantly
group(Gd) and betwesn the first laser group (LG1) and
the fourth group (G4) (P=0.048). The incidence of the
first class of bacteria differed significantly between the

fourth group and other groups {(P= 0.014).
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Table 1: Specifications of the low-power laser wsed

Laser saures: W m% Heliem - MNaca laser tebe l

Waveenpin &1LE nm

Fregueray: conlinusus

Tirning: 120 s.:t.".'m'-'!-n:'n:.- far frst laser group

0 seciemiay for sceend lassr froup

rediniian: Cirid Tecknigue [21)
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Table 2 Mumbers of ratq from which bacrera were culiured
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- Between staphylococens epidermidiz of control group and Tourth group, hirst laser group and fourth group

[p=t048),

- Between first class of bacteriac of fourth group and other groups {p=0.014},

- Hetween second olass of bactenae of nitrofurazone group (G4)] and other groups (p=0.045]

The incidence of the second class of bacteria
differed significantly between the fourth group and
other groups (F= 0.048),

Discussion

Findings from the current study demonstrated that
laser iradiaticn decreased the number of macrophages
at day 16
decreased the depth of new epidermis at day 30 in

in comparison 1o control group  and

comparison  with contrel  and  nitrofurazone  treated
groups. These findings indicate that irradiation of burns
with low-power laser produces no bensficial effect on
healing of burns and are in agreement with those
demonstrated previously by Cambier et al {18) and
Schlager st al studies (19, 20). Howsver there are
several reports on positive effects of laser on wound
healing {8-10). The reasons for this diversity may be
the different milieu and microenvironments associated
with cutaneous wounds (25) and bums (26) and
variations in the application is
suggested that in the present study healing of the

burns was not accelerated by exposure to laser light

of laser light. N

because there were no normal cells in the burn area,
This may not have been apparent when Schiager et al
(19) and Camber et al (18} evaluated healing of burns
macroscopically, Schlager et al in another study
evaluated healing of burns both macroscopically and
histologically. Cambier et al used a Helium Neon laser
.21 Jicm® and a Gallium-Arsenide laser (0,75 Jom)

in ofne of two burns (surface, 2 om?) that were inflicted

in each rat, Schlager et al in one study used 670 nm
low-power laser (2 Jicm®) with 250 mW outpul, two
different lasers with wavelengths of 835 nm and 690
nm, and energy density of 2 J/cm?® in both cases, and
outputs of 30 mW and 12 mW respectively. Schlager et
al inflicted two burns (surface 1.54 cm?) in each rat and
irriadiated one of the burns, In spite of the clinical
impornance of burn depth (273, in these studies {18 20)
the depth of burm is unknown and no explanation of
the negative results was provided. The results of the
present study and of Cambier et al (28) are similar.
However there have been some favaurable findings
on the effect of laser light on healing of burns. Mester
et al {10}, using 2 ruby laser (B94.3 nm) with 0.2 Jicm?,

5

1 Jlemd, Jiem* oand 10 Jjoem® ensrgy  densities
(doses) on third degree burns in mice, found a
significant effect of the 1 Jlem?® dose but not the other
doses on reepithelialization. Rechkind and colleagues
{11) found aceelerated healing of burms after treatment
with a HeMNe laser (10 Jiom®, It is note worthy that
both  Mester al and

et Rochking  and  colleagues

reponed beneficial effects of the laser reatment despite

their use of widely differing energy densities [le 1
Jiom versus 10 Jicm®).
In the present study, tlopical application of

nitrofurazane cream on burns significantly increased
the depth of new epidermis at day 30 (Fig 2). Because
of the role of epithelialization in covering the wound
{29) it seems that this finding is imponan. However the

application of this cream to bums had no other
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significant  effect on healing. The microbiclogical
did not

reduce the incidence of bacteria in the burns and the

examinations showed that [aser treatment
application of nitrofurazone cream did not comoletely
inhibit the growth of Staphylocooous aureus.
Staphylococcous  epidermidis  is a  comman
inhakitant of human skin (30) and it is not pathogenic
in the skin atthough ¢ can infect native and prosthetic
heart valves, catheter and shunts, and prosthetic joints
{31). Its presence in laser treated bums can be
considersd of no clinical impanance. In conclusion we
found no acceleration of healing of desp second
treatment  with

degree bums i h2akhy rats  after

lvw-power Helium Meon laser irradiations at energy

densities of 1.2 Jem2 or 2.4 Jfem2 It is suggested
that future investigations of laser ireatment of burns
might examine the effact of treatment on commen
species of bacteria that have bDeen added to the
wounds, and the influence of photosensiizing agants
an the respanse.
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