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Abstract

This study was designed to determine the effect of diode laser alone and in
combination with cefotaxime and povidone-iodine (as photosensitize) on wound
healing. Wounds (1 cm in length were induced in the backs of the mice). Wounds
were infected with S, aureus. Wounded mice divided to nine groups and treated by
laser (as one exposure for 0.5, 1, 2, 3 minutes each three days), cefotaxime alone,
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povidone iodine alone, povodine iodine and cefotaxime, povodine iodine and laser,
cefotaxime and laser, and laser- cefotaxime- povodine iodine combination. Laser in
combination with either povidone iodine or cefotaxime significantly accelerate
wound healing compared with other groups. The best significant results were
obtained with the using of laser- povidone iodine- cefotaxime combination. Laser
exposure also minimizes the minimum inhibitory concentration of the antibiotic
againg S aureus when it exposed to it. The best period of exposure in vivo was
found to be 0.5 min once exposure each 3 days. The acceleration of wound healing
induced by laser could be attributed toone or more of the following its bactericidal
effect on the contaminated microorganism, its effect on the pathogenicity of these
organism, changing of resistance pattern of the contaminants, or its interference
with the events participated in wound healing and subsequent increase in the rate of
the healing. This study proved that laser is a good therapyfor healing injuries;
therefore clinical trials are required to assay its efficacy in human being.

I ntroduction

Photodynamic therapy (PDT) is based on the dye- sensitized photo oxidation
of biological matter in the target tissue Y. This requires the presence of a dye
(sengitizer) in the tissue to be treated. Although such sensitizers can be naturally
occurring constituents of cells and tissues, in the case of (PDT), they are introduced
into the organism as the first step of treatment. In the second step, the tissue-
localized sensitizer is exposed to light of wavelength appropriate for absorption by
the sensitizer 4.

Laser has found enormous applications in various fields of biology and
medicine®*. The biological effects of laser radiation have been studied for years,
low-energy laser beams can be used as assimilative tool in the living system 1.
Such radiation can interact with biological substances at various molecular and
atomic and macroscopical changes !> ® . Repeated exposure to low- energy red
laser beams was observed to have a stimulatory effect on healing in severa types of
wounds .

The aim of the study is an attempt to assess the therapeutic effects of laser
with and without photo sensitizer (povodine iodine) and cefofaxime in the rate of
healing of the experimentally induced...wound in mice.

Materialsand Methods
Antibiotic susceptibility testing:

A loopful growth from al bacterial isolates was inoculated into nutrient
broth and incubated at 37°C for 18 hrs. The bacteria suspensions were diluted with
a sterile ringer solution. The proportion of dilution was 1:1000. One ml of bacterial
suspension was poured on to the surface of the Mueller Hinton agar plate (Oxoid,
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U.K), and left for ten minutes to settle the bacteria. The excess of bacterial
suspension were discarded using Pasteur pipette. The plates were kept for one hour
at room temperature to dry, were used by sterile forceps which flamed after being
cleaned with alcohol. The diameter of inhibition zones was measured utilizing the
method of Bauer et al 7.

Determination of minimal inhibitory concentration (MIC) of antibiotic for S.
aureus,

A doubling dilution of each antibiotic in Mueller Hinton ager plates A
loopful of each S aureus cultures was inoculated into tubes containing sterile
nutrient broth and incubated overnight at 37°C. Dilution of broth cultures was done
up to 100- fold with nutrient broth. All the tubes were inoculated with diluted broth
cultures of S, aureus and incubated at 37°C for 24 hrs. The results were read to the
end of visible.

I dentification of Staphylococcus aureus.

The suspected colonies of Staphylococcus aureus identified following the
conventional method ™7
Theeffect of laser light exposure on S. aureusin vivo:

Animals

Four hundred and twenty Swiss albino mice of 25 gm weight were taken
from the laboratory of the biological and pharmaceutical quality control (Baghdad).
They were housed in the animal house of Tikrit collage of medicine. The animals
were kept at room temperature adjusted to 25°C; they were allowed food and water
ad.libitum ™.,

Laser:

The laser diode with measured output at 5mW (laser Beacon, |.N.C.
Michigan, U.S.A) was used in the present study.

Photosensitizers:

Povidon —iodine (1.C.I, Britain) was used in concentration of 16ug/ml.

One day prior to infection, mice were anesthetized by ether anesthesia 2%
the back of the mice were closely shaved with a fine-tooth electric clipper. On the
day of infection, wounds were produced on the backs of reanesthesized mice ¥ by
making a longitudinal midline incision one cm in length and extending down to the
paniculus carnosus. The wound was infected by taking a drop of Pasteur pipette by
seeding containing 105 CFU of S. aureus 2.

Treatment design:

After induction of the wound mice were divided into nine groups as follows:
1 - First group: 80 mice were subdivided into 4 subgroups and treated as follows:

a- First subgroup: 20 mice were treated by intramuscular injection of 3 mg
cefotaxime (16.67 mg / kg B.W. /day) as a single daily injection. The
wound was flooded with photosensitizer ( povodine iodine) and exposed to
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8-

laser radiation for 0.5 minute, once exposure each three days.

b - Second subgroup: 20 mice were treated as above, but the period of exposure
to laser increased to 1 minute.

c - Third subgroup: 20 mice were treated as above, but the period of exposure
to laser increased to 2 minutes.

d - Fourth subgroup: 20 mice were treated as above, but the period of exposure
to laser increased to 3 minutes >,

Second group: 80 mice were subdivided into 4 subgroups and treated as

follows:

a- First subgroup: 20 mice were treated by intramuscular injection of 3 mg
cefotaxime (16.67 mg/kg B.W./day) as a single daily injection, and the
wound was exposed to laser radiation for 0.5 minute, once exposure each
three days.

b - Second subgroup: 20 mice were treated as shown in (@) but the period of
exposure to laser increased to 1 minute.

c- Third subgroup: 20 mice were treated as shown in (@) but the period of
exposure to laser increased to 2 minutes.

d - Fourth subgroup: 20 mice were treated as shown in (a) but the period of
exposure to laser increased to 3 minutes.

Third group: 80 mice were subdivided into 4 subgroups and treated as follows:

a- First subgroup: 20 mice, the wound was flooded with photosenstizer
(Povodine iodine) and exposed to laser radiation for 0.5 minute, once
exposure each three days.

b - Second group: 20 mice were treated as in (a) but the period of exposure to
laser increased to 1 minute.

c - Third subgroup: 20 mice were treated as in (@) but the period of exposureto
laser increased to 2 minutes.

d - Fourth subgroup: 20 mice were treated as in (a) but the period of exposure
to laser increased to 3 minutes.

Fourth group: 20 mice were treated by 3 mg cefotaxime (16.67 mg/kg

B.W./day) as asingle daily intramuscular injection, and the wound was flooded

with povodine iodine.

Fifth group: 20 mice were treated by cefotaxime only as 3 mg (16.67 mg / kg

B.W. /day) injected intramuscular as asingle daily dose.

Sixth group: 20 mice were treated by flooding of the wounds by povodine

iodine.

Seventh group: : 80 mice were subdivided into 4 subgroups and the wound was

exposed to laser radiation for 0.5, 1, 2, 3 minutes respectively as one exposure

each three days.

Eighth group: 20 mice in which the wound left without treatment.
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9 - Ninth group: 20 mice in which the wound was uncontaminated by S. aureus
and left without treatment [*> 191,

The treatment in all groups was continued till complete healing. The length
of the wound was estimated daily. Heding rate represented the reduction in the
length of the wound.

Statistical analysis:

Single sided student t- test was used to estimate the significancy among

groups, and among subgroups.

Results
Senditivity before exposureto laser:

Our study before exposure to laser showed that all isolates (4) were resistant
to tetracycline, ampicilin and 1 of 4 isolates was resistant to gentamicin and
cefotaxime. However 2 isolates were resistant cloxacillin and amoxicillin and all
Isolates were sengitive to cefal othin.

Senditivity after exposureto laser:

After exposure to laser-povidone iodine combination, only one isolate stay
resistant to tetracycline, and cefotaxime, 2 isolates stay resistant to gentamicin and
cefalothin and 3 isolates stay resistant to tetyracycline and cloxacillin.

Minimum inhibitory concentration:

Our study showed that minimal inhibitory concentration of the four S. aureus
isolates for cefotaxime was 2+ 0.08ug/ml.

Effect of laser exposure alone and in combination with cefotaxime and
povidineiodine on the rate of wound healing:

The rate of the heaing on wound contaminated by Staphylococcus aureus
and exposed to laser radiation for 0.5 minutes, once exposure each 3 days in
combination with cefotaxime and povidone iodine was greater than the healing rate
in the wound exposed to laser for 1, 2, and 3 minutes with the same combinations.
However this variation was not significant except between the healing rate of the
wound exposed to laser radiation for 0.5 minute, and that exposed to laser for 3
minutes (p< 0.05) (Table 1). Healing rate of the wound exposed to laser for 0.5
minute in combination cefotaxime povidone iodine was significantly (p<0.01) more
than the healing rate of wound in mice treated by cefotaxime 0.5 minute laser
exposure, povidone iodine 0.5 minute laser exposure and more significantly
(p<0.001) than the healing rate of wound in mice treated by cefotaxime alone,
povidone iodine aone, their combination, laser alone, and control untreated
group(Table 10).

No significant variations were recorded among the healing rates in mice
treated by cefotaxime with 0.5, 1, 2, 3 minutes of laser exposure respectively
(Table2).
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No significant variations were recorded between this combination and povidone
iodine — laser combination. The healing rate of wounds treated by this combination
was significantly more than cefotaxime alone (p<0.01), povidone iodine aone
(p<0.01), a combination of cefotaxime and povidone iodine alone (p<0.01), laser
alone (p<0.05) and control untreated group (p<0.001) (Table 10).

No significant variations were recorded among the healing rates in mice
treated by cefotaxime with 0.5, 1, 2, minutes of laser exposure. However the
healing rate in wound exposed 0.5 minute laser exposure in combination with
povidone iodine was more (p< 0.05) than the healing rate of wound treatment by
povidone iodine with 3 minutes laser exposure.(Table 3). However athough the
healing rate in this group was less (p<0.01) than those treated by cefotaxime -
povidone iodine laser combination, but the healing rate in this group was
significantly more than the heding rate of the wounds in mice treated by
cefotaxime povidone iodine combination (p<0.001), cefotaxime alone (p<0.001),
povidone iodine alone (p<0.001), laser alone (p<0.01) and control untreated wound
(p<0.001) (Table 10).

The headling rate of the staphylococcus aureus contaminated wound in mice
treated by cefotaxime povidone iodine combination was 0.74+0.33mm./day
(Tabled). This hedling rate is significantly less than that of mice treated by
cefotaxime povidone iodine laser combination (p<0.001), cefotaxime laser
combination (p<0.01) and povidone — laser combination (p<0.001). However the
variations in the healing rate in this group were not significant compared with the
using of cefotaxime alone, povidone iodine alone, laser aone in control untreated
group (Table 10).

The healing rate of the Staphylococcus aureus contaminated wound in mice
treated by cefotaxime alone was 0.71+0.22mm./day (Table 5). This heding rate is
significantly less than of mice treated by cefotaxime- povidone iodine- laser
combination (P < 0.001), cefotaxime — laser (P < 0.001).

However, there was no significant variation among the healing rate in this
group and the group treated by povidone iodine aone laser alone and control
unteated group (Table 10). The healing rate of the Staphylococcus aureus
contaminated wound in mice treated by povidone iodine aone was
0.61+0.19mm./day (Table 6). This healing rate is significantly less than the healing
rate of wound in mice treated by cefotaxime- povidone iodine-laser combination
(P< 0.001), povidone iodine — laser combination (P < 0.001). However, there was
no significant variation among the healing rate of the wound in this group and that
of mice treated by povidone iodine- cefotaxime combination, cefotaxime alone,
laser alone and in control untreated group (Table 10).

The rate of the healing in wound contaminated by staphylococcus aureus and
exposed to laser radiation for 0.5, 1, 2, 3 minute, once exposure each 3days were
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0.86+0.49, 0.82+0.32, 0.74+0.32 and 0.70+0.46 mm/day. However the variationsin
the healing rates among subgroups were not significant. The healing rate of the
wound in this group is significantly less than of mice treated by cefotaxime-
povidone iodine-laser combination (P < 0.001), cefotaxime-laser combination
(p<0.05), and povidone iodine laser combination (P < 0.01). However the healing
rate of the wound in this group was not significantly differ than the healing rate in
mice treated by povidone iodine-laser combination, cefotaxime alone, povidone
iodine alone, and in control untreated group (Tablel0).

The heding rate of the Staphylococcus aureus contaminated wound in
untreated mice was 0.61+0.21mm/day and the healing rate in uncontaminated
untreated wound was 0.73+0.21mm/day between these two groups was not
significant. However, the healing rate in both groups was only significantly less
than that of mice treated by cefotaxime- povidone iodine-laser combination (P <
0.001), cefotaxime-laser combination (p<0.01), and povidone iodine laser
combination (P < 0.001) (Tablel0).
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No. of Rate of healing M eand

Treatments | animal Days Segf
S 1% 2nd 3rd 4th 5th 6th 7th 8th 9th

Cefotaxime
and povidone
iodinewith | 20 |236(296(212]230 2-5020-23
laser exposure
for 0.5 min.
Cefotaxime
and povidone
iodinewith | 20 |[170]|0.32|232(242|3.16 19?;-06
laser exposure
for 1 min.
Cefotaxime
and povidone
odinewith | 20 [170|060(138| 17 |406| % 196:1.47
laser exposure
for 2 min.
Cefotaxime
and povidone
iodinewith | 20 |188|188|158|214|116| 2|2 | 0| [1ACOE
| 56186 1 bc
aser exposure
for 3 min.

* Similar letter means: Not significant

Table 1. Rate of healing of Staphylococcus aureus infected wound in mice
treated by cefotaxime, povidone iodine with different periods of
exposureto laser radiation.
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Treatments

No. of
animal

Rate of healing

Days

13

2nd

4t h

5t h

6t h

8th

gth

Mean +
SD*

Cefotaxime
and povidone
iodine with
laser exposure
for 0.5 min.

20

1.56

1.08

128|152

1.80

1.45+0.2

Cefotaxime
and povidone
iodine with
laser exposure
for 1 min.

20

1.30

1.40

0.26]0.84

0.78

0.94

212

1.9+0.58

Cefotaxime
and povidone
iodine with
laser exposure
for 2 min.

20

1.36

1.08

0.4410.89

0.38

0.62

2.06

0.96+0.5

Cefotaxime
and povidone
iodine with
laser exposure
for 3 min.

20

1.54

0.96

0.6410.94

0.94

1.02

1.20

1.8+0.28

*The variations among groups were not significant
Table2: Rate of healing of Staphylococcus aureus infected wound in mice
treated by cefotaxime with different periods of exposure to laser
radiation.
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Treatments

No. of
animals

Rate of healing

Days

4th

5th

6th

meant=-SD*

povidone
iodine with
laser
exposure for
0.5 min.

20

1.48

1.66

1.62

1.49

1.53

1.56+0.08
A

povidone
iodine with
laser
exposure for
1min.

20

1.12

1.32

1.26

1.29

1.42

1.22

1.27+0.10
ab

povidone
iodine with
laser
exposure for
2 min.

20

1.22

1.21

116

161

161

1.28

1.26

129+0.16
ab

povidone
iodine with
laser
exposure for
3 min.

20

1.42

1.32

1.26

1.18

1.05

1.01

1.12

1.19+0.14
B

* Similar letter means: Not significant
Table3: rate of healing of staphylococcus aurous infected wound in mice
treated by povidone iodine with different periods of exposurete laser

radiation.
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Days of
the Healing rate mm. Mean
treatment

1%, day 01 (02(03 (04|05 |06(0.7(08|09 |10|0.02(0.03|004|005(09 |08 |07 [006 05|04 ]|04s

2".day 19 (13|13 |13|08 (1717|1717 |1.7|2./8|287|207|217|134|145|260|06 |06 |0.7|1.58

3“.day 10 (16|05 |06(09 (0303|0304 (07|07 |02 189|168 |15 |15 |03 |230|23|23|1.06

4" day 05 (0510 (10|09 |08(03(03|02 |06(04 (O5 |04 |07 (08 |10 |13 |05 |0.7|16]|0.75

5" day 1 10|19 (09|08 |08|15|10(18 [09|09 |11 (06 |05 |05 |05 (04 |07 |17|12]095

6"".day 05 (15|03 |06|17 |08|04|0.7|02 (04|06 |08 |07 (O7 |07 |07 |06 |03 [0.2]|08|0.74

7" day 04 (06|06 |04/04 |05|08(10|07 |0O07]07 |05 |04 (04 (04 |08 |10 |08 |09 ]|0.6 066

8" day 07 (05|04 |07|07 |05|04|06|06 (08|08 |10 |09 |(O7 |06 |11 |05 |11 |9 |05(0.70

9" day o8 (0707 |07|09 |15|14 (15|16 |11|10 |O.7 |09 |06 |10 |02 |08 |04 (06|17 097

10"day |06 |0.7|07 |05]/03 [0.7]|08]|05(|06 [09]/03 |05 |04 |07 |05 |06 [06 [0.6 [0.6|0.3]0.52

11"day |06 |04|06 |04]|04 [04]04]|04]03 [03]|04 (07 |08 |10 [06 |04 [05 |05 [05|06|0.53

12".day [0.05|0.1|0.05|0.6[0.17[0.3]|0.1/02[0.02{0.1{03 (02 (01 |05 [03 |08 [05 |03 [04|03|0.26

13".day |0.85|0.6|0.45|0.1/053[0.4[06[0.8[0.88(0.1(05 (08 [07 |02 |06 0.54

No. of animals: 20 Mean +£SD 0.74+0.33
Table 4: Rate of healing of Staphylococcus aureusinfected wound in mice treated by cefotaxime and povidon iodine.
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Days of the Healing rate mm. Mean
treatment

1%, day 01 [02]03 [04 [05 [06]07 |08 [09 [10 [11 [12 [13 [14 [120[119 [121 [122 [124 [125]|0.88
2" day 08 [02]02 |02 [05 [03]042 033|024 015 [0.06 |0.17 [0.08 [0.19 [0.20 [0.60 |05 [0.05 [0.04 [0.04]0.22
3 day 02 [08]08 [08 [05 [02]083]077 [0.66 [055 [0.83 [0.61 [0.59 [0.57 [0.10 [0.75 | 0.62 [0.60 [ 0.58 | 0.69 | 0.55
4" day 08 [08]10 [17 |17 [19]12 [110 |12 |09 [09 [09 [09 [15 |1 |11 [112[112 [114 |[102]|084
5" day 06 [06|07 |04 |07 08|08 |06 |11 [03 |05 |07 |09 [11 |07 |08 |11 [11 |09 |10 |0.98
6".day 05 [05|04 |10 |07 [09]|12 |05 |09 [07 |05 |07 |07 |08 |10 |10 |11 |11 |13 |15 |0.78
7" day 04 |04 |06 |04 |05 |[05[09 [09 |09 |09 |08 |09 |07 |06 |04 |02 |07 |07 |07 |14 |067
8" day 08 08|06 |06 |06 |[.7 [04 |04 |04 |06 |09 [03 [03 |01 [05 [11 [05 [05 |05 |06 |[058
9" day 14 [15]13 |16 [15 [14 |13 [13 |13 [13 |10 [018 [0.72 [0.63 [ 094 [045 [036 [0.27 [0.27 [ 0.18]0.97
10™.day 04 [02]075 |06 |08 [06|04 [05 [04 |04 [15 [10 [10 [10 |10 |10 [11 [12 [093 [122]087
11" day 09 [02]035[030 |01 [03]05 [04 [05 [05 [03 [0.49 [029 [0.29 [0.29 [0.29 [0.38 [0.27 [0.21 | 0.10| 0.34
12" day 10 [10]10 |[011 |08 [06[01 [03 |05 [03 [03 |01 [024 [024 024 [024 [024 [0.24 [0.30 [0.12]0.39
13" day 03 [11]13 [139 |07 [09 |14 [04 [011 [014 [05 |0.46 [04 [044 [083 [081 [0.79 [0.77 [0.75 [0.73]0.72
14" day 06 [06]049 [030 (04 [04]04 [12 [129 137 [09 [054 [099 [050 [03 [0.41 [052 [0.63 [1.04 [0.85]0.66

No. of animals; 20

Mean+SD 0.71+0.22
Table 5: Healing rate of Staphylococcus aureusinfected wound in micetreated by cefotaxime.
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??g;rori;r?te Healing rate mm. Mean
1%, day 09|02|03 (04 |05]06|07 |08 (09 |09 |08 (0.7 |06 |05 |04 |03 |02 |045|0.6 |0.7 |0.61
2" day 0.2 10|07 (05 |03 (04|03 |04 (04 |04 |21 |11 |11 |11 |10 |10 |10 [055|04 |03 [0.68
3“.day 11 (10(13 |27 |13 |05/06 |06 |06 (06 |09 |01 |10 (12 |15 |11 |16 |20 |11 |19 |116
4" day 03|01/05 (01 |04 (05|05 |07 (07 |07 |07 {02 |02 |02 |02 |03 |12 |07 |18 |11 |053
5™ day 04/15/09 (13 |08 |15/09 |04 (03 |03 |03 |9 |02 |06 |06 |06 |01 |03 |03 |03 |0.62
6".day 080211 (13 |13 |12|18 |13 (14 |14 |07 |05 |08 |04 |03 |01 |08 |07 |06 |0.7 |0.87
7" day 01/01/02 (02 |05(03]|02 |02 (03 |03 |08 (14 |06 |05 |06 |16 |11 |08 |09 |05 |0.56
8".day 05(09/05 (09 (09 |07|08 |13 |10 |12 |11 (06 |11 |05 |03 |04 |08 |05 |02 |05 |0.74
9" day 05/04|04 (04 |08 (03|05 |07 [09 |9 11 (05 |03 |05 |06 |00 |02 |05 |05 |05 |0.52

10™.day 0510610 |6 02 06|06 |06 |03 |07 |04 |15 |17 |22 |23 |01 |03 |09 |11 |05 (081

11™.day 050402 |04 |03 ]|07|07 |08 |03 |07 |06 |4 |04 (04 |04 |[023]|08 |06 |04 |08 |0.60

12" day 09/06/08 |05 |05]|05/04 (02 (O3 |4 |07 (02 |02 (03 |03 |03 |02 |02 |02 |04 |040

13".day 020201 |02 |04|03|04 (02 (08 |11 (03 (01 (01 (01 |05 |02 |06 |06 |08 |08 |0.50

14", day 100802 (03 [05(05|05 |06 |06 |03 |02 |08 |05 |02 |01 |02 |02 |1. |01 |02 043

15", day 010907 |04 |03]|03(02 (03 [0.21{04 |02 |03 |09 |12 |01 |05 |05 |01 |01 |05 |042

No. of animals: 20 Mean£SD 0.61+0.19
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Table 6: Healing rate of Staphylococcus aur eusinfected wound in micetreated by povidoneiodine.

Rate of healing mm.

Days

1%, (2™ |39 4h 5" e |7 8™ |9 |10 12" 12", |a3th.
Laser0.5min 20 |23 |102]|10 |064|084|06 |106 |, |9 046|056 |056 0.86 = 049
exposure 64 | 4
Laser1.Omin 20 |12 [102|062|138|128|094|060 |9 |2° |082(046 |020 0.82:+0.35
exposure 70 | 8
L aser2.0min 20 |066|09 |094|084|080|064[106 |1 |9 ]030|054 |024 |035 |074+032
exposure 3210
Laser3.0min 20 |06 |0.86[096|096|060[052]170 | |90 046(024 |006 |122 |070+046
exposure 9 |6

* Thevariation among groups wer e not significant
Table7: Healing rate of Staphylococcus aureus infected wound in mice treated by different periods of exposureto laser radiation.
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Days of the

treatment Healing rate mm. Mean

1%. day 01(02 (03 |04 |0O5]06|0.7 |08 |09 |10 |111|/12 |14 |16 |17 |18 |110|112|1.14|1.36|0.99

2" day 1102 |02 |02 |03 |06(15 |18 |06 |0.7 |098|0.78|/0.07|0.17|0.73|0.82|0.70|0.78 | 0.66 | 0.44 | 0.66

3“.day 06|15 (04 (07 |06]02|05 04 |10 |10 |06 |.2 |079|/067|02 |11 (0.7 |06 |09 |07 |0.67
4" day 1109 |10 |16 |11 /1408 |06 |05 |12 |05 |50 |06 |16 |05 |.8 |050/031{220|14 |0.96
5" day 08|110|11 (1.7 |10 |21|0.7 [O.7 |05 |07 |17 |19 |15 |15 |1 13 |15 |1. |02 |03 |08/
6".day 1015 |19 |13 |15|13|03 |07 |05 |04 |04 |11 |(O5 |05 |[O5 (06 |04 (09 |19 |08 |0O.70
7" day 12|14 |05 |06 (258 |05 |07 |08 |09 |02 (04 (20 |05 |25 |19 |16 (03 (09 |15 [1.02
8".day 06|06 |22 |14 |14 |26|14 |03 |11 |06 |21 |10 |05 |05 |05 |05 |05 |05 |06 |15 |061
9" day 10|15 |21 |22 (090413 |05 (09 |17 |10 |10 |15 |05 |05 (O3 (12 |5 |05 (05 |10

10™.day 10|03 |07 |09 |06 08|02 |10 |19 |06 |03 |08 |05 |05 |05 |10 |02 |15 |05 |05 |071

11™.day 05|06 |05 |06 |06 |05|06 |05 |08 |03 |08 |03 |15 (10 |07 |06 |06 |05 (0.2 |05 |0.61

12" day 0503 (02 |01 |01]05|04 |02 |02 |03 |05 |06 |02 |20 |05 |07 |08 |05 (02 |01 [042

13".day 03(01 (03 |01 |01]05|03 |04 |01 |05 |03 |03 |02 (021 |O5 |01 |01 |01 [O00 |01 |[0.22

14", Day 02|01 (01 01 |01(01|01 09 |01 |01 |01 |O1 |O1 |O1 |O1 [O1 |O1 |01 |01 |00 [0O.24

15". Day 0|01 (01 |00 |O1]01|01 O4 |00 |00 |[OO |OO |OO |O1 |01 [OO |OO |01 |00 |01 [025

16™. Day 1/01 (00 |01 |O1]01|04 |00 |00 |00 [OO |OO |OO |O1 |OO [OO |OO [OO |00 |00 [0O.04
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No. of animals: 20 Mean £+ SD 0.61+ 0.32
Table 8: healing of Rate Staphylococcus aureus infected untreated wound in mice.

Days of the Healing rate mm. Mean
treatment

1%, day 01(02 |03 |04 |05|06({07 |08 |09 |10 |11 |12 |13 |14 |20 |11 |1.32|05 |0.66|0.67|0.89
2" day 01(06 |06 |02 |[04|04(/01 |01 |02 |03 |03 |06 |06 |04 (04 |04 |008|04 |04 |03 |031
3" day 01(11 {04 |05 |02|05(13 |06 |05 |04 |056|019|05 |11 (03 [219(25 |01 |12 |12 |0.79
4" day 22|10 (15 |18 |18 (05|09 |04 |05 |12 (14 |07 |05 |15 |10 |10 |19 |25 |11 |09 |121
5™ day 0710 |02 |07 |08|08|09 |19 |18 |06 |06 |11 |10 |05 |08 |16 |06 |05 |[0.2 |09 |0.86
6™.day 10|07 |05 |04 |10 (|10(10 (O3 |03 |08 |08 {10 (021 |02 |01 |04 |04 |05 |09 |03 |058
7" day 05(04 |05 |05 |03|03({03 |10 (03 |06 |06 |20 |02 |02 (04 |02 |13 |05 |05 |06 |0.90
8".day 05(01 |06 |05 |01|08(|06 |06 |05 |05 |07 |15 |09 |05 |05 |15 (08 |07 |05 |04 |0.65
9" day 10|18 |13 |08 |08 |06(021 |03 |O5 |06 |07 |09 |19 |16 |15 |04 |09 |10 |07 |08 |091
10™.day 17104 |12 |17 |01|05|03 |03 |05 |04 |06 |06 |06 |05 |04 |02 |04 |20 [1.0 |04 |055
11™.day 08|05 |08 |02 [04|05({14 |07 |05 |05 |05 |05 |05 |05 |05 |10 (06 |09 |08 |0.7 |0.64
12". day 0811 |03 |12 |[05|05/{03 |09 |05 |06 |05 |03 |04 |10 |09 |01 |05 |20 |11 |03 |063
13".day 03|03 |10 |03 |10|05(/03 |08 |09 |05 |04 |07 |05 |05 |03 |05 |04 |04 |20 |0.26|0.61
14", day 06 (06 |07 |06 |06]20({05 |10 |11 |05 |11 |06 |05 |067/068(009(021 (02 |01 |01 |0O.70

No. of animals: 20

Mean+SD 0.73+0.021

Table 9: Healing rate of uncontaminated untreated wound in mice
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Rate of healing

Treatments mm./day
Mean + SD
Cefotaxime + povidoneiodine + 0.5 min. laser exposure 2.50+0.23
Cefotaxime + 0.5 min. laser exposure 1.45+0.27
povidone iodine + 0.5 min. laser exposure 1.56+0.08
Cefotaxime + povidoneiodine 0.74+0.33
Cefotaxime 0.71+0.22
povidone iodine 0.61+0.19
0.5 min. laser exposure 0.86+0.49
Staphylococcus aureus contaminated untreated wound 0.61+0.32
Uncontaminated untreated wound 0.73+0.21
Povid-
Cefota- | one povido Staphyloc Uncont
xime + | iodine ne Povid- 05 min eolﬁ?:]s aminat-
0.5min. | + 0.5 | iodine Cefota- : ) . ed
Groups laser min + xime ne laser contamin untre-
‘ iodine | exposure | a-ted
exposu- | laser Cefotax ated
) untreated
re exposu- | ime wound
re wound
Cefotaxime + povidone iodine
+ 0.5 min. laser exposure 0.01 0.01 0001 |0001 |0001 |0.001 0.001 0.001
Cefotaxime + 0.5 min. laser
exposure NS 0.01 0.01 0.01 0.05 0.01 0.01
Fa‘;‘grd;?sos'lfr‘i ne + 0.5 min. 0001 |000L |0001 |001 0.001 0.001
Cefotaxime+ povidone iodine NS NS NS NS NS
Cefotaxime NS NS NS NS
povidoneiodine
NS NS NS
0.5 min. laser exposure
NS NS
Staphylococcus aureus
contaminated untreated wound NS
Uncontaminated untreated
wound

Table 10: Comparison among the efficacy of different treatment on the

healing rate of experimentally induced wound in mice levels of
of the healing of
Staphylococcus aureus infected wound could be attributed to the

significancy among groups enhancement

above.
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Discussion
Bactericidal effected of the laser:

The interaction between laser and bacterial cell depends on the wave length
of the light, the power output of the laser and exposure time (the energy input), the
beam diameter, and whether laser is continuos or pulsed mode. Such factors detect
whether effects will be photochemical, photothermal, photoablative, or
photomechemical. Photochimicl effects generate free radicals and single oxygen
with power density less than Wem and exposure time more than 10 seconds.

Photothermal effects cause denaturation of cell constituents and vaporization
of the cell with power density between 10-0° Wem? and exposure time between
10%-10 seconds . Photoabltive effects cause breaking of chemical binds with power
density 10*-10" Wc? and exposure time between 10°%-10 second. Photochemical
effects cause for mutian of plasma followed by its explosive dissipation and
generation of shock waves with power density between 10- 10" Wc? and
exposure time 10™-10° second ™7 Malik eta " | described the lethal
photosenitization of S. aureus using white light sources and heamatoporphyrin as a
sensitizer .Szuminsky et al. found that the high — voltage pulsed current produced
antibacterial action against S aureus , Sp. aeruginosa, Klebsiella Spp. and E.
colil™ Wilson et a have shown that S aureus can be killed by short term exposure
to light from a 7.3 m W He- Ne- laser in the presence of Toluidine- blue O as an
exogenous photosensitizer (70) .It was found that more than 99% of S aureus
suspension can be killed by short term exposure to light from a 11 mV galium
auminum aresenid (GaAa) diode laser with auminum disulphonated
photoalocyanine as exogenous photosesitizer ®? . methicilin resistant S aureus
strains were killed by short term exposure 15%° second to light from alow — power
He — Ne laser on the presence of low concentration (12.5mg/ml.) of roluidine blue
0.(10).

When S aureus and Ps. aeruginose exposed to Nd: YAQ laser they were
killed at energy dose 600 J!#. The teeth root canals inoculated with dark stain and
exposed to Nd: YAQ laser of 3J for 15 seconds followed by al5 seconds recovery
interval showed sterilization of the tow treated canals out of eight canals without
thermal damage of the surrounding tissue 2. Helicobacter pylori was killed by a
low power laser in the presence of photosensitizer [*¥.Non pigmented bacteria were
not affected by low laser light *. Appropriate photosensitizer can be tender
transparent organism susceptible to killing by the low power laser light. Gram
positive Sactina lutea, E.coli ans Ps. aeruginosa coils be killed by Ghe — Ne — laser
light but after treatment with toludinine blue O ' used harmatoporphyrin as
photosensitizer and found that S. aureus and E. coil were killed by He — Ne — laser
in combination with this photodnsitizer . These findings showed that a short
period of exposure to laser was efficient to kill the bacterial cell and the

152



AJPS, 2009, Vol. 6, No.1

photosensitizer is an essential combination to enhance the microbia killing effect
of laser radiation. These results coils explain the highest effectiveness of 0.5 minute
laser exposure and the highest effectiveness when laser used in combination with
povidone iodine photosenistizer compared with other combinations. Furthermore
povidone iodine is an iodophore, a complex of elemental iodine with a carried, 1-
vinyl -2- pyttolodinone polymer, which provides increasing solubility of the iodine
and sustained — release of the iodine. It exerted antibacterial effect alone and
potentiate the antiloacteroal effects of laser 2?1, Therefore povidone iodine acts as
an antibacterial and photosensitizer.

Effect of laser on the pathogenicity of S. aureus:

Many biochemical targets could be attacked by the laser. Al-Edhami et al [
found the UV-B-radiation inhibited protein synthesis *). Usviarsov et a'® found
that there is a suppressive action for magnetic laser ray on the persistence factors,
antilysozyme and anti-interfron of S. aureus and N. gonorrhoee %, Yasin found
that positive DANase S. aureus became negative after exposure to laser 1Y,
Moreover coagulase, entrotocin. Lenkocidin and exotoxin of S aureus were
inhabited by laser radiation *¥ which clearly indicates that laser radiation inhibited
many biochemical parameters essential for the pathogenicity of S. aureus.

Effect of laser on the sensitivity of S. aureus:

Yasin found that laser decreased the MIC of the antibiotict required for
inhibition of S aureus. MIC of ampicillin decreased from 1024 mg /ml to 2651014
mg /ml after laser exposure .

Effect of the laser on the senstivity of the microorganisms could be
attributed to the changes occurred on their structural unites, therefore the pattern of
sengitivity of the microorganisms was completely changes, they became more
sensitive after exposure to laser ™. Ali CI 7 found that laser especialy if it
combined with photosensitizer increase the senstivity of S aureus to
chlorampheincol,  gentamicin, tetracycline,  erythromycin,  methicillin,
nitrofurantion, clindamycin, trimethoprime, ceftazindine, streptomycin, and
colistin®".

Enhnacement of wound healing:

In previous studies, many authors showed that Nd: YAG, carbon dioxide,
Erbiun: YAG and diode laser enhance wound healing *%. Bruce Reis et a.[*®
compare CO, heding of laser with iodine surgical scrub in the heding of
psendomonas infected wounds on the rabbit, and on frequency of wound
breakdown secondary to sepsis the best results were obtained by laser Y. Taylor et
a compare the Nd: YAG and high power diode laser and they found that the degree
of inflammation and collagen production was similar for diode laser and Nd: YAG
laser Y Kandela et al.*¥ found that wound hedling rate was significantly
stimulated in various phases of healing process by repeated exposure to low dose
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laser radiation Many mechanisms were given to laser as wound healing stimulators.
Kande et al said that this effect attributed to quicker response of phagocytic cell
and initiation of fibroblastic reaction and rapid re-epithelization induced by
laser’®). Bruce Reid said that exposed to laser appeared earlier with higher activity
which enhance wound healing 2.

Therefore, we can conclude that the enhancement of wound healing in this
study could be attributed to bactericidal effect of the laser, effect of the laser on
viability and virulency of the bactericidal, increase the sensitivity of the bacteria
and enhancement of biochemical events participated in wound healing.
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