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ABSTRACT
Introduction: Retinal degeneration had been increased as a common cause of blindness nowadays. Stem cells could be a 
promising therapy for treating retinal degeneration.    
Aim of the work: To investigate the possible role of BMSCs on the damaged retina resulting from continuous fluorescent 
light exposure.
Materials and Methods: Twenty- five albino rats (80- 100) gm were used in this study. Of which, 5 rats were used for 
preparation of the BMSCs. The other twenty adult rats were divided into three groups. Rats of the control group were kept in 
12 hrs light/ 12 hrs dark. Rats of group II (fluorescent light exposure group) were exposed to two 20W white fluorescent lamps 
60 cm length continuously for 2 weeks at an illumination of 500 Lux. Group II rats were examined 8 weeks after fluorescent 
light exposure. Group III animals were injected once by PKH 26–labeled BMSCs into the vitreous cavity of the eye at the end 
of the second week of fluorescent light exposure and kept for 8 weeks. Retinal specimens were prepared for light (LM) and 
electron microscopic (EM) examination. Morphometric and statistical study was performed.
Results: Sections of group II showed thinning and disorganization of outer segments. There were spaces and disorganization 
of the cells of the outer and inner nuclear layers. Most ganglion cells had vacuolated cytoplasm and some appeared with dense 
nuclei. Most of retinal cells had distorted organelles. Immunohistochemical reaction revealed significant increase in GFAP 
immune reaction.  Statistical analysis revealed a significant decrease in the thickness of most retinal layers. Meanwhile, group 
III retinas showed restoration of most of the histological structure. 
Conclusion: BMSCs could ameliorate retinal degeneration resulted from continuous fluorescent light exposure. 
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INTRODUCTION                                                                 

World-wide, retinal diseases such as glaucoma, age-
related macular degeneration, proliferative diabetic 
retinopathy and other degenerative retinal diseases that can 
end in blindness are estimated to affect more than 12% of 
individuals over the age of 40[1]. 

Exposure to high levels of visible light was found to 
cause hyper permeability of retinal pigmented epithelium 
leading to degeneration of photoreceptors[2]. Nowadays, 
fluorescent light is the most common artificial source of 
lighting. Retinal light injury was found to be caused by 
environmental exposure to fluorescent light[3].

Over the past few years, identification and 
characterization of stem cells led to potential use of them as 
a promising cell replacement therapy. The use of stem cells 
as a therapeutic option for treating retinal dystrophies might 

help to restore vision by repopulating the damaged retina 
and rescuing retinal neurons from further degeneration[4]. 

Many attempts to regenerate retina with neural stem 
cells have been made. Experimental transplantation of 
brain derived stem cells, bone marrow - derived neural 
stem cells and retinal specific progenitors in experimental 
models of retinal degeneration have resulted in mixed 
success[5].

On the other hand, the human embryonic stem cells 
have the potential to differentiate into retinal cells and their 
retinal microenvironment supports their differentiation 
towards a photoreceptor fate[6]. These findings widen the 
prospects of the potential use of these cells for retinal 
regeneration. Human embryonic stem cells (hESCs)-derived 
retinal pigment epithelial (RPE) cells were successfully 
transplanted into patients with macular degeneration with 
limited adverse events due to immunosuppressive regimen 
on long term transplantation[7, 8].
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Bone marrow mesenchymal stem cells (BMSCs) have 
become the cells of choice in cell-based therapy because 
of their autologous characteristics, multipotency, relative 
ease of isolation and high culture expansion[9]. BMSCs 
proven to be safe and well-tolerated when administered 
intravitreally in rabbits[10].

AIM OF THE WORK                                                                 

To study the possible therapeutic role of bone marrow 
mesenchymal stem cells on the damaged retina exposed to 
continuous fluorescent light in adult male albino rats.

MATERIALS AND METHODS                                                                 

Twenty-five albino rats 180-200 gm were used in this 
work Five rats were used for preparation of the BMSCs. 
The animals were maintained in clean wire mesh cages 
under standard laboratory conditions of humidity and 
temperature with free access to food and water. The whole 
experiment was carried out in the Animal Research Center 
in accordance with the animal care and use guidelines of 
the scientific research Ethical Committee of Faculty of 
Medicine, Ain Shams University.  

The twenty adult male rats were divided into three 
groups as follow:

Group I: (control group): included 10 rats: Animals of 
this group were subdivided into two equal subgroups; 5 
animals each: Subgroup Ia: Animals of this subgroup were 
housed in normal cyclic light environmental conditions (12 
hours of light and 12 hours of darkness) for 2 weeks then 
kept for 8 weeks.

Subgroup Ib: Animals of this subgroup were subjected 
to normal cyclic light conditions for 2 weeks. After that, the 
animals were slowly injected in the vitreous cavity (upper 
nasal part, 1mm from the limbus) with 20 µl of phosphate 
buffered saline (PBS) and kept for 8 weeks after injection.

Group II: (fluorescent light exposure group) included 
5 rats: Animals of this group were put in top opened 
(fenestrated) cages illuminated continuously by two 20W 
white fluorescent lamps 60 cm length for two weeks. 
The lamps were hung up at a distance of 30 cm from the 
animal cages at an illumination of 500 Lux[11]. Animals of 
this group were kept for 8 weeks after fluorescent light 
exposure.

Group III: (BMSCs injected group) included 5 rats: 
Animals of this group were subjected to fluorescent light 
as in group II for 2 weeks. At the end of the second week, 
a cell suspension (20 µl) containing approximately 4×105 
of PKH 26–labeled BMSCs was slowly injected into the 
vitreous cavity of each animal[12] and they were kept for 8 
weeks after injection.

At the end of the experiment in all groups, the animals 
were generally anesthetized with diethyl ether. The right 
eyeballs were injected with 10% neutral buffered formalin 

for light microscopic study and the left ones were injected 
with 5% phosphate buffered glutaraldehyde for electron 
microscopic study. The eyeballs were then enucleated. 
The cornea and lens were removed and the posterior part 
including the retina was preserved in the same solutions.

For light microscopic study, paraffin blocks were 
prepared from the retina and 5µm thick serial sections were 
obtained and stained with:

1- Hematoxylin and Eosin stain (H&E)[13].

2- Immunohistochemical staining:

Glial fibrillary acidic protein (GFAP) antibody 
purchased from Bio genex, USA was used to detect 
astrocytes and other glial cells in a ready to use technique. 
Sections were deparaffinized in xylene for one hour. Two 
drops of primary antibody were applied and incubated 
for one hour at room temperature then washed twice 
with PBS. Two drops of biotinylated secondary-antibody 
were applied and then incubated for 30 minutes at room 
temperature then washed twice with PBS. Two drops of 
DAB solution were applied to all sections and incubated 
for ten minutes. Then sections were washed in distilled 
water and counterstained with Mayer’s haematoxylin for 
two minutes. Negative control sections were processed 
by replacing the primary antibody by phosphate                                                                                          
buffer saline[13]. 

For transmission electron microscope, small pieces 
of the retina (1-2 mm3) were fixed at 4ºC in phosphate 
buffered glutaraldehyde. The specimens were processed 
for semithin sections (1μm thick). These sections were 
stained with 1% toulidine blue and examined by light 
microscope. Ultrathin sections were stained with uranyl 
acetate and lead citrate and examined with transmission 
electron microscope (JEOL-JEM- 1010) at the Regional 
Center for Mycologyand Biotechnology (RCMB), Al 
Azhar University and electron micrographs were taken.

BMSCs were isolated from the five young rat femurs 
and tibias for culture and to be labeled by PKH26.

BM-MSCs were characterized through flowcytometry 
(14) to confirm that these cells maintain their phenotypic 
characteristics after growth in culture.

Morphomrtric and statistical study
The mid-center region of the retina in five different 

stained sections from five different rats were examined in 
each group, (five high power fields /section) to measure:

a) The mean thickness of outer nuclear layer.

b) The mean thickness of inner nuclear layer.

c) The mean area percentage of GFAB positive immune 
reaction.

The measurements were done by using an image 
analyzer Leica Q win V.3 program installed on a computer 
in the Histology Department, Faculty of Medicine, Ain 
Shams University. The computer was connected to a Leica 
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DM2500 microscope (Wetzlar, Germany).

The measurements were expressed as mean ± SD and 
statistically analyzed for significant differences between 
groups using IBM SPSS statistics software (version 20 
IBM Corporation, New York, USA). The comparison in 
the measured data among different groups was statistically 
analyzed using one-way analysis of variance (ANOVA). 

The probability of chance (p value) is used to determine 
the significance of data: 

• P value ≥ 0.05 is statistically insignificant. 

• P value < 0.05 is statistically significant.

RESULTS                                                                    

I)  Morphology of the primary culture of rat BMSCs 
as evident by the phase contrast microscope:

Examination of the rat bone marrow primary culture 
on days 1, 3, 4 and 6 was done. On day seven, the cells 
in culture were stained with Giemsa stain. The cells were 
mostly confluent. The cells had multiple inter-digitating 
processes. The cytoplasm of the cells appeared bluish, 
granular with vesicular nuclei (Fig. 1).

On day five after subculture, the attached cells 
formed colonies. Most of the cells were spindle shaped 
and star shaped with granular cytoplasm and vesicular                                   
nuclei (Fig. 2).

II) Characterization of BMSCs by flowcytometry 
(Histogram 1)

Flow cytometry analysis revealed that the cultured cells 
after subculutured them expressed CD 29 (Histogram 1a), 
CD 90 (Histogram 1b). However, they did not express CD 
34 (Histogram 1c). The cells maintained their phenotype 
characters throughout the passages.

III) Light microscopic examination of the rat retina
Examination of H&E stained retinal sections of the 

control group showed from the choriod to the vitreous 
body, the retinal pigment epithelium (RPE) which 
appeared as a row of rounded cells with flattened nuclei. 
The photoreceptor layer contained the rod and cone cells. 
The outer limiting membrane (OLM) was seen between the 
inner segment of photoreceptor cells and the outer nuclear 
layer. The outer nuclear layer (ONL) formed of densely 
packed nuclei of rod and cone cells. The outer plexiform 
layer (OPL) was seen between ONL and inner nuclear 
layer (INL). It contained blood vessels. The nuclei of INL 
appeared larger and paler in comparison to the outer nuclear 
layer. The inner plexiform layer (IPL) was located between 
the INL and the ganglion cell layer (GCL). It appeared 
thicker than the outer plexiform layer. The ganglion cell 
layer was formed of rounded and variable sized cells. 
These cells were paler, larger than those of the other nuclear 
layers. The nerve fiber layer (NFL) was composed of axons 

of the ganglion cells. The inner limiting membrane (ILM) 
separated the retina from the vitreous body (Fig. 3). 

Examination of both control subgroups (Ia and Ib) 
showed the same light microscopic results.

Examination of H&E stained retinal sections of 
group II showed an apparent decrease in thickness of all 
retinal layers with disorganized outer and inner segments 
of photoreceptors compared to control group. The INL 
showed dilated blood vessels extending to the ONL. There 
was vacuolation of the GCL with the presence of congested 
blood vessels and some deeply stained nuclei (Fig. 4). By 
morphometric analysis, there was a significant decrease                                                                                                              
(P< 0.05) in both INL and ONL thickness in group 
II compared to both groups I and III (Table 1 and                
Histogram 2). 

Examination of H&E stained sections of group III 
showed apparent increase in the thickness of the retinal 
layers compared to group II. The outer and inner segments 
of photoreceptors appeared well organized. There were 
dilated and congested blood vessels in GCL as well as the 
INL and OPL. Migrating cells in the inner nuclear, inner 
plexiform and the inner and outer segments of rod and cone 
layer were observed (Fig. 5). By morphometric analysis, 
the increased thickness of outer and inner nuclear layers 
was significant (P< 0.05) (Table 1 and Histogram 2).

The control group (group I) showed that the Glial 
fibrilary acidic protein (GFAP) immunohistochemical 
staining revealed negative immunoreactivity in the outer, 
inner nuclear layers. A positive immune reaction confined 
to astrocytes of the nerve fiber layer and GCL was detected 
(Fig. 6). The GFAB immunohistochemical staining of 
group II showed a positive immune reaction in the GCL 
and around its blood vessels with fine processes extending 
from the IPL toward the INL (Fig. 7). In addition, the 
GFAP immunohistochemical staining of group III revealed 
a positive immune reaction in the astrocytes of the internal 
limiting membrane, nerve fiber layer and around blood 
vessels in ganglion cell layer with fine processes extending 
up to the outer nuclear layer (Fig. 8). By morphometric 
analysis, there was a significant increase in GFAP positive 
immune reaction (P< 0.05) in group III as compared with 
group I (Table 1and Histogram 2).

IV) Transmission electron microscope (TEM) 
examination 

The retinas of the control group showed that the RPE 
cells resting on Bruch’s membrane and had basal rounded 
nuclei. Their cytoplasm contained basal mitochondria 
and small, spars dense bodies. The outer segments of 
photoreceptor cells were seen containing a stack of regularly 
arranged discs surrounded by a plasma membrane (Fig. 9). 

The outer nuclear layer contained cell bodies of 
rod and cone cells. The predominant nuclei of rod cells 
showed highly condensed chromatin. Cone cells were also 
observed containing paler nuclei with coarse aggregations 
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of chromatin lying peripherally close to the nuclear 
membrane (Fig. 10). 

In the inner nuclear layer, horizontal cells appeared 
with large oval electron lucent nucleus. The nuclei of 
bipolar cells appeared rounded or elliptical in shape and 
surrounded by thin rim of cytoplasm. Muller cells contained 
nuclei of high density and showed numerous processes. 
Glial cells also appeared between the cells of INL with 
electron dense nucleus (Fig. 11). Ganglion cells showed 
large euchromatic nuclei with irregular nuclear envelope 
and prominent nucleoli. Their cytoplasm contained many 
mitochondria, smooth and rough endoplasmic reticulum 
(Fig. 12).

TEM examination of the retinas of group II showed 
that the pigment epithelial cells contained relatively 
many apical dense bodies and basal mitochondria. The 
microvilli appeared less organized than that of the control 
group (Fig. 13). The outer segments of photoreceptor cells 
appeared less organized with loss of normal orientation of 
its lamellar discs. Some discs showed vesicular changes 
(Fig 14). The nuclei of photoreceptors of the ONL showed 
wide spaces in between (Figs 15 and 16). Some rod cells 
appeared smaller with much condensed heterochromatin of 
their nuclei (Fig. 16). 

Dilatation of the blood vessels was noticed in the 

OPL. Multiple spaces were also seen in the INL (Fig 17). 
Ganglion cell layer showed some shrunken and electron 
dense nuclei. Most of the ganglion cells cytoplasm 
contained dilated endoplasmic reticulum and degenerated-
mitochondria. The synaptic nerve terminals appeared 
dilated and vacuolated (Fig 18).

Examination of TEM sections of group III showed 
apparently normal retinal pigment epithelial cells nearly 
as that seen in control rats with few dense bodies, basal 
mitochondria and regular well organized microvilli                      
(Fig. 19). Regularly arranged and numerous outer segments 
of photoreceptor cells with normal lamellar orientation of 
their discs were detected (Fig. 20). There was an apparent 
increase in the number of photoreceptor cells with no 
spaces in between the cells nearly similar to control                                                                                                          
(Fig 21). The INL contained many cells with irregular 
outline and euchromatic nucleus with peripheral 
heterochromatin (Figs 22). The GCL showed ganglion 
cells with euchromatic nuclei and prominent nucleoli. 
The cytoplasm of ganglion cells is rich in ribosomes, 
mitochondria and rough endoplasmic reticulum (Fig 23).

Labeled stem cells results: Injection of PKH26 labeled 
BMSCs into the vitreous body of eye of group III animals 
detected many labeled stem cells in the ONL, INL and in 
GCL of the retina (Fig 24).

Table 1: Showing the mean values ± SD of the thickness of ONL and INL in (μm) and the mean area percentage of GFAB positive immune 
reaction in different groups.

Group IIIGroup IIGroup IRetinal measurements

37.9 ± 1.12•16.8 ± 0.83*40.7 ± 0.92The thickness  of ONL

30.7 ± 2.18•18.5 ± 1.18*31.6 ± 0.61The thickness  of INL

6.89 ± 2.0▲4.43 ± 0.73▄2.4 ± 0.79GFAP +ve reaction

•Indicates a significant increase as compared with group II (P< 0.05), * Indicates a significant decrease as compared with control and group III 
(P< 0.05), ▄ Indicates a non significant increase as compared to control (P>0.05), ▲ Indicates a significant increase as compared to control 
(P< 0.05).

Histogram 1: Flowcytometric analysis of specific cell surface markers of rat BMSCs (1a) positive marker CD 29, (1b) positive marker CD 
90 and (1c) negative marker CD34
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Histogram 2: Showing the mean values ± SD of the thickness of ONL and INL in (μm) and the mean area percentage of GFAB positive 
immune reaction in different groups

Fig 1: A phase contrast photomicrograph of seven days cultured 
rat BMSCs showing cells having bluish cytoplasm and vesicular 
nuclei.		
			                         (Giemsa stain x 200)

Fig. 2: A phase contrast photomicrograph five days after 
subculture of BMSCs showing spindle and star shaped cells with 
granular cytoplasm and vesicular nuclei.                                                                       
                                                           (phase contrast microscope x200)



334

Stem cells therapy in induced retinal damage in Albino rat: Histological study

Fig. 3: A photomicrograph of a section of a rat retina of group 
I showing the ten layers of the retina : pigment epithelial cells 
(1), the outer segments of rods and cones (2), the outer limiting 
membrane (3), the outer nuclear layer (4), the outer plexiform 
layer (5), the inner nuclear layer (6), the inner plexiform layer 
(7), the ganglion cell layer (8), nerve fiber layer (9) and the inner 
limiting membrane (10). Note the blood vessels (↑) in layers 
number 5 and 9.
                                                                                     (H&E x400)

Fig. 4: A photomicrograph of a section in a rat retina of group II 
showing disorganized outer and inner segments of photoreceptors. 
There are spaces, disorganization with an apparent decrease in the 
thickness of the ONL. Notice the dilated blood vessels (↑) in INL 
that extend to ONL. There is also cytoplasmic vacuolation of the 
GCL (*) around a congested blood vessel (↑↑) and some cells had 
deeply stained nuclei (<).                          
                                                                                    (H&E x400)

Fig. 5: A photomicrograph of a section in a rat retina of group 
III showing an apparent increase in the thickness of the retinal 
layers. There are dilated and congested blood vessels in INL, 
OPL and GCL (↑). Note the presence of some cells in between 
outer and inner segments of photoreceptors as well as in inner 
plexiform layer (<).                      
                                                                                           (H&E x 400)

Fig. 6: A photomicrograph of a section in a rat retina of group 
I showing positive GFAP immune reaction for astrocytes of 
ganglion cell layer and nerve fiber layer (↑).
                                                  (Streptavidin-biotin peroxidase x 400)
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Fig. 7: A photomicrograph of a section in a rat retina of group 
II showing a positive GFAP immune reaction in the GCL and 
around its blood vessels with fine processes extending in the IPL.                                           
                                            (Streptavidin-biotin peroxidase x400)

Fig. 8: A photomicrograph of a section in a rat retina of group III 
showing positive GFAP immune reaction in the ILM and NFL 
with many processes extending up to the ONL (↑).                                                              
                                                    (Streptavidin-biotin peroxidase x400)

Fig. 9: Electron micrograph of group I showing retinal pigment 
epithelium (P) rests on Bruch’s membrane (B). The cell contains 
basal mitochondria (») and few dense bodies (›). The outer 
segments of photoreceptor cells (▲) appear with regularly 
arranged lamellar discs.
                                                                                      (TEM x4000)

Fig. 10: Electron micrograph of group I showing the rod and cone 
cells of the outer nuclear layer. Rod cells (R) nuclei have central 
condensed heterochromatin while cone cells (C) nuclei are lighter 
with coarse chromatin lying peripherally                                                                        
                                                                                     (TEM x5000)
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Fig. 11: Electron micrograph of group I showing IN L containing 
bipolar cells (B).  Muller cells (M) with multiple processes, 
horizontal cell (H) and glial (G) cell. 	                     
                                                                                        (TEM x6000)

Fig. 12: Electron micrograph of group I showing a ganglionic 
cell having large euchromatic nucleus (N) and irregular nuclear 
envelop (↑). Its cytoplasm contains mitochondria (›) and SER («). 
A microglia cell (M) containing many lysosomes appears beside 
the ganglion cells. 	   
                                                                                           (TEM x6000)

Fig. 13: Electron micrograph of group II showing the pigment 
epithelial cells (P) resting on Bruch’s membrane (B) with basal 
mitochondria («) and many apical dense bodies (↑). The microvilli 
(*) and the discs of outer segments (O) of photoreceptor cells 
appear disorganized.	                                      
                                                                                  (TEM x5000)

Fig. 14: Electron micrograph of group II showing the outer 
segments of photoreceptors appear disorganized with loss of 
normal orientation of its lamellar discs (›). Some show vesicular 
changes (↑).	
                                                                                                                  (TEMx8000)      
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Fig. 15: Electron micrograph of group II showing the outer (O), 
inner (I) segments of photoreceptor cells and the external limiting 
membrane (E). The rod (R) and cone (C) nuclei in the ONL 
appear with wide spaces in between (*).
                                                                                           (TEM x3000)

Fig. 16: Electron micrograph of group II showing the cone (C) 
and rod (R) photoreceptor cell nuclei surrounded with cellular 
processes (<). Some rod cells appear smaller with condensed 
heterochromatin (↑) in their nuclei. Notice many wide spaces 
appear in between the cells (*).
	                                                                        (TEM x8000)

Fig. 17: Electron micrograph of group II showing the OPL 
containing a dilated blood vessel (V). The INL contains bipolar 
(B), Muller (M) and horizontal (H) cells. Notice the wide spaces 
in between the cells (*). 
	                                                                   (TEM x 4000)

Fig. 18: Electron micrograph of group II showing ganglion cells 
with euchromatic nucleus (↑).  The cytoplasm of the cells contain 
dilated rough endoplasmic reticulum, degenerated mitochondria 
(›) and many dilated smooth endoplasmic reticulum («). An 
electron dense and shrunken nucleus is observed (↑↑). Notice the 
distorted synaptic nerve terminals (*).                                   
                                                                                  (TEM x8000)
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Fig. 19: Electron micrograph of group III showing the pigment 
cell with scattered apical dense bodies (↑) and many mitochondria 
(▲). Note many well defined microvilli (<).                                                                                                         
                                                                                         (TEM x 6000)

Fig. 20: Electron micrograph of group III showing the outer 
segments of photoreceptors. They appear with regularly arranged 
lamellar discs.
                                                                                  (TEM x8000)

Fig. 21: Electron micrograph of group III showing an apparent 
increase in the number of photoreceptor cells with no spaces in 
between. 
                                                                                          (TEM x5000)

Fig. 22: Electron micrograph of group III showing the inner 
nuclear layer containing many cells with irregular outline and 
their nuclei appear with peripheral heterochromatin (↑).                                                                                                                 
                                                                                      (TEM x 5000)
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Fig. 23: Electron micrograph of group III showing a large 
ganglion cell with euchromatic nucleus and prominent nucleolus 
(↑). The cytoplasm contains many ribosomes, mitochondria and 
rER.
	                                                                  (TEM x 6000)

Fig. 24: Fluorescence micrograph of group III showing positive 
PKH 26 labelled stem cells scattered in ONL, INL and GCL.
                                                       (Fluorescent microscope x200)               

DISCUSSION                                                                   

Blindness can result from a number of inherited retinal 
and retinal-neuronal degenerative diseases, such as retinitis 
pigmentosa and age related macular degeneration[1]. 
Besides, light can also affect the photoreceptors and 
lead to its degeneration[3]. We used light damage as a 
model of retinal degeneration. Current therapies can slow 
progression, but cannot restore lost neurons or vision. 
Thus, Stem cell based therapy is a hope in the strategies for 
therapeutic retinal regeneration.	

This study revealed that continuous fluorescent light 
exposure of albino rats caused retinal degeneration 
and apoptosis of the photoreceptors. Previous 
immunohistochemical study suggested that oxidative stress 
was the cru¬cial risk factor for photoreceptor degeneration. 
This was evidenced by the toxic reactive oxygen species 
gen¬erated in the retina after light exposure. This 
suggested that light– induced cell death occurred through 
the intrinsic apoptotic pathway under oxidative stress[3]. 
Retinal degeneration might be attributed to the sensitivity 
of the retina to oxidative stress as it is one of the tissues that 
have highest oxygen consumption levels in the body[15]. 
Moreover, it was proved that continuous light exposure 
of the retinal tissue generated free radicals and reactive 
oxygen species. These products caused damage of the 
photoreceptors and other retinal tissues[16].

In the present work, apoptosis and nuclear changes in 
the inner nuclear and outer nuclear layers were detected 
by light microscopic and TEM examination. It appeared in 
the form of spacing, nuclear chromatin condensation and 
pyknosis. Similar findings had been previously reported 
and proved by presence of TUNEL-positive nuclei in the 
inner nuclear layer, ONL and also in the ganglion cell layer 
of the retina of Albino rats[3 and 11]. 

In the current study, the ganglion cells (GCs) were also 
affected in the fluorescent light exposure group. Many GC 
had deeply stained nuclei with vacuolated cytoplasm and 
distorted organelles. It was revealed that retinal ganglion 
cells are responsible for detecting light and suppressing 
melatonin production and these cells are most sensitive to 
blue/violet light[17]. This was explained by some authors as 
when light enters the eye, it interacts with the mitochondria 
in ganglion cell axons and produce reactive oxygen species 
(ROS) that causes DNA damage by means of the intrinsic 
apoptotic pathway[18]. Thus ganglion cells are susceptible to 
damage particularly as they are present in the most internal 
layer and their axons are rich in mitochondria. 

On the other hand, in this research distorted outer 
and inner segments of photoreceptors were detected after 
fluorescent light damage in group II and the thickness of 
ONL significantly decreased compared to other groups. 
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This came in agreement with a previous study that 
demonstrating shortening of the outer and inner segments 
of most photoreceptors and even vanished gradually after 
light injury. The number of ONL cells was decreased and 
apoptosis of photoreceptors also occurred as time went 
on. These results were supported by TUNEL staining and 
statistical analysis[19].

Moreover, in group II alteration of the retinal 
pigment epithelial cells occurred in the form of increase 
in dense bodies and distorted microvilli.  These finding 
can be explained by a previous work mentioned that 
the retinal pigmented epithelial cells maintained the 
health of photoreceptors by recycling photopigments, 
metabolizing, storing vitamin A and phagocytosing shed 
photoreceptor segments[20 and 21]. Moreover, it was proved 
that degeneration of RPE was related to oxidative stress as 
it contains antioxidant enzymes involved in detoxification 
or synthesis[22].

In addition, the atrophic or degenerative retinal 
diseases, genetic and environmental factors led to immune 
mediated oxidative stresses that had compromised the 
retinal pigment epithelium[23]. 

The degenerative changes in retina continued for 
8 weeks after light exposure in group II  was consistent 
with Wasowicz et al. 2002 who focused on the long-term 
continuation of morphologic and biochemical damages 11 
weeks after exposure[11]. They proved that phototoxicity 
provoked durable retinal alterations beyond the period of 
lighting, suggesting progressive and probably continuous 
modifications of retinal physiology.

The light and electron microscopic examination of group 
II revealed increase in the number of Muller cells with more 
extensive processes as demonstrated by GFAP immune 
reaction. Alike, Marc and colleagues, 2008 considered 
reactive gliosis in Muller cells as a sign of remodeling in 
response to a wide variety of ocular conditions; among 
them is light damage[24]. Reactive gliosis is a cytological 
alteration involving Muller cells affecting its axons and 
processes. They appeared as a classical astrocytic scar.

The photoreceptors degeneration and loss can be 
attributed to presence of toll like receptors (TLRs)[25]. 
Moreover, some authors found that TLR4 activation 
caused photoreceptor death due to oxidative stress in vivo 
and in vitro[26 and 27].

For their advantages of; easy isolation and good culture 
properties and their high expansion potential made them 
an ideal source for transplantation and a cell-based therapy 
for retinal degeneration[4], BMSCs were used to repair 
damaged retina in group III.. In addition, BMSCs secrete 
various neurotrophic factors that activate compensatory 
processes in abnormal tissues[28, 29]. Also, BMSCs produce 
several matrix molecules and have a great potential to 
repair damage resulting from injury, ischemia, and normal 
aging[30] .

Meanwhile, it was demonstrated that BMSCs had 
a vasculotrophic and neurotrophic effects and rescued 
retinal blood vessels when injected intravitreally into mice 
with retinal degenerative disease[31]. Moreover, BMSCs 
from adult human donors are safe and well-tolerated 
when administered intravitreally up to a dose of 15 × 106                  
cells/ml in rabbits[10]. 

In the present study, the preferred route of administration 
of BMSCs was the intravitreal route rather than subretinal 
one. Similarly, Castanheira et al. 2008demonstrated that 
the subretinal implantation of stem cells was a more 
demanding and complex procedure while the intravitreal 
injection was a more popular and a much less invasive 
procedure[12].

In the present work, PKH26 labelled BMSCs were 
injected into the vitreous cavity in group III. The PKH26 
labelled BMSCs were detected by fluorescent microscope 
in the ONL, INL and GCL in group III with less spaces and 
significant increase in the thickness of ONL and INL. Alike, 
Castanheira et al. 2008 detected BM-MSCs in the ONL, 
INL, and the GCL after intravitreal injection[12]. Whereas 
the MSCs were not only incorporated in the retinal tissue 
but also differentiated into specific cellular components. 
Some MSCs were differentiated into cells that resembled 
microglia rather than neural cells.

Moreover, it was reported that after retinal injury, 
the animals treated with BMSCs transplantation had 
significantly a smaller percentage of apoptotic ONL cells 
than did the light damage animals. The authors attributed 
the rescue effects observed after BMSCs transplantation to 
the trophic effects of BMSCs and not to its differentiation 
to neural cells[19]. In addition, it was proved that BMSCs 
had the capacity to produce some kinds of trophic factors 
in the light-damaged model eye. These neurotrophic factors 
caused inhibition of the photoreceptor apoptosis[32- 34]. 

The current study revealed improvement in the stem 
cells treated group. There was significant increase in 
the thickness of all layers. TEM examination revealed 
decrease in the degenerative features. The retinal pigment 
epithelial cells regained. The outer and inner segments 
of photoreceptors became more organized and longer. 
Less apoptosis and few spaces were detected in the 
photoreceptor layers. Most ganglion cells appeared nearly 
normal. There was also increase in GFAP positive immune 
reaction. These results were supported by previous studies 
demonstrating that intravitreally injected BMSCs could help 
in amelioration and repair of the retinopathy through their 
incorporation into the retina as endothelial cells, microglia, 
and photoreceptors (35-37). In addition, it was proved by 
staining with antibody against rhodopsin that epiretinal 
transplantation of BMSCs preserved rod photoreceptor cell 
structure for up to 20 weeks. The ONL showed more layers 
of cells following stem cell transplantation [38].

In group III, we detected an increase in GFAP positive 
reaction  attributed to the labeled BMSCs differentiated 
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into glial cells expressing GFAP[39]. Noteworthy, astrocytes 
which surround blood vessels usually participate in the 
response to injury by formation of synapses, help in 
the phagocytic removal of unwanted synapses, and in 
neurotransmitter recycling[41].

Interestingly, Müller cells, which are the primary 
source of new neurons, are therefore considered as the 
cellular basis for retinal regeneration in mammalian 
retinas. Besides, Müller stem cells might play regenerative 
role in retinal repair and replacement[42].

CONCLUSION                                                                  

Intravitreal injection of BMSCs could ameliorate 
retinal degeneration resulted from continuous fluorescent 
light exposure.

RECOMMENDATIONS                                                                  

• The results of the present study might be clinically 
applied for the treatment of incurable retinal degenerative 
diseases.

• Stem cells therapy might represent a promising new 
therapeutic strategy that assists the repair of the damaged 
retinas.

• Much effort has to be exerted to enhance the 
differentiation of the stem cells to neural retinal cells. 
Addition of specific growth factors might lead to hopeful 
results.

• Induced pluripotent stem cells (IPSCs) also might be 
used to avoid immune rejection reactions.
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الملخص العربى

 العلاج بالخلايا الجذعية في تلف الشبكية المستحث تجريبياً في الجرذان البيضاء : دراسة 
هستولوجية

فيكة حسن كمال الإبيارى ، محمد عبد الرحمن أحمد مكاوى ، عبير عبد الصمد ، ايمان نجم
قسم الهستولوجى ، كليةالطب ، جامعة عين شمس ، القاهرة ، مصر

المقدمة : لقد ازداد انحلال الشبكية كسبب شائع للعمى في الوقت الحاضر. يمكن للخلايا الجذعية أن تكون علاجًا واعداً له.
الهدف من البحث : هدفت هذه الدراسة إلى دراسة الدورالمحتمل لخلايا النسيج الأوسط الجذعية على الشبكية التالفة الناتجة عن 

التعرض المستمرللضوء الفلوريسنتي.
مواد وطرق البحث: تم استخدام 25 جرزألبينوفى هذه الدراسة. تم استخدام 5 منها تزن 80- 100 جم لتحضيرخلايا النسيج 
ثلاث  إلى  تقسيمها  وتم  التجريبي  للإجراء  جم   200-180 تزن  التي  جرزالأخرى  العشرين  واستخدمت  الجذعية.  الأوسط 
من  الجرذان  تعرضت  الظلام.  في  ساعة   12  / الضوء  فى  ساعة   12 الضابطة  المجموعة  بجرذان  الاحتفاظ  تم  مجموعات. 
المجموعة الثانية )مجموعة التعرض للضوء الفلورسنت( إلى الضوء بواسطة مصباحين فلورسنتين أبيض 20 واط وطولهم 60 
سم بشكل مستمرلمدة أسبوعين عند قوة إضاءة 500 لوكس. تم فحص جرذان المجموعة الثانية بعد 8 أسابيع من التعرض للضوء 
الفلورسنتي. تم حقن حيوانات المجموعة الثالثة مرة واحدة بخلايا النسيج الأوسط الجذعية المعلمة ب PKH26 في تجويف الجسم 
الزجاجى للعين في نهاية الأسبوع الثاني من التعرض للضوء الفلوريسنتي واحتفظ بها لمدة 8 أسابيع. تم إعدادعينات الشبكية 

للفحص بالميكروسكوب الضوئي والإلكتروني. تم إجراء دراسة مورفومترية وإحصائية.
النتائج : أظهر فحص أجزاء من الجرذان من المجموعة الثانية ترققاً وتشوها للأجزاء الخارجية من مستقبلات الضوء. كانت 
هناك فراغات وخلل في ترتيب خلايا الطبقات النووية الخارجية والداخلية. معظم الخلايا العقدية كان تتحتوى على السيتوبلازم 
المفرغ ، وكانت بعضها تحتوى علي أنوية داكنة ومنكمشة. معظم خلايا الشبكية كانت تحتوي علي عضيات مشوهة. أظهرالتفاعل 
المناعي الكيميائي زيادة في تفاعل مناعي GFAP. كشف التحليل الإحصائي عن انخفاض كبير في سمك معظم طبقات الشبكية. 

وفي الوقت نفسه، أظهرت شبكية العين بالمجموعة الثالثة استعادة معظم البنية النسيجية.
الإستنتاج : يمكن لخلايا النسيج الأوسط الجزعية تخفيف انحلال الشبكية الناتجة عن التعرض المستمر للضوء الفلورسنت.


