
Introduction
Restoration of structural integrity and strength of disrupt-
ed tissue of the wound depends on the interaction of heal-
ing stages. These overlapping stages include inflammation, 
re-epithelization, granulation tissue formation, wound 
contraction and tissue remodeling. Although fibroblasts 
and keratinocytes have a key role in wound healing, other 
elements such as growth factors, cytokines and their re-
ceptors as well as matrix molecules are important too.1

Wound care and the healing process are especially import-
ant to prevent complications like infection and formation 
of short scar tissue that compromises esthetics.2

Mester et al3 first reported the advantages of low-level 
laser therapy (LLLT) for wound repair. The majority of 
animal experiments emphasized that LLLT accelerates 
wound healing by enhancement of cell proliferation and 
formation of granulation tissue, acceleration of collagen 
and ATP synthesis, fostering the formation of type I and 
type III procollagen specific pools of mRNA, lymphocytes 

activation and increase in their ability to bind pathogens.4 
Some other studies reported no beneficial effect for laser 
treatment.5,6 These contrary results may be due to differ-
ent parameters like: wavelength, pulse duration, power 
density, pulse repetition rate, treatment repetition rate or 
a combination of these factors.7

The most frequently types of laser used for wound healing 
are helium neon (HeNe) lasers and diode lasers, including 
gallium-aluminum-arsenium (GaAlAs), arsenium-galli-
um (AsGa), and indium-gallium-aluminum-phosphide 
(InGaAlP) lasers.8

There are various pharmacological agents like phenytoin 
that affect wound healing.9 
Shapiro was the first who noticed phenytoin analgesic and 
healing promotion effects after gingival surgery in patients 
taking this medicine. After that other studies confirmed 
the positive effect of phenytoin in skin lesions, lichen pla-
nus, epidermolysis bullosa, peritoneal abscess, etc.2

Phenytoin promotes wound healing through different 
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Abstract

Introduction: Different modalities have been used to achieve better results in wound healing 
among which are laser and pharmacological agents. To our knowledge, there is no investigation 
to compare phenytoin and laser together. In this study, we aimed to evaluate laser and phenytoin 
efficacy and compare their effect on wound healing.
Methods: We used 60 rats. The animals were divided into 4 groups, 15 rats in each and each 
group was subdivided into 3 subgroups for which postoperative evaluation was performed on 
days 3, 7, and 14. After general anesthesia and back hair shaving of each rat, an excisional 
wound was made. The wounds in group 2 were treated with 1% phenytoin cream. In group 
3, the wounds were irradiated with diode laser. The wounds of group 4 were treated with 
both phenytoin cream and laser administration. The animals of group 1 served as control. For 
histopathological evaluation, hematoxylin and eosin staining was used. Polymorphonuclear 
leucocytes (PMNs), re-epithelization, fibroblasts, new vessels and collagen were evaluated.
Results: Faster reduction in polymorphonuclear cells after 7 and 14 days and more collagen 
fibers on the third day in laser treated group was statistically significant (P < .05) .The result 
for the phenytoin treated group were not better than control group. When both laser and 
phenytoin were used samples showed more collagen fibers on the third day, which was 
statistically significant (P < .05).
Conclusion: It seems that low level laser is effective in skin wound healing and have better 
results than phenytoin application.
Keywords: LLLT; Phenytoin; Wound healing; Rat

Correspondence to
Somayyeh Azimi, DDS; School 
of Dentistry, Shahid Beheshti 
University of Medical Sciences, 
Tehran, Iran
Tel: +98-2122403010; 
Fax: +98-2166492992; 
Email: 
Somayyeh_azimi@yahoo.com

Published online 28 June 2015

 Journal of

Lasers
in Medical Sciences

J Lasers Med Sci 2015 Summer;6(3):124-128

http://www.journals.sbmu.ac.ir/jlms

http://dx.doi.org/10.15171/ijpni.2015.06
crossmark.crossref.org/dialog/?doi=10.15171/jlms.2015.06&domain=pdf&date_stamp=2015-06-28
http://www.journals.sbmu.ac.ir/jlms


Journal of Lasers in Medical Sciences  Volume 6, Number 3, Summer 2015 125

Effect of Low-Level Laser and Phenytoin Therapy on Wound Healing

mechanisms. Stimulation of fibroblast proliferation, en-
hanced formation of granulation tissue, decreased colla-
genase activity, inhibition of glucocorticoid activity, direct 
or indirect antibacterial activity by affecting inflammatory 
cells, neovascularization are among them. Phenytoin also 
increases gene expression of the platelet derived growth 
factor β chain in macrophage and monocytes.10 While 
most of the studies regarding phenytoin and wound heal-
ing showed phenytoin efficacy there are studies which re-
ported no important effect.11-13

Several methods have been used to study healing promo-
tion, but few studies investigated these modalities in com-
parison to each other.14-18 In this study we evaluated the 
effect of low-level laser in wound healing and compared 
it with phenytoin.

Methods
Sixty male albino rats (weighing 250-300 g) were used. 
The Medical Ethics Committees of Shahid Beheshti Med-
ical University, Tehran, Iran, approved the study protocol. 
The animals had free access to food and water. On day 
zero the animals were anesthetized with peritoneal in-
jection (0.1 ml/100g of weight) of ketamine (50 mg) and 
xylazine 2% (20 mg). After shaving hair of each rat on the 
back, the skin was disinfected with povidone iodine 10%. 
An excisional wound was made on the back of each ani-
mal using a round biopsy punch number 5 (5 diameter) 
and the bleeding was controlled with gauze pressure on 
the site. The animals were randomly divided into four 
groups, 15 rats in each. Each group was subdivided into 
3 subgroups with the same number of animals to perform 
the time evaluation on postoperative days 3, 7 and 14.19 
The wound in group 2 was treated daily with phenytoin 
cream 1% for 14 days. Phenytoin was applied gently over 
the wounds in a fixed time. In group 3 the wounds were 
irradiated with a diode laser (Dr Smile-Italy) with a wave-
length of 808 nm, 0.3 W and 0.2 W. LLLT was started 24 
hours after surgery using a restrainer to inhibit the rats 
from moving (Figure 1). Laser probe was situated in con-
tact with the wound and the treatment procedure was re-
peated for 6 sessions (3 sessions per week). Every session 
the animals were exposed to 120 seconds of laser light 
with a 30 seconds rest phase between every 1 minute. The 
excisional wounds of group 4 were treated with both phe-
nytoin cream and laser administration.
The animals of group 1 were neither irradiated with LLL 
nor phenytoin was applied for them and they served as 
control. Thereafter, for histopathological evaluation, 5 rats 
of each group were selected 3 days after surgery, 5 rat of 

each group were selected 7 days after surgery and 5 rats 
14 days after surgery and the samples were obtained using 
a biopsy punch number 8 (with 8 diameters). Then the 
specimens were stained with hematoxylin and eosin and 
were examined by microscope. A semi-quantitative meth-
od was used to evaluate the following histological features: 
polymorphonuclear leucocytes (PMNs), re-epithelization, 
fibroblasts, new vessels and collagen. The sections were 
evaluated in a blinded manner on a scale of 0-4 (Table 1). 20 

Statistical Analysis
Data were analyzed by chi-square and Kruskal-Wallis tests 
with SPSS version 19.

Results
Results are described below in 3 parts according to the 
days after wound creation.

Three Days After Surgery
In group A the histopathological reading after 3 days 
showed keratinocytes migration beneath the wound, 
which covered the gap. Granulation tissue (GT) formation 
together with moderate fibroblast proliferation and infil-
tration of PMNs was seen. In addition a lot of congested 
blood vessels and a few collagen fibers were present in GT.
Re-epithelization, marked infiltration of PMNs, fibroblast 
proliferation were also seen in the samples of group C and 
D which were treated with laser and more newer collagen 
fibers were present in these 2 groups compared to con-
trol group, which was statistically significant (P < .05). 
(Figures 2A–C; Figure 3)

Seven Days After Surgery
At 7 days postsurgery, epithelization was complete in all 

Figure 1. Using a Restrainer to Inhibit the Rats From Moving.

Scale Epithelization PMNs Fibroblast New Vessels Collagen

0 Thickness of cut  edges Absent  Absent Absent Absent
1 Migration of cells (<50%) Mild ST Mild ST Mild SCT Minimal GT

2 Migration of cells (>50%) Mild GT Mild GT Mild GT Mild GT

3 Bridging the excision Moderate GT Moderate GT Moderate GT Moderate GT
4 Keratinization Marked GT Marked  GT Marked  GT Marked  GT

Abbreviations: ST, surrounding tissue; GT, granulation tissue, SCT, subcutaneous tissue.
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samples of 4 groups and keratin layer was produced al-
though in phenytoin group the healing process was slower.
Fibroblasts were markedly present in GT as well as few 
new vessels in surrounding connective tissue and dense 
collagen fibers within GT. All samples showed marked 
reduction in PMNs (stage 1) but it was more obvious 
in group C which was treated with laser. There was the 
least PMNs in samples of group C while other samples 
yet had been infiltrated with PMNs in surrounding tissue 
and it was statistically significant (P>.05). (Figures 4A, B; 
Figure 5).

Fourteen Days After Surgery
After 14 days, there were fewer differences between groups 
and the samples of phenytoin treated group showed com-
plete re-epithelization and dense collagen fibers in sur-

rounding tissue. For other groups the results were almost 
the same as 7 days after surgery and inflammation was yet 
at the minimum level for laser treated group (Figure 6 and 
Figure 7).

Discussion
To assess wound regeneration, the following histological 
criteria were evaluated: extent of re-epithelization, matu-
ration and organization of the epidermal cells, angiogene-
sis, fibroblast proliferation and intensity of inflammation.1

LLLT with diode 808 nm resulted in more collagen in day 
3 and less PMNs after 7 and 14 days compared to nonlaser 
groups. Phenytoin application did not resulted in better 
wound healing, there were even less fibroblasts and slower 
re-epithelization in this group. The combination of phe-
nytoin and laser had better result in contrast to phenytoin 
alone and more collagen fibers were present. Moreover we 
have also found that LLLT is able to stimulate hair growth.
Our result is in agreement with studies in which increase 
in collagen fibers and faster elimination of inflammation 
was reported after laser administration.
Lacjaková et al21 reported reduced inflammation and 
faster re-epithelization following laser administration 
at different doses. Dawood and Salman showed faster 
re-epithelization and more collagen fibers and revealed 

A B

C

Figure 2. Three Days Postsurgery: Healing with granulation 
tissue (GT) formation composed of new vessels and dense 
infiltration of lymphocytes and plasma cells is seen. More 
collagen fibers are seen in laser group sample. (A) Control 
group: Granulation Tissue (GT) formation composed of new 
vessels [long arrow] and dense infiltration of lymphocytes and 
plasma cells (short arrow). (B) Laser group:  GT formation 
composed of new vessels and dense infiltration of lymphocytes 
and plasma cells. More collagen fibers are seen in laser group 
sample (black arrows). (C) Phenytoin group: GT formation 
composed of new vessels (short arrow) and dense infiltration of 
lymphocytes and plasma cells (long arrow).

Figure 3. Semi-quantitative Analysis of Histological Structures/
Changes: 3 Days After Surgery.

Figure 5. Semi-quantitative Analyses of Histological Structures/
Changes: 7 Days After Surgery.

Figure 4. Seven Days Postsurgery: Healing with complete 
formation of orthokeratinized epithelium and the presence of 
fibroblasts and collagen fibers with few lymphocytes infiltration. 
(A) Control group: 7 days postsurgery: Healing with complete 
formation of orthokeratinized stratified squamous epithelium 
(short arrow) and the presence of fibroblasts and collagen 
fibers (long arrow) with few lymphocytes infiltration. (B) Laser 
group: 7 days postsurgery: Healing with complete formation 
of orthokeratinized stratified squamous epithelium and the 
presence of fibroblasts (long arrows) and collagen fibers (short 
arrow) with few lymphocytes infiltration.
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that low-level diode laser accelerates wound healing,22 al-
though the type of wound model was different in these 
studies. Busnardo and Biondo-Simões19 reported increase 
in collagen in day 3 postsurgery and less PMNs after laser 
treatment which is in agreement with our study.
Laser administration resulted in less inflammation and 
more collagen fibers in our study but not faster re-epithe-
lization. In Viegas et al23 study laser energy did not min-
imize tissue inflammatory reactions although the evalua-
tion method used was PCR. Some other authors failed to 
show wound healing acceleration after laser irradiation al-
though these conflicting results could be attributed to the 
varying irradiance, exposure time and incorrect control 
groups.5,6,24 A variety of reasons are mentioned for such 
differences in investigation results. Different parameters 
should be considered in laser treatment such as wave-
length, pulse duration, power density, pulse repetition 
rate and treatment repetition rate. Lack of accurate docu-
mentation of irradiation protocol and appropriate control 
group as well as poor methodological quality are the weak 
points of studies in which laser effect on wound healing is 
assessed. Different wound models and wound with differ-
ent etiology as well as systemic effect of laser when each 
animal is its own control can mask the results.7,25,26

Chemical drugs, such as phenytoin are available for 
wound healing too. Despite the large amount of studies, 
which confirm the efficacy of phenytoin for wound heal-

Figure 6. Fourteen Days Postsurgery: Healing with complete 
formation of orthokeratinized stratified squamous epithelium 
and the presence of fibroblasts and collagen fibers with few 
lymphocytes infiltration.

Figure 7. Semi-quantitative Analyses of Histological Structures/
Changes: 14 Days After Surgery.
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ing, in our study, phenytoin group was not better than the 
control group. Muthukumarasamy et al,27 Hasamnis et al,28 
and Oluwatosin et al17 all reported faster healing and more 
reduction in wound area following the use of phenytoin. 
Although some authors did not achieve statistically sig-
nificant results when using this drug.12,13 Regardless of the 
different etiology and nature of the wounds in different 
studies, which affect the results, it is believed that phenyt-
oin results in a hypertrophic GT and increased collagen 
synthesize.29,30 According to this, it seems that a small 
shallow wound in a rat that close within a few days or an 
incisional wound, which heals with a minimal amount of 
GT, are not good models to reflect the effect of phenytoin. 
In addition the distinct situations in human studies like 
involvement with different systemic diseases and different 
drugs, which inhibit healing, the extend of the wound and 
different evaluation methods are other factors that influ-
ence the results.

Conclusion
In this study laser administration had a positive effect on 
wound healing, but phenytoin application did not lead to 
better results.
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