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Background: The skin is considered to be a radiosensitive organ. 
Low-level laser therapy (LLLT) known as photobiomodulation is a grow-
ing technology used to treat multitude of conditions that require stimula-
tion of the healing process. Aim of the work: The present work was con-
ducted to study the possible biostimulatory effects of LLLT on the skin of 
gamma irradiated mice. Materials and methods: 264female mice were 
used in the present experiments were divided into 6 groups: Group (1): 
Non irradiated control group. Group (2):  Laser irradiated group. Group 
(3.1): One shot gamma irradiated group. Group (3.2): One shot + laser ir-
radiated group. Group (4.1): Cumulative gamma irradiated group. Group 
(4.2):  Cumulative + laser irradiated group. Exposure of the animals to 
gamma rays was performed using a cesium-137 source. Two modes of 
exposure were used, a shot modality where the mice were irradiated with 
a single sub lethal dose of 5 Gy. While in the other mode, the same dose 
was given in fractionated daily installations of 1 Gy. Treatment of mice 
with laser was carried out using a computerized scanner emitting He-Ne 
(CW) at a wavelength of 632.8 nm. The fluence was 5J/cm2. Histopatho-
logical (HP) assessment of skin biopsies derived from the experimental 
mice was done immediately after each sacrification.Conclusion: LLL 
therapy accelerates skin regeneration post exposure to ionizing radiation 
in both shot and cumulative mode. Our conclusions also highlight the 
biostimulatory effect of He-Ne LLL on hair follicles.
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The present study aims to improve the antioxidant and antimicrobial 
properties of cake and produce low calorie cake through substitution of  
wheat flour (WF) by irradiated broccoli (Brassica oleracea L.var italica) 
powder. In this study broccoli heads powder and broccoli leaves pow-
der were gamma irradiated at dose levels of 0, 3, 5 and 7 kGy. Results 
showed that ethanolic (70%) extract of irradiated broccoli heads powder 
(IBHP) and irradiated broccoli leaves powder (IBLP) at a dose level of 5 
kGy had higher total phenolic compounds (TPC) and antioxidant activ-
ity (AOA) compared to control and other doses. Thus, IBHP and IBLP 
at dose level of 5 kGy were selected for fortification of cake. IBHP was 
used to substitute (0, 1.5, 3, and 4.5 %) of WF in making cake, as well, 
replacement of WF (0, 1, 2 and 3%) by IBLP. The results showed that the 
cake processed from IBHP and IBLP had pronounced improvement (%) 
in its chemical composition (protein, lipids, ash and fiber content) while, 
the energy value and carbohydrate content decreased with increasing the 
replacement level. Also, the results showed that the TPC content, AOA, 
volume and specific volume were increased by increasing substitution 
level of IBHP and IBLP compared to control samples. On the other hand, 
total intensity, L*and a* values of the crust and crumb were decreased, 
whereas Chroma and b* values were increased for crumb and decreased 
for crust for all cake treatments by the addition of IBHP and IBLP com-
pared to control sample. For microbiological properties, the results 
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INTRODUCTION

Humans are exposed to low levels 
of ionizing radiation on a daily 
basis due to the naturally occur-
ring background radiation, medi-
cal diagnostic procedures as well 

as radiation occupational exposures. There are also 
plausible scenarios in which large segments of the 
population could be exposed to both low and high 
doses of radiation due to terrorist acts or nuclear 
accidents (Hengel et al., 2014).

Because of their great penetrating ability, γ- rays 
are by far the most dangerous type of radiation when 
they come from a source outside the body (Merri-
field and Kovalchuk, 2013).

Isoiret et al., (2005) stated that radio-sensitivity 
means the relative vulnerability of different cells 
to the damage induced by ionizing radiation (I.R).  
They attributed variation in radio-sensitivity to nor-
mal turnover time of the cells and the ability of the 
tissue to repair damaged cells. Radio dermatitis is a 
significant side effect of ionizing radiation exposure 
(Singh et al., 2016).

Radio sensitivity is the probability of a cell, tis-
sue, or organ suffering an effect per unit dose of radi-
ation. Radio sensitivity is highest in cells which are 
highly mitotic or undifferentiated. For this reason the 
basal epidermis, bone marrow, thymus, gonads, and 
lens cells are highly radiosensitive. Muscle, bones, 
and nervous system tissues have relative low radio 
sensitivity (Goodman, 2010).

Light absorption is dependent on wavelength 
and the main tissue chromospheres (haemoglobin 
and melanin) strongly absorb wave lengths shorter 
than 600 nm. For these reasons, there is a therapeutic 
window in the optical spectral range of red and near 
infrared, wherein the efficiency of light penetration 
in the tissue is maximal (Chaves et al., 20014). Ac-
celerating skin wound healing was verified to be one 
of the most successful applicability of low-level la-
ser therapy (LLLT) Alves et al. (2014) and Rashidi 

et al. (2015) documented that LLLT shows high ther-
apeutic efficacy for different chronic wounds par-
ticularly skin wounds, diabetic ulcers and necrotic 
wounds. 

The aim of the present study was to investigate 
the bioregenerative and repair capacity of laser ther-
apy on the skinof miceexposed to γ-radiation.

MATERIALS AND METHODS

Experimental Animals: 

Two hundred and sixity four (264) mice of the 
same colony aged approximately four months and 
weighing 25 ± 5 g, were used in the present study. 
The mice were kept under good ventilation and il-
lumination systems and were maintained on a well 
balanced standard diet and free water supply.

Gamma-Irradiation Processing:

The source of ionizing radiation was a Gamma 
cell-40(Caesium-137). Irradiation source belongs to 
the National Centre for Radiation Research and Tech-
nology (NCRRT), Atomic Energy Authority(AEA). 
The irradiation tray has ventilation holes on its side, 
which align with the ventilation parts through the 
main shield of the unit to ensure animals aeration. 
Two modes of irradiation exposure were used; a shot 
modality where the mice were exposed to a single 
sub lethal dose of 5 Gy. In the other mode, the sub 
lethal dose was given in fractionated daily installa-
tions of 1 Gy (El Batanouny et al., 2019).

Non-ionizing Laser Processing:

The laser irradiation unit is a computerized scan-
ner emitting continuous wave (CW) helium-neon 
with wavelength 632.8 nm and the fluence is 5J/
cm2.The unit is a class (4) laser with output power 
of (10mw). The irradiated animals were placed 30 
cm from the laser source.This unit belongs to the Na-
tional Institute of Laser Enhanced Sciences (NILES), 
Cairo University.

Subcutaneous injection of ketamine was fol-
lowed by laser irradiation transcutaneously to the 
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shaved epigastric surface of the mice abdomen.Uni-
form laser exposure was maintained by the use of 
an attached scanner.Laser treatment started imme-
diately after the exposure to 5 Gy gamma radiation 
which were given either by the shot or the cummula-
tive mode and was repeated every other day during a 
four weeks interval.

It is interesting to indicate and justify that the 
study protocol and experimental procedures were 
carried out according to the international guidelines 
for animal experiments approved by the National In-
stitute of Health (NH No. 85:23, revised 1996) and 
in compliance with the regulations of the National 
Center for Radiation Research and Technology 
(NCRRT), Atomic Energy Authority (AEA), Egypt. 
The experimental design of the study is illustrated in 
the following chart.

It is also valuable to indicate that at the end of 
each week the number of sacrificed mice was in-
creased to be 6 instead of 3 mice in order to collect 
enough amount of blood serum sufficent to carry out 
the biochemical analysis .

Excised skin from all mice was fixed in 10% 
neutralized neutral buffered formalin for 48 hours, 
then transferred to 70% ethyl alcohol, processed and 
embedded in paraffin blocks. Serial sections of 5-6 
um thickness were stained by hematoxylin and eo-
sin stains (H&E) and Masson trichrome (MT) (Ban-
croft et al., 1996) and then examined histologically 
through  the electric  light microscope (Olympus 
BX51 T- 32000).

RESULTS

Histopathological (HP) assessment of the skin
Group (1): Non-irradiated control group:

The stratified squamous keratinized epithelium 
of the epidermis was of normal thickness. The outer 
layer of the epidermis (Stratum corneum) was shown 
as a multicellular membrane of dried, flattened kera-
tinocytes. (Fig.1). 

The granular layer of the epidermis was found to 
be formed of deeply basophilic cells with the basal 
layer being formed of germinative cells, which were 
metabolically active and showed many mitotic fig-
ures (Fig. 1, 2). The connective tissue of the dermis 
was seen to be formed of bundles of loose collag-
enous fibers and the epidermal appendages which in-
clude the hair follicles and pilosebaceous units (Fig. 
1, 2).

The subcutaneous tissue included predominant-
ly fat cells and also a network of arteries, veins and 
lymphatics which at intervals penetrate into the der-
mis (Fig. 1).

Group (2): Non ionizing radiation (laser) group:

HP of skin biopsies showed that He-Ne laser in-
duced no abnormal changes in the skin that could be 
detected by the ordinary microscope using both HE 
stain and M T stain throughout the whole experimen-
tal period (Fig. 3). 

A Flow Chart of the Animal Groups

Fig. (1): Light micrograph of a section in the skin of a 
mouse in Group 1 showing normal skin.
a: stratum corneum  b: granular layer
c: dermis   d: sub cutaneous tissue 
HF: hair follicles  PS: pilosebaceous
(HE X400)
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Group (3.1): (Shot group) Table (1)

One day post irradiation up to the end of the1th 
week:

Gradual progressive desquamation (total loss 
of the epidermis) was observed and associated with 
loss of rete ridges as well as variable degrees of 
damage of pilosebaceous units. Dense diffuse der-
mal thickening by accumulating pink homogenous 
dense material could also be seen. By the end of the 
1st week, beside severe desquamation and loss of rete 
ridges and sebaceous glands, remnants of destroyed 
hair follicles were seen. Dermal thickening by dif-
fuse dense tissue became more evident at this stage 
(Fig. 4&5).

Fig. (2): Light micrograph of a section in the skin of a 
mouse in Group 1 showing normal pilosebaceous (hair 
follicles and sebaceous glands) (arrows).
a: stratum corneum  b: granular layer
c: dermis   d: sub cutaneous tissue 
HF: hair follicles  PS: pilosebaceous
(HE X400)

Fig. (4): Light micrograph of a section in the skin of a 
mouse in Group 3.1 showing:
a: total loss of the epidermis
b: dermal thickening of dense tissue
c: comenents of pilosebaceous (arrows) 
(HE X400)

Fig. (5): Light micrograph of a section in the skin of a 
mouse in Group 3.1 showing:
a: absent epidermis with loss of rete ridges. 
b: thick dense dermis with absence of well-formed hair 
follicles (arrows)   (HE X400)

Fig. (3): Light micrograph of a section in the skin of a 
mouse in Group 2 showing normal pilosebaceous (arrows).                                           
(MT X400)

During the second and the third week

The HP changes were the same as that observed 
by the end of the 1st week with complete hair follicle 
loss and increased dermal thickening (Figs. 6).

During the fourth week:

Early signs of spontaneous healing included re-
appearance of rete ridges but they were still flat. The 
newly formed epidermis showed, marked thinning. 
As spontaneous healing gradually progressed, the 
stratum corneum and granular layer were seen to re-
grow and regain normal thickness in some areas and 
even becoming thicker in other areas, but the epider-
mis as a whole was still thinner than in the control. 
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The connective tissue of the dermis also re-
gained some of its pre- exposure appearance with 
regrowth of few of the epidermal appendages (HF 

Fig. (6): Light micrograph of a section in the skin of a 
mouse in Group 3.1 showing:
a: total loss of the epidermis. 
b: dermal thickening by dense tissue with total loss of hair 
follicles.    (HE X100)

Fig. (7): Light micrograph of a section in the skin of a 
mouse in Group 3.1 & 4.1 showing spontacous recovery
a: stratum corneum  b: granular layer
c: dermis   HF: hair follicles
(HE X100)

& PS) mostly in the lower dermis while in upper 
dermis they were still lost. The dermis is normal in 
appearance and is composed of loose tissue (Fig. 7). 

Table (1) : Showing the HP changes in the skin of group 3.1 at different periods post whole body γ-irradiation.

N : Normal  Ps :Pilosebaceous units  HFs : Hair follicle
* : Mild   ** : moderate   *** : severe

Time interval 
post IR Epidermis Rete 

ridges Adenxa Dermal 
thickening

Blood 
Telangectasis

Vessels 
Endarteritis

1stday * total loss 
(desquamation)

**
lost

** damaged Ps 
units * absent absent

3rdday ** 
desquamation

**
lost

** damaged Ps 
units * * *

8th day *** 
desquamation

*** 
lost

*** Remenants of 
Ps units ** ** **

During the 
2ndweek

*** 
desquamation

*** 
lost

** total loss of 
HFs *** ** **

During
the 3rd week

**
atrophy 

(thinning)

**
flat

* loss of HFs 
and Ps units in 

upper dermis with  
growing HFs in 

lower dermis

* variable Variable

During
the 4th week

*
atrophy 

(thinning)

** 
small

** Growing HFs 
and Ps units in the 

whole dermis
- variable variable

Group (3.2): (Shot-laser group):

H.P examination of skin biopsies carried out 
during the first 7 days revealed insignificant regen-
erative changes.

On the 8th day of He-Ne irradiation (4 episodes):

The biostimulatory effect of He-Ne laser on the 
keratinocytes was evident by regeneration of the epi-
dermis to approximate the pre-exposure thickness in 
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some areas while in others, epidermal thinning was 
still evident. Re-growth of the basal layer was nearly 
complete but rete ridges were still not fully devel-
oped. The dermis regained its normal appearance 
and was seen to be formed of loose connective tis-
sue. Loss of hair follicles was confined to the upper 
dermis with large number of proliferating hair fol-
licles in lower dermis (Fig. 8). 

Fig. (8): Light micrograph of a section in the skin of a 
mouse in Group 3.2 showing early treatment with HeNe 
laser.    (HE X250)

Fig. (10): Light micrograph of a section in the skin of a 
mouse in Group 4.1 showing:
a: many destroyed hair follicles (arrow). 
b: dermal edema.   (HE X400)

Fig. (9): Light micrograph of a section in the skin of a 
mouse in Group 3.2 showing complete treatment with HeNe 
laser. (HE X250)

At the end of the Second week of starting treatment 
(7 episods):

Evidence of regenerative activities included 
presence of well formed, complete epidermis with 
well developed rete ridges and the presence of many 
proliferating hair follicles scattered all over the 
whole dermis, reaching deep to the subcutaneous 
layer (Fig. 9).

Group (4.1): (Cumulative group) Table 2

 One day post irradiation up to the 8th day:

Severe desquamation of epidermis was accom-
panied by complete loss of rete ridges. Hair follicle 
(HFs) and sebaceous glands were present but were 
markedly destroyed (Fig.10). Dermal thickening 
was mainly due to presence of severe dermal edema 
with dilated congested blood vessels (telangiecta-
sia), as well as the appearance of dense pink ground 
material in the dermis similar to that observed in the 
shot group (Fig. 10).

During the second and the third week

The HP changes were nearly the same as those 
described previously with some decrease in the 
amount of dermal edema fluid in the dermis associ-
ated with an increased dermal thickening. The new 
pathological changes that developed during this pe-
riod were epidermal atrophic (thinning) with flat rete 
ridges, in addition to complete loss of HFs.

During the fourth week:

The HP picture was suggestive spontaneous 
healing after cumulative irradiation was quite similar 
to those observed with the animals that had received 
the shot dose radiation. The stratum corneum and 
granular layer showed re-growth and regained nor-
mal thickness in some areas, becoming even thicker 
in other areas but the epidermis as a whole thinned. 
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The epidermal appendages showed proliferation in 
the lower dermis in the lower dermis while in upper 

dermis they were still lost.

Table (2) : Showing the HP changes in the skin of group 4.1 at different periods post whole body γ-irradiation.

HFs : Hair follicle  Ps :Pilosebaceous units
* : Mild   ** : moderate   *** : severe

Time interval 
post IR Epidermis Rete 

ridges Adenxa Dermal 
thickening

Blood 
Telangectasis

Vessels
Endarteritis

1stday
***

total loss 
(desquamation)

*** 
lost

** HFs and Ps 
glands present but 

destroyed

*** edema
* dense 
diffuse 

thickening

** **

3rdday
***

total loss 
(desquamation)

*** 
lost

*** HFs and Ps 
glands present but 

destroyed

*** edema
** dense 
diffuse 

thicjening

** **

8th day
*** 

Total loss 
(desquamation)

*** 
lost

** Remnants of 
destroyed Ps units

** edema
** dense 
diffuse 

thickening

** **

During the 
2ndweek

* 
atrophy 

(thinning)

*
flat * total loss of HFs

* edema
*** dense 

diffuse 
thickening

** **

During the 
3rdweek

**
atrophy 

(thinning)

**
flat

* Total loss of 
HFs

** * dense 
diffuse 

thickening
*** ***

During the 
4thweek

*
atrophy 

(thinning)

** 
small

* loss of HFs 
and Ps units in 

upper dermis with 
growing HFs in 

lower dirmis

* dense 
diffuse 

thickening
** **

Group (4.2): (Cumulative –laser group):

On the 8th day of He-Ne irradiation (4 episodes):

Partial re-growth of the epidermis was associ-
ated with partial reappearance of the rete ridges and 
proliferating basal cells (Fig 11). Although hair fol-
licles were still lost in the upper dermis, yet in the 
lower dermis crowding of hair follicles was very 

evident. Some hair follicles were also seen encroach-
ing on the subcutaneous layer (Fig 12). The dermis 
showed increased fibroblastic reaction, leukocytic 
infiltration and neovascularization. Meanwhile, the 
dense diffuse thickening of the dermis caused by IR 
exposure appeared to have a patchy distribution (Fig 
11).
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Fig. (11): Light micrograph of a section in the skin of a 
mouse in Group 4.2 showing early treatment with HeNe 
laser (arrow) pointing at partial regrowth of the epidermis.  
(HE X100)

Fig. (12): Light micrograph of a section in the skin of a 
mouse in Group 4.2 showing. 
Crowding of the hair follicles in upper and lower dermis.
Growing hair follicles (HF) are also seen in the 
subcutaneous layer.   (HE X250)

Fig. (14): Light micrograph of a section in the skin of a 
mouse in Group 4.2 showing dermal collagenous thickening 
and scattered pilosebaceous units. (HE X250)

Fig. (13): Light micrograph of a section in the skin of 
a mouse in Group 4.2 showing collagen in deep dermis 
(green) and other ground substance material in upper dermis.
(HE X100)

Fig. (15): Light micrograph of a section in the skin of a 
mouse in Group 4.2 showing dense collagenous dermis 
(green) with growing hair follicles (red) representing 
regenerative activity.  (HE X250)

At the end of the second week of starting treatment:

Evidence of regenerative activities were the 
same as observed in the shot group and included the 
presence of a well formed complete epidermis with 
preserved rete ridge and the presence of many prolif-
erating hair follicles scattered throughout the whole 
dermis (Fig. 13).

Yet, in the cumulative-laser group the dermis 
did not regain its normal pre exposure thickness or 
appearance  and with time the dense diffuse pink 
thickening changed into greenish pink (Fig. 13), then 
turned into green (Fig. 14). This dense collagenous 
dermis (green) as well as many crowding growing 
hair follicles in the dermis and subcutaneous tissue 
(red) remained up to the end of the experimental pe-
riod (Fig. 14&15). 

DISCUSSION

The effect of the laser radiation on living tissue, 
known as photobiomodulation, has been increas-
ingly used with the purpose of improving the qual-
ity of wound healing (Farivar, 2014). He-Ne laser 
is the most common and inexpensive gas laser used 
for photo modulation. It penetrates as deep as 0.5mm 
into freshly excised human skin which is regarded 
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as sufficient for the induction of wound healing be-
cause most of the relevant target cells of low level 
laser irradiation are located within the epidermis and 
upper dermis (Hawkins et al., 2005). El-Batanouny 
(2009) used He-Ne laser therapy at thewavelength of 
632.8 nm for enhancing healing of chronic leg ulcers. 
In the current study, He-Ne laser was used with the 
fluence of 5J/cm2 and wave length 632.8 to stimulate 
and/or accelerate the reparative process in the skin 
after whole body γ- irradiation (WBγI). During the 
present study laser irradiation was applied on alter-
native days. Ng et al. (2004) found that the multiple 
application treatment program of laser on alternate 
days seem to be more effective compared to either 
using a single treatment or in successive days. On 
the other hand, Andrade et al. (2014) documented 
that with the use of equal daily doses of5 J/ cm2 bet-
ter wound healing can be achieved. In a systemic 
review done by de Lima et al. (2016) addressing 
experiments on skin wounds in rats using LLL. It 
was perceived that a protocol does not exist in view 
of a wide variation in the use of power (9to500mW) 
and fluency (1to60J/cm2); however, between the dif-
ferent wavelengths, the highlight was the combined 
use of red and infrared wavelengths showing better 
results than when used alone. 

Starting from the first day of the present study, 
both the shot and cumulative γ-irradiated animals 
showed total loss of the epidermis which was ac-
companied with complete loss of rete ridges (exten-
sive skin desquamation) (Fig. 4&5). These findings 
are in accordance with those reported by Wong et al. 
(2013) who stated that IR is mostly absorbed by the 
epidermal layers with resultant damage of the epi-
dermal keratinocytes. They added that the reaction 
of the epidermis to radiation exposure is the most 
extensively documented amongst all tissues. 

Radio-sensitivity is highest in cells which are 
highly mitotic or undifferentiated. The cells most at 
risk are the basal cells of the epidermis; these are 
gradually lost after irradiation leading to the devel-

opment of epidermal hypoplasia. Severe hypoplasia 
was identified as moist desquamation (Goodman, 
2010).

Data of the present study as regards to moist des-
quamation of the skin where the epidermis was lost 
with accompanying dermal edema in the Cumulative 
γ-irradiated group (Fig. 10) is justifiable with that 
observed by Rezvani et al. (2002) who reported the 
development of moist desquamation in rats as a re-
sult of whole body γ-irradiation (WBI) with graded 
sub lethal doses of γ-rays. 

In the present study, pathologic changes induced 
by exposure of mice to γirradiation was evident in 
the shot γ-irradiated group in the form of severe des-
quamation, loss of rete ridges sebaceous glands and 
hair follicles as well as the presence of dense diffuse 
dermal thickening due to edema (Fig. 4,5).

Wynn and Vannella (2016) stated that  Chronic 
inflammation is a lengthy process, in which active 
inflammation, tissue destruction, and attempts at 
healing occur in a simultaneous manner and is char-
acterized by the infiltration of mononuclear inflam-
matory cells, tissue destruction, and attempts at heal-
ing by fibrosis and angiogenesis. 

It is worth mentioning to indicate that the inflam-
mation and tissue destruction in the present experi-
ment was more pronounced in the cumulative- γ irra-
diated mice (Fig. 10). Our results are in accordance 
with those of Kinoshita et al. (2016) who came into 
conclusion that skin exposure to IR in fractionating 
mode has strong damaging effect compared to those 
produced by the same dose if given in a single shot.  

Destruction of the pilosebaceous unites in both 
IR groups included in the present study was evident 
from the day one. (Fig. 4&5) in the shot group and 
in the commutative group as well (Fig. 9). Poeggeler 
et al. (2010) came to the conclusion that the hair fol-
licle is highly sensitive to IR-induced skin damage 
due to its rapidly proliferating matrix keratinocytes.
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Resolution of the pathologic changes in the der-
mis of the shot γ-irradiated group under the influence 
of He-Ne irradiation resulted in its regaining of its 
normal thickness in the form  of  non-oedematous 
connective tissue with newly formed vessels (Fig. 
8&9). As regard to the cumulative –laser group, laser 
therapy stimulated the deposition of dense collagen-
ous infiltration, neovascularisation, besides enhanc-
ing the organization of collagen fibres and increas-
ing the number of newly formed vessels. The ob-
servations strongly indicate that He-Ne LL therapy 
is efficient in accelerating the skin healing process 
probably by modulating the inflammatory phase and 
inducing collagen synthesis.

Our results are in accordance with those of Melo 
et al. (2011) who documented that LLL enhanced 
healing of surgical wounds by increasing deposi-
tion of collagen fibres’ and increasing the number of 
newly formed vessels. 

Several mechanisms were suggested to explain 
the anti-inflammatory effect of LLL. Piva et al. 
(2011) documented that reduction in the inflammato-
ry process by LLL is through modulating inflamma-
tory mediators (IL-1b, IL-6) and inflammatory cells 
(macrophages and neutrophils).The anti-inflamma-
tory role of near- infrared light-emitting diodes was 
justified by Ibe et al. (2015).

Another important feature of the current study 
was that the use of LL He-Ne laser resulted in a re-
growth of the damaged hair follicle as evidenced 
by the presence of many hair follicles scattering 
throughout the whole dermis .This type of laser was 
as well, able to stimulate hair growth in the deep sub-
cutaneous layer which is normally devoid of hair fol-
licle (in the shot-laser group Fig. 7&8) & (Fig. 9 in 
the commutative-laser group).

LLLT has been demonstrated to promote hair 
growth in androgenic alopecia in human (Lanza-
fame et al., 2014). In addition, experimental stud-
ies have shown that LLLT stimulated hair growth 

in mice subjected to chemotherapy-induced alope-
cia (Avram, 2007&2009; Ommed, 2018 & Manab, 
2018). Wu et al. (2015) stated that to avoid side ef-
fects of hair follicle injury and scarring, appropriate 
combination of beam energy and density is required 
in the chosen laser.

The data of the present study highlighted the 
importance of LLL therapy as an efficient mean of 
accelerating the skin regeneration particularly after 
WBI. It highlights the potential therapeutic value 
of low level He-Ne laser in stimulating hair growth 
in the dermis after near total destruction of skin ap-
pendages as well as in deep subcutaneous tissue.
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