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ABSTRACT
Introduction and Objectives: Diabetic retinopathy is a serious ocular complication of diabetes and the leading cause of 
blindness and loss of vision in developed and developing countries. The present study aimed to investigate and compare 
the possible ascorbic acid (AA)-enhanced therapeutic effect of bone marrow hemopoietic stem cells (BMHSCs) to adipose 
mesenchymal stem cells (AMSCs) on streptozotocin (STZ)-induced early diabetic retinopathy (DR) in male albino rat model. 
Methods and Results: 30 adult male albino rats were divided into: Donor group: 2 rats for BMHSCs and AMSCs isolation 
and culture. Group І (Control Group): 6 rats, Group II (DR Group): 8 rats, 50 mg of STZ were injected intraperitoneally (IP), 
Diabetes was confirmed 3 days after STZ injection by monitoring blood glucose levels. Group III (DR BMHSCs and AA-
treated Group): 7 rats, 1x106 BMHSCs, were injected IP combined with oral administration of AA at a dose of 500 mg/Kg 
daily and Group IV (DR AMSCs and AA-treated Group): 7 rats, 1x106 AMSCs were injected combined with AA as in group 
III following confirmation of diabetes. Groups I, II, III and IV were sacrificed 8 weeks following confirmation of diabetes. 
Electroretinogram (ERG), serological, biochemical, histological, morphometric and statistical studies were performed. In 
group II, neurodegenerative changes were found in the retina that regressed in groups III more obviously than IV. ERG, blood 
glucose, MDA, SOD, TNFα and qPCR were confirmative.
Conclusions: AA enhanced regenerative effect of BMHSCs was more obvious, suggesting the possibility of its application as 
a therapeutic modality for DR.
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INTRODUCTION                                                                     

Diabetic retinopathy (DR) is one of the most common 
complications of diabetes mellitus (DM) and a leading 
cause of visual impairment & blindness in diabetics. The 
currently available treatments are not effective for all 
patients, being indicated only in advanced stages of the 
disease, and have significant side effects[1]. Between 1990 
and 2015, the prevalence of DR-related visual impairment 
and blindness increased, especially in low- & middle-
income countries[2]. 

Long-term DM can lead to serious secondary 
pathologies such as diabetic retinopathy due to vascular 
damage caused by persistently elevated blood glucose 

level. In ophthalmology, anti-vascular endothelial growth 
factor (VEGF) agents have become one of the most 
effective therapeutic modalities. Their use, however, is 
contraindicated in some patients and is associated with 
adverse effects including endophthalmitis and retinal 
detachment after intra-vitreal injection[3]. Hyperbaric 
oxygen therapy may improve DR but serves as an 
adjunctive treatment for retinal ischemia and capillary 
hyperpermeability. In addition, due to its cytotoxic 
properties it may cause cataract[4].

Hyperglycemia is thought to impair the mobilization 
of hematopoietic stem cells (HSCs) and progenitor cells 
from the bone marrow (BM) through induction of stem 
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cell niche malfunction. New glucose-lowering therapies 
are specifically targeting to prevent or treat diabetic 
complications[5].

Stem cell therapy has provided a new approach to 
treat the underlying ischemia that causes microvascular 
complications in diabetes. The use of mesenchymal stem 
cells (MSCs) and tissue engineering are considered as 
possible alternatives to current therapies[6].

Recent studies commented on cytochrome P 
(CYP46a1) gene deficiency in the retina precipitating 
typical retinal changes similar to DR[7]. Another recent 
study investigated the association of gene expression, 
development and incidence of DR and identified retinal 
pigmented epithelium (RPE65) gene. Both genes may be 
crucial for management of DR in the near future[8].

Ascorbic acid (AA) is a potent antioxidant with many 
uses in the pharmaceutical and medical fields. It is well-
established that in diabetics, reactive oxygen species 
(ROS) accumulate and negatively affect organ and tissue 
function. Ascorbic acid may restore antioxidant defenses 
and improve the delivery of therapeutic agent to the active 
site[9].

The present work aimed to investigate and compare the 
possible (AA)-enhanced therapeutic effect of BMHSCs to 
AMSCs on streptozotocin (STZ)-induced early diabetic 
retinopathy (DR) in male albino rat model.

MATERIALS AND METHODS                                                

Drugs
Streptozotocin: was supplied by Sigma Company 

(St. Louis, Mo, USA) as 1g vial in a powder form to be 
dissolved in citrate buffer.

Ascorbic Acid (AA): was supplied by Development 
of Chemical Industries (Giza, Egypt) in a 1g Vitacid C 
effervescent tablet form to be dissolved in water. 

Animals
This study was conducted on 30 adult male albino 

rats (3-6 months) with an average body weight of 200 
grams. They were housed in a well-ventilated room and 
kept in hygienic stainless-steel cages with 12 hours light/
dark cycles in Kasr Al-Ainy Animal House, Faculty of 
Medicine, Cairo University. Animal Ethics Committee of 
Cairo University approved all procedures with approval 
number: CU III F 10 21.

Experimental Design
The rats were divided randomly into the following 

groups:

Donor Group, 2 rats: one rat was used for BMHSCs 
and the other for AMSCs isolation, culture, phenotyping 
and labeling. 

Group І (Control Group), 6 rats: were equally divided 
into the following subgroups:

• Subgroup IA, 2 rats:  each rat was injected 
intraperitoneally (IP) with a single dose of 0.5 ml 
citrate buffer (Vehicle of STZ).

• Subgroup IB, 2 rats:  each rat received a single 
IP injection of 0.5 ml citrate buffer and then 4 
weeks following confirmation of diabetes in the 
corresponding experimental group, a single dose 
of 1ml of phosphate buffered saline (PBS) (the 
vehicle of SCs) was given IP combined with a 
daily oral AA (500 mg/Kg) dissolved in 0.5 ml 
water using a syringe without its needle for another 
4 weeks. 

• Subgroup IC, 2 rats: each rat received citrate 
buffer, PBS and AA as in subgroup IB. 

Group II (DR Group), 8 rats: For induction of 
diabetes, each rat was injected with a single IP dose of 
STZ (50 mg/kg body weight)[10] dissolved in 0.5 ml citrate 
buffer. Diabetes was confirmed 3 days after STZ injection 
by monitoring blood glucose levels. If the animals' blood 
glucose level was ˃200 mg/dl, they were considered 
as diabetic[11]. Four weeks following confirmation of 
diabetes, one rat was sacrificed to establish the early DR by 
microscopic examination of H&E- stained retinal sections 
according to Rong et al[12].

Group III (DR, BMHSCs and AA-treated Group), 
7 rats: Induction & confirmation of diabetes and DR were 
done as in group II, then 4 weeks following confirmation, 
a single IP dose of 1x106 cultured and Feridex labeled 
BMHSCs, suspended in 1ml PBS, was injected[13]. 
Combined daily oral administration of 500 mg/Kg of 
AA[14] dissolved in 0.5 ml of water was given for each rat 
for another 4 weeks using a syringe without its needle.

Group IV (DR, AMSCs and AA-treated Group), 7 
rats: Four weeks following diabetes and DR confirmation 
as in groups II and III, 1x106 of cultured and green 
fluorescent protein (GFP) labeled AMSCs[15] together with 
AA were given as in group III.

The rats in group I (control) and its corresponding 
experimental groups II, III and IV were sacrificed 8 weeks 
after confirmation of diabetes.

In Vitro Studies
Isolation and propagation of BMHSCs[16] and AMSCs[17] 

from rats 

For BMHSCs isolation, femurs and tibiae of the 
donor rat were dissected under sterile conditions, then all 
connective tissue connected to the bones was carefully 
removed. The BM was obtained by flushing femurs and 
tibiae with Dulbecco's modified Eagle's medium (DMEM) 
(GIBCO/BRL), supplemented with 10% fetal bovine 
serum (FBS) (GIBCO/BRL).

For AMSCs isolation, rat was euthanized with CO2, and 
the adipose tissue was extracted from its abdomen. After 
washing the adipose tissues with saline solution, they were 
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incubated for 40 minutes at 37 °C in DMEM containing 
1% penicillin–streptomycin and 0.2% collagenase mixed 
solution (GIBCO/BRL). After centrifuging (at 630 g for 10 
minutes) the cell suspension, the stromal vascular fraction 
(SVF) was collected.

A density gradient [Ficoll/Paque (Pharmacia)] was 
used to isolate mononucleated cells, which were then re-
suspended in 1% penicillin-streptomycin culture medium 
(GIBCO/BRL). Cells were cultured in 5% humidified 
CO2 incubator for 12- 14 hr at 37° C. When large colonies 
(80-90% confluence) developed, two PBS washes were 
performed, and the cells were processed with 0.25% trypsin 
in 1 ml Ethylene Diamine Tetra Acetate (EDTA) (GIBCO/
BRL). Cells were re-suspended with serum-supplemented 
medium after centrifugation (at 2400 rpm for 20 minutes) 
and then incubated in 50 cm2 Falcon Culture flasks. On 
day 14, trypsinized colonies of cells were counted and 
referred to as 1st-passage cultures.

Characterization of BMHSCs and AMSCs[18]

At the end of the third passage, trypsinized adherent cells 
were adjusted to 1×106 cells/ml using a hemocytometer, 
then incubated with 10μl monoclonal antibodies: CD34 
and CD44 (Beckman coulter, USA) in the dark at 4°C. 
After 20 minutes, each tube of monoclonal-treated cells 
received 2 ml of PBS containing 2% fraction crystallizable 
solution (FCS), then mixture was centrifuged at 2500 rpm 
for 5 minutes, discarded the supernatant, and re-suspended 
in 500μl PBS containing 2% FCS. The CYTOMICS FC 
500 Flow Cytometer (Beckman Coulter, FL, USA) was 
used for cell analysis, and CXP Software version 2.2 was 
used to interpret the results. The immunohistochemical 
characterization of CD34 and CD44 was performed using 
streptavidin immunoperoxidase method.

Labeling of BMHSCs with Feridex[19] and AMSCs with 
GFP[15]

For labeling, BMHSCs were incubated with ferumoxides 
injectable solution (25µg Fe/ml, Feridex) for 24 hours 
in culture medium with 375ng/ml polylysine (added 1 
hour before incubation). The histological assessment of 
the labeling was performed with Prussian blue. Feridex-
labeled BMHSCs were washed in PBS, trypsinized, and 
resuspended in 0.01 Mol/L PBS at a concentration of 1x106 
cells/ml. During the 4th passage, AMSCs were harvested 
and labeled with GFP to be examined using a fluorescent 
microscope.

Animal Studies
Electrophysiological study

Electroretinogram (ERG) was performed, the rats were 
dark-adapted for at least 2 hours before being prepped in a 
dim red light. Rats were given an intramuscular injection 
of ketamine and xylazine, and their pupils were dilated 
with 0.5% tropicamide/0.5% phenylephrine before being 
placed on a heating pad. To improve electrical conductivity, 
hydroxyethyl cellulose was utilized to moisten the cornea 

and conjunctiva. A gold wire loop electrode on the cornea 
and a gold wire reference electrode on the sclera were used 
to record ERGs. Between 0.3 and 1000 Hertz, responses 
were amplified and bandpass filtered (Hz). A computer-
assisted signal averaging technique was used to average 
the ERGs (Power Lab). For stimulation, a ganzfeld bowl 
(LACE Electronica) with a xenon source was used. The 
a- and b-waves' amplitudes were measured[20].

Serological Study

Before sacrifice, blood samples from rats' tail veins 
were taken at the end of the experiment (8th week after 
confirmation of diabetes) for estimating blood glucose 
levels. Then, rats were sacrificed by cervical dislocation 
under ether anaesthesia[21].

Biochemical Study

The posterior segment of the right eye specimen from 
each rat of groups I, II, III and IV was separated and 
homogenized in the deep freezer in 1 ml of normal saline 
using a homogenizer (Ortoalresa, Spain). Homogenates 
were centrifuged for 15 minutes at 1000 X g. After 
collecting the supernatant in Eppendorf tubes, it was 
stored in the deep freezer at -20°C[22]. Bio-diagnostic 
colorimetric assay kits (Biodiagnostic, Cairo, Egypt) were 
used to measure malondialdehyde (MDA)[23], superoxide 
dismutase (SOD) and tumor necrosis factor alpha TNFα[22] 
in tissue homogenates. 

Histological Study

For 48 hours, the left eye specimens were fixed in 10% 
formol saline. Paraffin blocks and 5μm thick sections were 
prepared for the following:

1. Hematoxylin and eosin stain (H&E)[24].

2. Perls Prussian blue stain[25].

3. Immunohistochemical staining using the avidin-
biotin peroxidase complex technique[26] for:

a. Caspase3 (RB-1197-R7, Lab Vision 
Corporation, USA) immunostaining, the 
marker for apoptosis.  

b. Proliferating cell nuclear antigen (PCNA) 
(Clone PC10, Lab Vision Corporation, USA) 
immunostaining, the marker for progenitor 
cells.

For 60 minutes, 0.1ml of prediluted (2-4µg/ml) 
primary rabbit polyclonal Caspase3 antibody was applied 
to sections. A tonsil specimen was used as the positive 
tissue control and the positive cells showed cytoplasmic 
reaction. In addition, 0.1 ml of prediluted (1:50-1:500) 
primary mouse monoclonal PCNA antibody was applied 
to sections for 60 minutes. A small intestine specimen was 
used as the positive tissue control and the positive cells 
showed nuclear reaction. On the other hand, one of the 
retina sections was used as the negative tissue control by 
omitting the primary antibody step.
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Morphometric Study
Using Leica Qwin 500 LTD image analysis (Cambridge, 

UK), the following measurements were performed in 10 
high PFs in the control and experimental groups:

1. Thickness of retina and Area (µ2) of dark nuclei 
& vacuolations of granular cell layer (GCL); using 
interactive measurements menu. 

2. Area% of caspase3 and PCNA positive 
immunoexpression (IE); using binary mode.

Quantitative polymerase chain reaction (qPCR)
For formalin-fixed paraffin-embedded (FFPE) 

retina specimens, reverse transcription is carried out 
with the SuperScript First-Strand Synthesis System for 
reverse transcriptase (RT)-PCR, based on Invitrogen’s 
protocol[27]. The RPE65 and CYP46a1 gene specific 
primers were retrieved oligonucleotide primers (f: 
5'-TGACAAGGTCGACACAGGCAGAAA3') (r: 
5'-AAATTCAAAGGCTTGACGAGGCCC3’) and 
(f: 5’ -GCGGACCTGAGTCTGAAGAG-3’) (r: 
5’-AATCACAACTCCGCTTCTGG-3’) respectively′. The 
gene-specific and reverse primer pairs were combined, 
and the primer concentrations were standardized. The 
concentration of each primer (forward or reverse) in the 
mixture is 5 pmol/µl. The ABI Prism standard deviation 
score (SDS) 7000 was used to run the PCR program. The 
SDS 7000 software was used to analyze the real-time 
PCR results. With the following primers (forward primer: 
5′-CCTTCCTGGGCATGGAGTCCT-3′ & reverse primer: 
5′- GGAGCAATGATCTTGATCTTC-3′), β-actin was 
used as an internal control to normalize data. 

Statistical Analysis[28] 

Quantitative data were summarized as means and 
standard deviations and compared using Analysis of 
variance (ANOVA) followed by Bonferroni post-hoc test. 
P-values <0.05 were considered statistically significant. 
Calculations were made on Statistical package of the 
social sciences (SPSS) version 18.0 for Windows (IBM 
Corporation, USA).

RESULTS                                                                                   

Lethargy and polyuria were observed in the diabetic 
group that improved in the treated groups by the end of the 
experiment. Four diabetic rats died during the experiment, 
one rat died eight days, two rats died twenty-six days and 
one rat died thirty-seven days following STZ injection and 
were compensated.

In Vitro Data
Characterization of BMHSCs and AMSCs

Bone marrow HSCs appeared pleomorphic, 
immunostaining showed positive brownish membranous 
reaction for CD34 (Figure 1a) and negative for CD44 
(Figure 1b). Immunophenotyping of BMHSCs by flow 
cytometry showed 98.4 % of cells positive for CD34                                                                                                            

(Figure 1c). Adipose MSCs mostly appeared as spindle 
cells, immunostaining revealed positive brownish 
membranous reaction for CD44 (Figure 1d) and negative 
for CD34 (Figure 1e).   Immunophenotyping of AMSCs 
by flow cytometry exhibited 99.1 % of cells positive for 
CD44 (Figure 1f).  

Animal Data
Electrophysiological Results (Figure 2)

The mean amplitude of a wave in ERG was (-1.86±0.13), 
(-7.61±1.38), (-4.4±1.16) and (-6.3±1.52) in groups I, II, III 
and IV respectively.  In addition, the mean amplitude of b 
wave in ERG was (74.06±5.1), (37.95±9.54), (60.5±6.86) 
and (48.9±5.28) in groups I, II, III and IV respectively. The 
previous data denoted a significant increase (P<0.05) in 
group I compared to all groups, in group III compared to 
groups II and IV and in group IV compared to group II. 
Serological & Biochemical Results (Table 1)

The mean values of blood glucose indicated a 
significant increase in group II compared to the other 
groups. The mean MDA, SOD and TNFα values revealed a 
significant increase in mean MDA and mean TNFα values, 
in addition to a significant decrease in mean SOD values 
in the diabetic group compared to all other groups and in 
AMSCs group versus control and BMHSCs group.
Histological Results
Haematoxylin and Eosin (H&E) Stained Sections 

Group І was subdivided into three subgroups, (IA, 
IB and IC), the normal histological architecture was 
observed in all control sections; demonstrating sclera, 
choroid with choriocapillaries and retina; recruited retinal 
pigmented epithelium (RPE), photoreceptor layer (PL), 
outer nuclear layer (ONL), outer plexiform layer (OPL), 
inner nuclear layer (INL), inner plexiform layer (IPL) and 
ganglion cell layer (GCL) (Figure 3a). Closer observation 
showed the sclera exhibiting fibroblasts and collagen 
bundles, choriocapillaries, pale nuclei of RPE and ONL                                                                                                                   
(Figure 3b). In addition, OPL and IPL revealed 
interconnected processes, the INL and GCL demonstrated 
pale nuclei (Figure 3c).

Four weeks following confirmation of diabetes, 
sections in the retina of a diabetic rat (Group II) showed 
partial detachment of RPE, some dark nuclei in ONL, 
INL and GCL, in addition to vacuolations in INL                                                                                                                         
(Figure 3d). After 8 weeks, retinal sections clarified 
completely detached RPE and capillaries in the INL 
and GCL (Figure 3e.). Closer observation demonstrated 
separations in PL, dark nuclei in the ONL and INL, 
congested capillaries in INL and GCL, in addition to 
vacuolations in GCL (Figure 3f). Other retinal sections 
demonstrated some areas of  thickening in the IPL, 
occasional ones contained dispersed nuclei of INL into 
IPL, while others appeared with disorganized ONL and 
INL (Figure 3g). Closer observation showed rarefied OPL, 
separations in INL and vacuolations in INL sometimes 
extending into IPL (Figure 3h). 
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Sections of group III revealed choriocapillaries, 
apparently normal RPE, PL, ONL, OPL, INL, IPL and 
GCL (Figure 4a). Close observation showed pale nuclei 
of RPE, minimal separations among PL, few dark nuclei 
in ONL, minimal rarefactions in OPL, multiple pale and 
few dark nuclei besides minimal vacuolations in INL                              
(Figure 4b). In addition, few focal rarefactions in IPL were 
noticed, pale nuclei and minimal vacuolations were seen in 
GCL (Figure 4c).

Group IV demonstrated choriocapillaries, apparently 
normal RPE, PL, ONL, OPL, INL, IPL and GCL                                
(Figure 4d). Close observation showed dark nuclei of 
RPE, minimal separations among PL and ONL, some 
dark nuclei in ONL and minimal rarefactions in OPL                                                                                                           
(Figure 4e). In addition, some focal rarefactions in OPL 
and IPL, some dark nuclei, minimal separations and 
vacuolations in INL, besides few dark nuclei and few 
vacuolations in GCL (Figure 4f).

Prussian Blue (Pb)-Stained & GFP-Labeled Sections

Sections in groups I and II showed Pb negative 
staining in all layers of the retina (Figures 5a,b). Group 
III demonstrated multiple Pb positive pleomorphic cells in 
all layers of the retina (Figure 5c).  In fluorescent labeled 
sections, groups I and II showed no GFP labeled cells 
(Figures 5d,e). While, in group IV multiple labeled cells 
were detected (Figure 5f). 

Immunohistochemical Stained Sections

a. In Caspase3 immunostained sections, group I 
showed negative IE (Figure 6a). While, in group II 
extensive positive IE was found among all layers 
particularly the photoreceptor layer (Figure 6b). 
On the other hand, group III revealed minimal 
positive IE among all layers (Figure 6c). In group 
IV, obvious positive IE was evident among all 
layers compared to group III (Figure 6d). 

b. In PCNA immunostained sections, group II 
revealed few positive nuclei in the ONL, INL and 
GCL (Figure 6e). On the other hand, group III 
recruited multiple positive nuclei in the ONL, INL 
and GCL (Figure 6f). In group IV, some positive 
nuclei were evident in the ONL, INL and GCL 
(Figure 6g). 

Morphometric results 
Concerning the mean thickness of the retina, it was 

(148.99±4.58), (227.01±27.31), (159.45±20.78) and 
(164.96±8.35) in groups I. II, III and IV respectively.  
A significant increase (P<0.05) was found in group II 
compared to the other groups. The mean area of dark 
nuclei of GCL was (879.88±219.35), (226.02±50.8), 
(371.72±76.67) and that of vacuolations of GCL was 
(178.79±40.45), (12.58±2.92), (34.53±6.06) in groups II, 
III and IV respectively, indicating a significant decrease 
in group III compared to groups II and IV and in group 
IV compared to group II (Figure 7a). The mean area% 
of caspase3 +ve IE was (15.64±1.13), (1.60±0.36) , 
(3.72±0.52) and that of PCNA +ve IE was (1.85±0.44), 
(5.49±0.37), (3.81±0.49) in groups II, III and IV 
respectively, denoting a significant decrease and increase 
respectively in group III compared to groups II and IV and 
in group IV compared to group II (Figure 7b). 

qPCR results

The mean RPE65 and CYP46a1 gene values in ng ± SD 
were (2.50±0.15) and (1.85±0.20) in group I, (0.90±0.05) 
and (0.59±0.05) in group II, (2.25±0.08) and (1.66±0.04) 
in group III, (1.56±0.21) and (1.50±0.13) in group IV 
respectively. The previous values indicated a significant 
(P≤0.05) decrease in group II compared to all other groups, 
in group IV versus control and group III and in group III 
versus control (Figures 7c,d).

Table 1: Mean values ± standard deviation (SD) of blood glucose, MDA, SOD and TNFα in control and experimental groups

Groups Blood glucose level
mg/dl

MDA 
nM/mg

SOD 
U/mg

TNF 
pg/mg

Group I 
Group II
Group III
Group IV 

96.7 ±6.3 
389.6 ±18.68a

 142.3 ±7.61 
155.8 ±5.12

2.03±0.12
7.20±0.25a

2.02±0.14
3.10±0.18b

8.12±0.34
2.38±0.28a

7.78±0.44
5.80±0.52b

2.44±0.32
9.05±1.05a

2.48±0.09
3.97±0.31b

Significant (P≤ 0.05)

a significant versus other groups.

b significant versus groups I and III.
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Fig. 1: (a) CD34 positive pleomorphic cells. (b) CD44 negative immunoreactivity (Phase contrast microscopy x 100). (c) Immunophenotyping of BMHSCs 
98.4 % are positive for CD34 (Flow Cytometry). (d) CD44 positive spindle cells (e) CD34 negative immunoreactivity (Phase contrast microscopy x 100). (f) 
Immunophenotyping of AMSCs 99.1 % are positive for CD44 (Flow Cytometry).

Fig. 2: (a) ERG of group I. (b) ERG of groups II (blue) and I (red). (c) ERG of groups III (blue) and I (red). (d) ERG of groups IV (blue) and I (red).
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Fig. 3: H&E stained sections:  Group I shows (a) Sclera (S), choriocapillaris (Cc) and retina (black line) with RPE, PL, ONL, OPL, INL, IPL and GCL (x400). 
(b) Sclera (S), fibroblasts (f), collagen bundles (c), choriocapillaries (Cc), pale nuclei (N) of RPE and ONL (x1000) (c) OPL and IPL recruiting interconnected 
processes (P), INL and GCL pale nuclei (N) (x1000). Group II shows (d) 4 weeks after diabetes confirmation, partial detachment (pd), some dark (d) nuclei 
in ONL, INL, GCL and vacuolations (v) in INL (x400). (e) 8 weeks after diabetes confirmation, detached RPE (dRPE), capillaries (c) in the INL and GCL 
(x400). (f) Separations (s) in PL, dark nuclei (d) in the ONL and INL, congested capillaries (c) in INL and GCL, vacuolations (V) in GCL (x1000). (g) Areas 
of thickening (T) in the IPL, one contains dispersed nuclei (dp) of INL into IPL, another with disorganized (do) ONL and INL (x100). (h) rarefied (r) OPL, 
separations (s) in INL and vacuolations in INL extending into IPL (V) (x400).

Fig. 4: H&E stained sections:  Group III shows (a) Choriocapillaries (Cc), apparently normal RPE, PL, ONL, OPL, INL, IPL and GCL (x400). (b) Pale nuclei 
(N) of RPE, minimal separations (s) among PL, few dark (d) nuclei in ONL, minimal rarefactions (r) in OPL, multiple pale nuclei (N), few dark (d) nuclei and 
minimal vacuolations (V) in INL (x1000). (c) Few focal rarefactions (r) in IPL, pale nuclei (N) and minimal vacuolations (V) in GCL (x1000). Group IV shows 
(d) Choriocapillaries (Cc), apparently normal RPE, PL, ONL, OPL, INL, IPL and GCL (x400). (e) Dark nuclei (d) of RPE, minimal separations (s) among PL 
and ONL, some dark nuclei in ONL and minimal rarefactions (r) in OPL (x1000). (f) Some focal rarefactions (r) in OPL and IPL, some dark nuclei (d), minimal 
separations (s), vacuolations (V) in INL and few dark nuclei (d) and few vacuolations (V) in GCL ( x1000).
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Fig. 5: (a) Negative staining in group I. (b) Negative staining in group II. (c) Multiple +ve pleomorphic cells among all layers in group III (Prussian blue, x400). 
(d) No fluorescent labeled cells in group I. (e) No fluorescent labeled cells in group II. (f) Multiple labeled cells in group IV (GFP, x 400).

Fig. 6: (a) Negative IE in group I.  (b) Extensive positive IE (white and black +) among all layers particularly the photoreceptor layer in group II. (c) 
Minimal positive IE (white and black +) among all layers in group III. (d) Obvious positive IE among all layers (white and black +) in group IV (Caspase3 
immunostaining, x 400). (e) Few positive nuclei (+) in the ONL, INL and GCL in group II. (f) Multiple positive nuclei (+) in the ONL, INL and GCL in group 
III. (g) Some positive nuclei (+) in the ONL, INL and GCL in group IV (PCNA immunostaining, x 400).
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Fig. 7: Histograms of (a) Mean thickness of the retina, dark nuclei and vacuolations of GCL (b) Mean area% of caspase3 IE and PCNA IE (c) Mean qPCR of 
RPE65 and CYP46a1 gene values in groups I, II, III and IV (d) cDNA of  RPE65 and CYP46a1 genes in groups I, II, III and IV.

DISCUSSION                                                                                  

The present study aimed at investigating and comparing 
the enhanced therapeutic effect of BMHSCs versus 
AMSCs by AA on STZ induced early DR in male albino 
rat model. STZ was used for induction of type I diabetes. 
The expected duration of development of DR was 4 weeks 
following STZ injection. This was supported by ERG 
examination performed by Rong et al.[12]. 

In the treated groups (III and IV), AA was administered 
concomitantly with SCs . AA is known for its anti-
inflammatory and antioxidant properties; it is capable of 
scavenging ROS and reducing pro-inflammatory cytokines. 
Recent research suggests the benefits of AA for promoting 
stem cell renewal and maintaining stemness[29].

The mean ERG values of amplitude of a and b waves 
denoted a significant increase in group III compared to 
groups II and IV and in group IV compared to group II. 
The previous results indicated deterioration of neuronal 
transmission in diabetic rats that appeared to improve 
in the treated groups. Changes in ERG may attribute to 
neuronal malfunction, changes in neurotransmitter levels 
and cell death in neural retina. Furthermore, increased 
vascular permeability in diabetic rodents that occurs as 
early as one week following hyperglycemia may influence 
neuronal function due to neurovascular coupling[30]. It was 
reported that SCs can integrate into the inner retina and 
differentiate into retinal glial cells; also, SCs secrete a 
number of proteins known as neurotrophic factors, which 
are linked to a slowed degeneration process in the retina. 

Consequently, improved ERG response was recorded in 
treated groups[31].

A significant increase was reported in the mean 
blood glucose values in diabetic group and a significant 
decrease was reported in SCs treated groups. Zickri et al[18] 

suggested that the hyperglycemic lowering effect may be 
related to that SCs improve diabetic glycemic control. The 
mean MDA, SOD and TNFα values indicated a significant 
increase in MDA and TNFα, in addition to a significant 
decrease in SOD in group II compared to all other groups 
and in group IV versus group III. The previous findings 
denoted oxidative stress and inflammation that progressed 
to degeneration in diabetic group and regressed in treated 
groups.

SCs could improve antioxidative capacity by 
upregulating certain proteins which ameliorate oxidative 
stress and others that regulate the expression of genes related 
to anti-inflammatory and antioxidant defense. In addition 
to promotion of SOD2 protein expressions and suppression 
of MDA levels, the immunomodulation property of SCs 
enable them to attenuate the inflammatory response directly 
through inhibition of the pro-inflammatory cytokines 
including TNF- α[32].

In the present study, group II demonstrated some 
areas of thickening in the IPL. The previous results were 
confirmed by a significant increase in the mean thickness 
of the retina in group II compared to the other groups. 
Going with, Yun[33] referred thickening to be due to vascular 
leakage into retinal tissue. It was confirmed that increased 



1889

                                                El-Shafei et. al.,

TNF-α in early stages of DR is involved in pericytes’ loss 
by inducing apoptosis thus reducing tight junction. 

Detached RPE, dispersed nuclei of INL into IPL 
and disorganized ONL and INL with dark nuclei, and 
vacuolated areas in disorganized IPL, in addition to 
vacuolations in GCL, separations in PL and INL, rarefied 
OPL and congested capillaries were seen in the INL and 
GCL of diabetic rats, indicating degenerative changes 
of the retina. Liu and Wu[34] stated that hyperglycemia 
can damage the BRB, blood leakage from central retinal 
artery triggers ischemia in surrounding retina. Consequent 
neovascularization in the form of abnormal growth of 
new vessels as an attempt to increase oxygen supply to 
counteract hypoxia, in addition to structural disorganization 
and cellular loss will develop.

Group III revealed pale nuclei of RPE, few dark nuclei 
in ONL and INL, minimal vacuolations in INL and GCL, 
minimal separations among PL, in addition to minimal 
focal rarefactions in OPL and IPL. While, group IV showed 
some dark nuclei of RPE, ONL, INL and few dark nuclei in 
GCL, minimal vacuolations in INL and few vacuolations 
in GCL, minimal separations among PL, ONL and INL, 
in addition to minimal rarefactions in OPL and IPL. The 
previous findings indicated amelioration of degenerative 
changes and were confirmed by a significant decrease in 
the mean area of dark nuclei and that of vacuolations of 
GCL that was found in group III compared to groups II and 
IV, also in group IV compared to group II.

Neurotrophic factors secreted by SCs bind to their 
receptors on recipient cells to enhance neural cell survival, 
differentiation, axonal growth and attachment, as well 
as preventing retinal degeneration, improving retinal 
morphology and function. Intravitreal administration 
of murine SCs decreased oxidative stress in retina and 
prevented ganglion cell loss. In addition, injected cells 
differentiated into pericytes in vivo, preserving BRB 
integrity and differentiating into indispensable cells such 
as photoreceptor cells in DR models[35].

In group II extensive positive caspase3 IE was found 
among all layers particularly the PL. On the other hand, 
group III revealed minimal positive IE among all layers 
particularly the PL. In group IV, obvious positive IE was 
evident among all layers compared to group III. These 
observations proved apoptosis in the diabetic group that 
improved in treated groups. They were confirmed by 
a significant decrease in the mean area % of caspase3 
positive IE in group III compared to groups II and IV and 
in group IV compared to group II.

In agreement, in DR caspase-3 expression showed 
a significant rise, and this was explained that, increased 
levels of oxidative stress and apoptosis in DR have been 
linked to mitochondrial dysfunction. The latter affects 
both retinal neurons and vascular cells by a vicious cycle, 
activates inflammatory mediators and ROS production, 
which damages DNA, and eventually leads to apoptotic 
cell death[36].

In support, it was proved that SCs can effectively 
delay the photoreceptor and glial cells apoptosis, promote 
neuroprotection and neurogenesis. SCs are thought to exert 
their regeneration and repair effects by “empowering” 
cells rather than simply replacing them. SCs create a 
favorable environment for tissue regeneration by inhibiting 
local inflammation and immunological responses 
(immunomodulation)[37].

Group II revealed few positive PCNA IE in nuclei 
of the ONL, INL and GCL. On the other hand, group III 
recruited multiple positive nuclei, while in group IV some 
positive nuclei were evident in the ONL, INL and GCL. 
A significant increase in mean area % of PCNA positive 
IE was confirmative in group III compared to groups II 
and IV, in group IV compared to group II. In retina, SCs 
can generate multipotential progenitors, which were 
shown to have upregulated PCNA markedly affected 
by DM, which is an intranuclear polypeptide, expressed 
only in proliferating cells and used as an indicator of the 
proliferation activity[38].

The mean RPE65 and CYP46a1 gene values indicated 
a significant decrease in group II compared to all other 
groups, in group IV versus control and group III and in 
group III versus control. Zhang et al[37] confirmed that 
inhibition of RPE65 and CYP46a1 in retinal degeneration 
impairs retinal function. Moreover, bioactive exchanges, 
including proteins and nucleic acids are transported from 
SCs to stressed cells. As a result, angiogenesis is promoted, 
and cell survival and/or renewal in injured tissues is 
improved[39].

In the present study, ERG, biochemical, histological, 
immunohistochemical and PCR findings proved more 
obvious and detectable amelioration of morphological and 
quantitative confirmative results in response to BMHSCs 
versus AMSCs therapy in DR. Umbilical cord MSCs when 
transplanted into diabetic rats, showed attenuation in retinal 
vascular dysfunction. While, HSCs have been shown to 
exert a repairing effect on microvascular endothelial cells 
and pericytes in the retina, as well as inhibiting pathological 
neovascularization[40].

Group III demonstrated multiple Pb +ve pleomorphic 
cells in all layers of the retina. While, in group IV multiple 
labeled cells were detected. In accordance, Abdel Halim 
et al[19] who described the use of Pb staining to visualize 
the iron particles in Feridex labeled SCs. Likewise, 
Tang et al[15] reported the use of GFP labeled MSCs and 
viewed them under fluorescence microscope. The authors 
added that GFP is a cell marker that cannot be found in 
living organisms, so it is an indication that the cell was 
administered externally and is not part of the organism.

Diabetes type I induced degenerative changes indicating 
the development of early DR that progressed without 
treatment. BMHSCs and AMCs therapy proved to reverse 
the degenerative changes. AA enhanced regenerative effect 
of BMHSCs was more obvious, indicating that it could 
be used as a therapeutic modality for treating DR. The 
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enhanced therapeutic effect was confirmed and compared 
by electrophysiological, histological, morphometric, 
biochemical and serological studies.
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الملخص العربى

التأثير العلاجي المحتمل المعزز لحمض الأسكوربيك للخلايا الجذعية المكونة للدم 
والخلايا الجذعية الوسيطة على الفئران المصابة باعتلال الشبكية السكري المبكر: دراسة 

هيستولوجية فسيولوجية كيميائية  مقارنة

 اسماء احمد الشافعي1، مها بليغ زكري1،2، سحر محمود منصور3، مروة ابراهيم عبد العزيز3، حسام الدين 
سيد  كريم4، مي عبد العزيز جودة5، دعاء مبروك خالد6

1قسم الهيستولوجيا الطبية وبيولوجية الخلية، كلية الطب، جامعة القاهرة، مصر 

2كلية طب الفم والأسنان، جامعة المستقبل، مصر 

3قسم الهيستولوجيا، معهد بحوث امراض العيون

4قسم  علوم الرؤية، وحدة البصريات الفسيولوجية، معهد بحوث امراض العيون، القاهرة، مصر

5قسم الكيمياء الحيوية الطبية والبيولوجيا الجزيئية، كلية الطب، جامعة  القاهرة، جامعة بدر، القاهرة، مصر 

6قسم الهيستولوجيا وعلم الخلية، كلية الطب، جامعة حلوان، مصر

الخلفية والأهداف: اعتلال الشبكية السكري هو اختلاط خطير للعين لمرض السكري والسبب الرئيسي للعمى وفقدان 
البصر في كل من البلدان المتقدمة والنامية   . هدفت الدراسة الحالية إلى دراسة ومقارنة التأثير العلاجي المحتمل المعزز 
اللحمية  الجذعية  الخلايا  إلى   (BMHSCs) العظم  لنخاع  للدم  المكونة  الجذعية  للخلايا   (AA) الأسكوربيك  لحمض 
الدهنية (AMSCs) على اعتلال الشبكية السكري المبكر الناجم عن الستربتوزوتوسين  في ذكر نموذج الجرذ الابيض
المكونة  الجذعية  الخلايا  متبرعة: 2 جرذان,   إلى: مجموعة  بالغ  ابيض  ذكر جرذ  تقسيم 30  تم  والنتائج:  الطريقة 
المجموعة  والتعريف.  الظاهري  التنميط   ، ، مزرعة  الدهنية  الوسيطة للأنسجة  الجذعية  الخلايا  العظام و  لنخاع  للدم 
الثانية (مجموعة اعتلال الشبكية السكري): 8 فئران ، 50 مجم من  І (المجموعة الضابطة): 6 فئران ، المجموعة 
الستربتوزوتوسين  تم حقنها داخل التجويف البريتوني ، تم تأكيد مرض السكري بعد 3 أيام من حقن الستربتوزوتوسين 
من خلال مراقبة مستويات الجلوكوز في الدم. إذا كان مستوى الجلوكوز في الدم لدى الحيوانات اكثر من  200 ملغ / 
ديسيلتر ، فقد تم اعتبارهم مرضى السكري . المجموعة الثالثة (مجموعة اعتلال الشبكة السكري المعالجة ب الخلايا 
الجذعية المكونة للدم لنخاع العظام وحمض الأسكوربيك ): 7 فئران ، تم حقن 1x106 من الخلايا الجذعية المكونة للدم 
لنخاع العظام في التجويف البريتوني حنبا الي جنب مع الإعطاء الفموي لـحمض الأسكوربيك بجرعة 500 مجم / كجم 
يومياً . المجموعة الرابعة (مجموعة اعتلال الشبكة السكري المعالجة ب الخلايا الجذعية الوسيطة المأخوذة من الانسجة  
الدهنية وحمض الأسكوربيك): تم حقن 7 فئران 1x106 من الخلايا الجذعية الوسيطة المأخوذة من الانسجة  الدهنية 
جنباً إلى جنب مع حمض الأسكوربيك كما في المجموعة الثالثة بعد التاكد من مرض السكري. تم التضحية بالمجموعات 
الأولى والثانية والثالثة والرابعة 8 أسابيع بعد التأكد من مرض السكري. تم إجراء  دراسات مخطط كهربية الشبكية ، 
مصلية ، كيميائية حيوية ، نسيجية ،نسيجية كيميائية ، مورفومترية ، كما تم عمل تحليل احصائي. في المجموعة الثانية 
، تم العثور على التغيرات العصبية في شبكية العين والتي تراجعت في المجموعتين الثالثة والرابعة. كانت نتائج مخطط 
كهربية الشبكية وجلوكوز الدم و المالون دايالدهايد و ديسموتاز سوبر أكسيد و   TNFالفا و تفاعل البلمرة الكمي  مؤكدة.
أكثر  العظام  لنخاع  للدم  المكونة  الجذعية  للخلايا  الاسكوربيك   لحمض  المعزز  التجديدي   التأثير  كان  الاستنتاجات: 

وضوحًا ، مما يشير إلى إمكانية تطبيقه كطريقة علاجية لاعتلال الشبكية  


