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Abstract: 

The study showed the potential of prompting and expansion of skin cells in laboratory mice  
particularly fibroblasts and collagen fibers using Neodymium- yttrium aluminum garnet (Nd-YAG) laser 
with a wavelength of 1064 nm after compared the laser-exposed groups with control groups This is 
specified by the results of both statistical analysis and histological examination of samples Which were 
divided into five groups of each group consisting of six mice, The first group is the control group with four 
other groups exposed to laser radiation  at varying time intervals (one day, three days, five days and ten 
days) respectively fibroblasts, collagen fibers and blood vessels were more diffused in laser exposed groups 
near the wound area. 
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Introduction: 

Lasers were used for the first time as a treatment method for healing wounds in the late 1960's and 
showed good effectiveness in healing the chronic ulcers, incurable tissues. This is the beginning use of the 
laser as a therapeutic method [1].Laser exposure accelerates wound healing by forming granular tissue to 
reduce inflammation, the reintroduction of blood vessels, blood circulation and lymphatic vasculature, as 
well as promoting the proliferation of fibroblasts and collagen fibers [2].The ability of the chromophores 
to transfer absorbed energy to other molecules and thus cause chemical reactions in the surrounding tissues, 
The optical receptor molecule, in its active form, can also share chemicals for the events of the desired 
changes, for example in photodynamic therapy (PDT) Cells with specific wavelengths may activate some 
of their components and thus stimulate cellular metabolism. This type of reaction is thought to form the 
basis for low-energy laser effects [3]. Radioactive energy is absorbed by separate units or photons and has 
an inverse relationship with the wavelength. Thus, the longer the wavelength is, the lower the energy. When 
the photon is reflected or moved, the energy is absorbed into the atoms of the absorbed part by the 
chromophores. Which in turn changes the temperature level or raises other atoms or molecules (changes in 
the levels of the energy of electrons), or breaks another chemical (building new chemical compounds) [4]. 
Evidence suggests that increased wound healing increases the rate of wound healing and reduces bacterial 
infections, indicating an inhibitory effect on wound infection [5]. The depth of any laser beam penetrates 
the target tissue along the wavelength, which ranges between 700-1200 nm maximum [6]. Nd-YAG 
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showed a positive effect in the treatment of glaucoma and no side effects such as redness, swelling, skin 
scaling or skin discoloration in patients after laser treatment sessions compared to the control group [7]. 
The Nd-YAG pulse laser is safe even in dark skin types because of its wavelength and deep penetration of 
the skin with fewer effects on the skin such as pigment changes [8]. A study using the Nd-YAG laser with 
a wavelength of 1064 nm as a treatment to remove tattoos from different parts of the body (face, chest, 
hands, and feet) showed high efficacy and no complications, scarring or deformities [9]. 
The study showed that exposure to laser Nd - YAG wavelength 1064 nm for the treatment of some skin 
diseases Rosacea in a group of patients, was very effective, including reduced redness of diffuse and 
remove symptoms such as itching, burning and dry skin in addition to reducing wrinkles by restoring 
Formation of collagen for patients treated with laser Nd-YAG compared to untreated patients [10]. To study 
the effects of Nd-YAG at 1064 nm on the skin of laboratory mice after exposure to ultraviolet light, the 
results indicated that exposure to laser Nd-YAG significantly increased the level of Procollagen and growth 
factors MMPs, TIMPs followed by an increase in the level of collagen in the skin and wound healing [11]. 
 
Materials and Methods:     
 The Experimental Animals  
     In this experiment, thirty male and female mice of type Mus musculus of age 8-10 weeks were used. 
The weights were measured by the sensitive balance and the mice weight were (25 ±5) gm. The mice were 
putted b in plastic cages and divided into five groups in each group of six mice. The first group was the 
control group, but the four groups were exposed to Nd - YAG laser with wavelength 1064 nm for different 
periods of time, group first for one day, group second for three days, group third for five days and group 
fourth for ten days. The duration of laser exposure is sixty seconds. All animals were left throughout the 
study time in the animal house of the college of education for pure sciences for the purpose of acclimation 
under controlled laboratory conditions in period of ventilation, light, and temperature throughout the 
experiment. 
 
Histological Examination 

After exposure the laboratory mice to the laser, all mices were drugged by chloroform for the 
purpose of earning samples of the skin. The samples were putted in a formalin solution at a concentration 
of 10% for 24 hours at room temperature for the purpose of fixation. The samples were then washed with 
tap water for one hour, then samples were transferred to a series of alcohol ethanol with a rising 
concentration for two hours. The samples were in xylol for 10 minutes and to be clear. The samples were 
placed in a convection oven containing three groups of pure paraffin wax with a temperature of 60 C° for 
one hour for each group. Paraffin wax was poured into special templates. The samples were moved to those 
templates and left to harden to until they became templates and preparation for cutting and then preserved 
in the refrigerator until cutting. After the trimming of the template, it was fixed on the rotary microtome 
for the purpose of cutting with a thickness of 5 micrometers, then the tapes, that were resulted from cutting, 
were put into a water bath with a temperature of 40 C° for spreading them. The sections were putted on 
clean glass slides then left to dry. The glass slides were placed in the xylol in two stages of 10 minutes. The 
slides were then transferred to a descending chain of concentration of ethanol alcohol for two minutes per 
concentration. The slides were then transferred to distilled water for five minutes and then placed in the 
hematoxylin stain for five minutes and then washed with tap water for five minutes. And then transferred 
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to the disperse solution (acid alcohol) two seconds for the purpose of removing the excess stain. Washed 
with tap water for five minutes, then put in Eosin stain for two minutes and were passed through a series 
of ascending concentration of ethanol alcohol for two minutes for each concentration. The slides were then 
transferred to the xylol twice for each time 5 minutes D. P.X. substance was used for mounting the sections 
for the purpose of installing the slide cover and then left to dry at room temperature. Histological slides 
were examined using an optical microscope type micros. The slides were then photographed using a camera 
connected to the optical microscope, and these slides were photographed under different magnification 
forces to detect tissue changes [12]. The statistical analysis was then performed using a  program SPSS 
[13]. 
 
 Results and Discussion 

Histological sections of the mices skin of the control groups showed the essential structures of the 
skin which consists of the surface layer epidermis which contains several layers of stratified squamous 
epithelium cells externally covered with keratin and to the inside of the skin layer is the layer of dermis 
where the spread of collagen fibers can be observed, fibroblasts, blood vessels as well as the structures 
linked to the skin ( sweat glands, sebaceous glands and their ducts and hair). Histological changes of the 
skin of animals exposed to laser radiation Nd-YAG re-spread epithelium cells in the wound area with the 
proliferation of collagen fibers and blood vessels near the wound area. This is clearly shown in groups 
exposed to laser radiation on the fifth and tenth day of experiment 

Activity of low-level laser therapy accelerates wound healing. They also agreed with [14] 
Fibroblasts and collagen fibers showed it was an important factor in the wound healing process. Many 
collagen fibers were formed in wounds areas, also Collagen makes new structure that gives strength to the 
tissue that enables to cure. Its normal state, this is consistent with what it pointed out. [15] low-level laser 
therapy is effective in wound healing and for varying periods of time for a group of laboratory rats in terms 
of forming collagen fibers and elastic fibers at higher rates than the control group. It is consistent with [16-
17] The advancement of wound healing was well in a group of patients treated with low-level laser therapy. 
It is also consistent with [18] low-level laser therapy improves the spread of fibroblasts in the wound area 
at the time of laser exposure. They agree with [19] low-level laser therapy promotes the healing of skin 
lesions in laboratory mice and the results showed significant improvement in wound healing. It is agreed 
with [20] low-grade laser therapy Showed positive results in accelerating the healing and healing of wounds 
in laboratory mice. It also agrees with [21] low-level laser irradiation has stimulated the proliferation of 
collagen, Low-level laser therapy (LLLT) has also shown a positive effect in accelerating the wound 
healing process due to the spread of fibroblasts, collagen fibers and blood vessels near wound areas. These 
results are consistent with [22] who noted that the enhancement of wound healing due to low-level laser 
exposure is due to increased proliferation of Fibroblasts in the wound area. They also agree with [23] low-
level laser therapy is used to accelerate wound healing in laboratory mice. The results of the current study 
are consistent with [24]. 

It is consistent with [25] Nd: YAG showed significant improvement in the connective tissue of 
laboratory rat skin by reconstituting collagen fibers in irradiation zones, the present study does not agree 
with [26] that the Nd-YAG laser affected the formation of collagen fibers in laser exposure areas. Laser 
effects on tissues and depends on the determination of the wavelength of the laser, energy, and irradiation 
time for bioconcentration purposes because the bio-stimulation process is enhanced by the proliferation of 
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cells. The cause of wound healing in laboratory mice is the effect of the Nd-YAG laser with a wavelength 
of 1064 nm as shown in Table 1 and these results are appropriate with [27]. Nd-YAG laser therapy showed 
significant improvement in tissue exposed to Laser Treatment, and agree with [28-29] who pointed out that 
laser therapy Nd-YAG is widely used for the activity of positive and therefore showed no side effects, It is 
consistent with [30] that the use of the Nd-YAG laser on the skin of laboratory mice has contributed to the 
regeneration of skin cells through epithelial cell reconstruction and the distribution of collagen fibers and 
blood vessels.  
 

Table (1): shows the density of collagen fibers and epithelial cells of male and female skin lesions for 
control groups and exposure groups for Nd-YAG wavelength of 1064 nm. 

 
 
 
Days 

The density of collagen fibers 
and epithelium cells of male by 
micrometer. 

The density of collagen fibers 
and epithelium cells of female 
by micrometer. 

Control Exposed  Control Exposed 
First day 100±0.122a 100±0.953aD 95±0.327a 100±0.255aD 
Third day 95±0.985a 110±0.264bC 100±0.965a 115±0.461bC 
Fifth day 100±0.840a 120±0.372bB 95±0.483a 125±0.685bB 
Tenth day 100±0.351a 135±0.566bA 100±0.798a 140±0.342bA 
L.S.D df=3          t= 42.8 (by exposer)      

Sig. (0.000)** 
df=3           t= 2.69 (by sex ) 
    
Sig. (0.008)**                             

 
 The numbers in the table Express values Mean (S.D) and L.S.D values. 
 The small letters indicate a significant difference under the level probable (p≤0.05) When 

comparing horizontally the control and exposure groups to each factor. 
 The capital letters indicate a significant difference under the level probable (p≤0.05) When 

comparing vertically the control and exposure groups to each factor. 
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(Figure 1): A longitudinal section of the male skin of the laboratory mice (control group) showing 
epithelium cells (black arrow), collagen fibers (white arrow) and blood vessels (red arrow) (H & E 

,100X).

 
(Figure 2): A longitudinal section of the male skin the laboratory mice show an increase in epithelial 
cells in the epidermis (black arrow) and retraction of blood vessels (red arrow) with the presence of 

inflammatory cells (blue arrows) near the wound area (orange arrow), Nd-YAG irradiation for five days 
(H & E, 100X). 
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(Figure 3) A longitudinal section of the female skin the laboratory mice show an increase of the 

epithelial cells in the epidermis (black arrow) and re-spread more in the blood vessels (red arrow) with 
the presence of inflammatory cells (blue arrow) near the wound area (orange arrow), irradiation Nd-YAG 

for five days (H & E, 100X).
 
 
 

 
 
 
 
 
 
 
 
 

  
 
 
 
 
 

-------100μm --------  
(Figure 4): Skin of male laboratory mice from outside, control group showing the Stratified squamous 
epithelial cells (red arrow), scanning electron microscopy microscope, 100-nanometer magnification 

power. 
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------- 50μm --------  
(Figure 5): Female skin the laboratory mice from the outside shows an increase of the Stratified 

squamous epithelial cells (red arrow), Nd -YAG irradiation for five days, imaging electron microscopy 
scanner, 50-nanometer magnification power. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

------ 100μm -----  
(Figure 6): Male skin the laboratory mice from the outside shows an increase of the Stratified squamous 
epithelial cells (red arrow), Nd -YAG irradiation for ten days, imaging electron microscopy scanner, 100-

nanometer magnification p. 
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