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ABSTRACT

Background and Objectives: Diabetic corneal morphological changes are frequent. Green tea extract (GTE) is a natural
product which was proved to have antioxidant and anti-inflammatory effects. Adipose mesenchymal stem cells (AMSCs) are
commonly used as cellular therapies. The current work aimed to study and compare the effect of AMSCs therapy individually
or combined with GTE in keratopathy complicating induced typel diabetes (T1D) in adult male rats.

Methods and Results: 38 male rats were randomly divided into: In Vitro Study Group: 2 rats for isolation, culture, and label
of AMSCs. Control Rats (Group A): consisted of § animals.

Induction of diabetes: 28 rats were induced to be diabetic by a single intraperitoneal (IP) injection of S0mg/Kg of streptozotocin
(STZ), then after 4 weeks of induction of diabetes they were subdivided into the following groups. Diabetic group (group B):
seven animals were left untreated. GTE Group (Group C): seven animals that were given GTE 50 mg/kg daily orally. AMSCs
Group (Group D): seven animals that were given intravenous (IV) injection of 1x106 cells (AMSCs). GTE and AMSCs Group
(Group E): seven animals that were given a combination of AMSCs injection and GTE. Animals of all groups were sacrificed
after 8 weeks from start of experiment. Corneal dimensions, serological, biochemical, morphological, and quantitative studies
were performed. Group B revealed inflammatory and degenerative changes in the various layers that regressed by various
therapies.

Conclusions: T1D induced corneal inflammatory and degenerative morphological changes. Both GTE and AMSCS proved
amelioration of morphological and quantitative parameters, the amelioration was more remarkable in response to AMSCs
therapy. Combined GTE and AMSCs therapy guaranteed the most remarkable effect.
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INTRODUCTION for MSCS when compared to bone marrow or umbilical
cord®. A recent study showed direct therapeutic benefits
of antioxidants on stemness of corneal epithelial cells and
documented recent modalities as MSCs therapy to be more
effective in treatment!’].

Diabetic corneal alterations including edema and
recurrent erosions are frequent. The corneal epithelium,
corneal nerves and to a lesser extent the endothelium are
commonly affected in type 1 diabetes (T1D)!. Limbal
stem cell deficiency was also documented in autoimmune The current work aimed to study and compare the effect
disorders as T1D!. of therapy of AMSCs individually or combined with GTE
in keratopathy complicating induced typel diabetes (T1D)

Green tea extract (GTE) was reported to be an .
in adult male rats.

antioxidant, where GTE dosages used in recent studies have

protective effects from the adverse effects of oxidation®!. MATERIALS AND METHODS
The expression of the proinflammatory cytokine
inflammation was ameliorated by oral consumption of
GTE as documented by Fang et al*l. *  Streptozotocin (STZ): 1gram vial (Sigma, United
States). The determined dose was dissolved in
citrate buffer.

Medications

Recent therapeutic agents, including cell therapies,
are under trial nowadaysP!. MSCs are widely distributed

among multiple tissues and organs of the body. In cell e Green Tea Extract (GTE): (Technomad, El Obour
transplantation, MSC are frequently used. Adipose tissue, City, Egypt). 200 milligram (mg) tablets. The
which is easily obtained, is considered a preferred source determined dose was dissolved in saline.
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Animals

Thirty-eight male albino rats aged 3 months and
weighed 200 grams. They were kept in Kasr Al-Ainy
Animal House in hygienic stainless-steel cages. The animal
room was clean and well ventilated. The animals were
allowed for free water and food ad libitum. All treatments
were performed according to Cairo University Institutional
Animal Care and Use Committee.

The animals were divided randomly into

In-Vitro Study (Donation) Group: included 2 rats from
which AMSCs were isolated, cultured, phenotyped and
labeled.

Group A: (Control Group): All control rats were
injected once with citrate buffer IP, then they were divided
into 4 subgroups that were euthanized with groups B, C, D
and E respectively.

e Subgroup 1: 2 rats left for 8§ weeks without
treatment

*  Subgroup 2: 2 rats, 4 weeks after citrate buffer IP
injection, were given 50 mg/kg green tea every day
for another 4 weeks by oral gavage.

*  Subgroup 3: 2 rats, 4 weeks after citrate buffer
IP injection, were injected IV in tail vein with
0.5 ml phosphate buffered saline (PBS) twice on
2 successive days and sacrificed after another 4
weeks.

*  Subgroup 4: 2 rats, 4 weeks after citrate buffer IP
injection, were given PBS as for the 3rd subgroup
and GTE as for 2nd subgroup & sacrificed after
another 4 weeks.

Induction of diabetes: Diabetes was induced by a single
IP injection of 50 mg/kg!® STZ, dissolved in 0.5 ml citrate
buffer. Estimation of blood glucose level was done 3 days
following induction. A fasting blood sugar level higher
than 200 mg/dl was considered +ve result®.

After induction of diabetes animals were then divided
into the following groups

Group B: (Diabetic Group): Consisted of seven
animals that were left untreated.

Group C: (GTE Group): Four weeks later, GTE was
given, each rat 50 mg/kg'” dissolved in 0.5 ml saline every
day by oral gavage using a gastric tube for 4 weeks!!'!l.

Group D: (AMSCs Group): Four weeks later, 500000
of cultured rat AMSCs in 0.5 ml PBS suspension!'?, was
injected IV in the tail vein twice on 2 successive dayst'®.

Group E: (GTE and AMSCs Group): Four weeks
later, 500000 of cultured rat AMSCs in 0.5 ml PBS'?), was
injected IV in the tail vein twice on 2 successive days. In
addition, GTE was given as in group C.

Groups A, B, C, D and E were sacrificed 8 weeks from
start of the experiment. Sample collection and expansion
of rat AMSCsl!#413!]

After sacrifice of rats of donation group, abdominal
adipose tissues were washed with saline, collected,
and incubated in Dulbecco’s modified Eagle’s medium
(DMEM), (GIBCO/BRL). Resuspension in a medium
supplemented with 1% penicillin-streptomycin at 37° C in
5% humidified CO2 for 14 days. Large colonies formation
is followed by washing with PBS and adding 0.25% trypsin
in Immol EDTA for 5 minutes. After centrifugation, serum-
supplemented medium was used for resuspension. After
incubation in culture flask, trypsinization, and counting
of adherent colonies was exerted on day 14 (3rd passage
culture).

Phenotyping of AMSCs

Trypsinized cells were adjusted to 1x106 cells/ml by
hemocytometer. Ten pl of CD34 and CD44 monoclonal
antibodies (Lab Vision, USA) were used. After 60 minutes
incubation, washing with 2% fraction crystallizable
solution in PBS was performed. Resuspension of cells in
500ul PBS was followed by centrifugation for 5 minutes.
Percentage of cells was determined using CYTOMICS
Flow Cytometer 500 (Beckman coulter, USA) and analyzed
using CXP Software version 2.2!31, Cytochemical analysis
was established!'*!.

Labeling of AMSCs with feridex!"”

375 nanogram/ml polylysine was added before
incubation. Then 25 micrograms of Feridex (Berlex Labs)
were used for labeling in the culture for 1 day.

Blood Sugar Estimation

Venous blood samples were obtained at the end of the
experiment for serum glucose level measurement.

Sacrifice of rat

The rats were euthanized by cervical dislocation!'®!. Eye
specimens were collected to perform the following studies:

Biochemical study

In the left eye specimens of each rat of groups A, B,
C, D and E, the cornea was surgically dissected. One
ml normal saline was used for homogenate formation by
using (Ortoalresa homogenizer, Spain). Centrifugation
for 15 minutes was followed. The supernatant was kept in
Eppendorf tubes at - 20°C. Catalase and malondialdehyde
(MDA)2 were estimated by using colorimetric method
kits (Biodiagnostic, Egypt).

Corneal Dimensions

Using Olympus microscope connected to Olympus
camera, assisted image analysis system the following
parameters were measured: Measurement of antero-
posterior (A-P) thickness®!, assessment of thickness of
epithelium and that of stromaP®?, were performed in 5
different fields from 5 different sections using mean of
arbitrary line in all groups.
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Histological study: Fixation of the right eye specimens
in 10% formol saline was done for 1 day. Dehydration in
ascending grades of alcohol, clearing in xylol and paraffin
embedding were performed and Sum thick sections were
subjected to:

*  Hematoxylin and eosin (H&E)?*
e Masson’s trichrome stain®!

e Prussian blue (Pb) stain (that stains ferric salts
blue) to show the labeled exogenous cells with
ferrum oxide™,

e Cytokeratin  (CK)3  immunostaining®®  for
demonstration of cytoskeletal protein. Mouse
monoclonal antibody (Ab) was supplied in the
form of 7ml prediluted ready to use solution (MS-
1447-R7) (Lab Vision Corporation, USA).

e Caspase3 immunostaining®!, the marker for
apoptosis. Rabbit polyclonal Ab was supplied in
the form of 7ml prediluted ready to use solution
(RB-1197-R7) (Thermofisher, USA).

e CD44 immunostaining™ for detecting endogenous
and exogenous undifferentiated = AMSCs.
Monoclonal Ab was supplied in the form of 7ml
prediluted ready to use solution IW-PA1021) (Lab
Vision, USA). The primary Abs were applied for 1
hour, and secondary Abs were added. Chromogen
was applied and counterstaining with Mayer’s
hematoxylin was done.

Phenotypic Quantitation

Leica Qwin 500 LTD (Cambridge, UK) image analyzer,
was used to measure the following:

»  the count of Pb +ve expression on the cells and the
count of CD44 immunoexpression were performed
using interactive menu.

* Area% of collagen fibers, CK3 positive
immunoexpression (IE) and caspase 3 positive IE
were performed using binary menu.

¢ The measurements were done using 10 non-
overlapping fields taken from 5 slides of different
groups.

Quantitative polymerase chain reaction (qPCR) for
tumor necrosis factor (TNF) a

Reverse Transcription was carried out using paraffin
sections?”. The TNF o primer was, 5'-oligonucleotide
primer -5 ACCACGCTCTTCTGTCTACTG
-3’ and 3’-oligonucleotide primer 5'-
CTTGGTGGTTTGCTACGAC -3'. The complementary
DNA strand was created from RNA. The TNF DNA was
set up on PCR program. -actin was used as reference for
values.

Statistical Analysis®™

Means and standard deviations were analysed using

ANOVA. Any significant difference was determined by
P-values <0.05. Calculations were made on Statistical
Package for Social Sciences software version 16.

RESULTS

General observations

In the present study, two rats died at the beginning of
the experiment, two days following STZ injection, and they
were compensated. Lethargy and polyuria were observed
in group B that improved in groups C, D and E by the end
of the present work.

Phenotyping of AMSCs

Spindle cells (AMSCs) were positive for CD44 and
negative for CD34. Determination of AMSCs % revealed
97.75 % positive for CD44 (Figures la, b, c).

Mean serum glucose level before sacrifice indicated
a significant increase in group B versus all groups and in
group C versus groups A and E (Tablel) (Figure 2a).

Biochemical parameters of oxidative stress

MDA mean values were in nanomole (nM/mg) and
mean catalase values were in unit (U)/mg. A significant
increase in mean MDA and a significant decrease in mean
catalase values were found in group B compared to all
other groups and also in groups C and D versus groups A
and E (Tablel) (Figure 2b).

Corneal dimensions (Table2, Figures 3a, b, c, d, e, f)

A significant increase in the antero-posterior and
stromal thicknesses, while a significant decrease in the
thickness of the epithelium was found in group B and in
group C compared to groups A, D and E.

Histological phenotyping

Sections in the cornea revealed normal nonkeratinized
stratified squamous epithelium, substantia propria and
endothelium in group A (Figure 4a). In group B, single
layer of epithelial cells with focal epithelial disruption,
epithelial and endothelial surface cells with round nuclei,
congested blood vessels and cellular disorganization were
seen in the substantia (Figures 4 b, c¢). Reduced epithelial
thickness was found in group C (Figure 4d). In group D
vacuolation of some basal and suprabasal epithelial cells
was observed (Figure 4e). Accidental vacuolated epithelial
cells were detected in group E (Figure 4f). The endothelium
appeared normal in the treated groups.

Sections in the cornea stained by Masson’s trichrome
showed intact anterior limiting membrane (ALM)
(Bowman’s membrane) and parallel compact collagen
fibers in the substantia in group A (Figure 5a). Group B
demonstrated disrupted ALM and extensive separation
between multiple collagen fibres (Figure 5b). In group C,
obvious separation between some collagen bundles was
noted (Figure 5c). There was minimal separation between
multiple collagen bundles in group D (Figure 5d), while
only few separated collagen bundles were found in group E
(Figure Se). ALM was intact in all treated groups.
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Prussian blue stained sections demonstrated negative
staining in group A (Figure 6a), groups B and C. In group
D, multiple Pb positive cells were observed near the
epithelium and among the substantia (Figure 6b). Less
numerous positive cells were detected near epithelium and
among the substantia in group E (Figure 6¢).

Cytokeratin3 immunostained sections showed obvious
immunoexpression (IE) in all epithelial cells in group
A (Figure 7a), while minimal in all epithelial cells in
group B, except the surface layer which was extensive
(Figure 7b). Obvious IE was found in some epithelial
cells and at the surface in group C (Figure 7c), in multiple
epithelial cells in group D (Figure 7d) while it was detected
in all epithelial cells in group E (Figure 7e).

Caspase 3 immunostained sections demonstrated
positive IE in few epithelial and endothelial cells in
group A (Figure 8a), while group B revealed positive
IE in multiple epithelial cells and multiple keratocytes
(Figure 8b). Positive IE was evident in some cells
of epithelium and some keratocytes in group C
(Figure 8c), while in group D it was observed in few
cells, few keratocytes and accidental vascular lining cells
(Figure 8d). In group E, only few epithelial cells and
accidental keratocytes showed positive IE (Figure 8e).

CD44 immunostained sections revealed negative IE in
group A (Figure 9a), while group B showed few positive
cells at the epithelium, in substantia and at the endothelium
(Figure 9b). Less numerous positive cells were visualized

at epithelium, in addition to substantia in group C
(Figure9c). The positive cells appeared numerous at the
epithelial surface and in the substantia in group D (Figure
9d), while less numerous positive cells were evident in
group E (Figure9e).

Morphometric Results (Tables 2,3)

The mean thickness of corneal epithelium recorded a
decrease in group B, group C versus to groups A, D and
E. Similarly, a decrease was found in the mean area % of
collagen fibers in group B.

Significant decrease in the mean area of CK3 and
increase in caspase3 IE were documented in group B
versus other groups, in group C versus groups A, D and E.
A significant decrease was detected in mean area of CK3
in group D versus groups A and E.

Concerning the count of Pb positive cells, a decrease
was noted in group E versus group D. The count of CD44
positive immunoexpression recorded a decrease in group
B versus other groups and in group C versus group D. In
addition to group E compared to group D.

PCR results

The measurements of PCR for TNFa were in picogram
(pg)/mg. The mentioned measurements indicated an
increase in group B versus all groups, in group C versus
groups A, D and E, in group D versus groups A and E
(Table 1) (Figure 2c¢).

Fig. 1 showing: (a) CD44 +ve spindle cells. (b) CD34 -ve immunoreactivity, (Phase contrast microscopy x 100). (¢) Immunophenotyping of AMSCs 97.75 %

are +ve for CD44 (Flow Cytometry).
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Fig. 2 showing histograms of: (a) blood glucose level (b) Oxidative stress levels: MDA and catalase parameters (c) PCR values
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Fig. 3 showing corneal dimensions: (a) in group A. (b) in group B (¢) in group C (d) in group D (e) in group E (H&E, x200). (f) histogram of means (A-P,
epithelial and stromal thicknesses).
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Fig. 4 showing: (a) epithelium (E), substantia propria (S) and endothelium. (b) epithelial surface cells with round nuclei (arrowhead), congested blood
vessel (v) and cellular disorganization (do) in the substantia. (c) single layer of epithelial cells (line) with focal epithelial disruption (arrow), epithelial and
endothelial surface cells with round nuclei (arrowheads), congested blood vessel (v) and cellular disorganization (do). (d) reduced epithelial thickness (line),
apparently normal endothelium (e). (¢) vacuolation (arrows) of some cells in the epithelium (E), normal endothelium (e). (f) few vacuolated (arrows) cells in
the epithelium (E) and normal endothelium (e). (a: group A, b: group B, ¢: group B, d: group C, e: groupD, f: group E, (H&E, x200).

Fig. 5 showing: (a) intact Bowman’s membrane (arrow), parallel compact collagen bundles in the substantia. (b) disrupted Bowman’s membrane (arrows),
extensive separation between multiple collagen fibres. (c) intact Bowman’s membrane (arrow), obvious separation between some collagen bundles. (d) intact
Bowman’s membrane (arrow), minimal separation between multiple collagen bundles. (e) intact Bowman’s membrane (arrow), few separated collagen bundles
(a: group A, B: group B, c: group C, d: group D, e: group E, Masson’s trichrome, x200).
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Fig. 6 showing: (a) Prussian blue -ve staining. (b) multiple Prussian blue +ve spindle cells at and near the epithelium (arrowhead) and among the substantia (+).
(c) some +ve spindle cells near the epithelium (arrowhead) and among the substantia (+) (a: group A, B: group D, c: group E, Prussian blue, x200).

| |

Fig. 7 showing: (a) obvious immunoexpression (arrow) in all epithelial cells. (b) minimal IE in all epithelial cells, except the surface layer (arrow) shows
extensive IE. (c) obvious IE (arrows) in some epithelial cells and at the surface. (d) obvious IE (arrows) in multiple epithelial cells. (¢) obvious IE (arrows) in
all epithelial cells (a: group A, B: group B, c: group C, d: group D, e: group E, (CK3 immunostaining, x400).
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Fig. 8 showing: (a) +ve IE (lines) in an epithelial and an endothelial cell. (b) +ve IE (arrows) in multiple epithelial cells and multiple keratocytes. (c) +ve IE
(arrows) in some epithelial cells and some keratocytes. (d) +ve IE (arrows) in few epithelial cells, few keratocytes and an endothelial cell. (e) +ve IE (arrows)
in few epithelial cells and a keratocyte (a: group A, B: group B, c: group C, d: group D, e: group E, (Caspase 3 immunostaining, x400).

L= | ]

Fig. 9 showing: (a) -ve IE. (b) few +ve spindle cells (arrows) at the epithelium, in the substantia and at the endothelium. (c) some +ve spindle cells (arrows)
at the epithelium and in the substantia. (d) numerous +ve spindle cells (arrows) at the surface of the epithelium and in the substantia. (¢) multiple +ve spindle
cells (arrows) at the surface of the epithelium and in the substantia (a: group A, B: group B, c: group C, d: group D, e: group E, (CD44 immunostaining, x400).
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Table 1: Mean =+ standard deviation of serum glucose, MDA and Catalase values

Groups Serum glucose level mg/dl MDA value (nM/mg) Catalase value U/mg PCR value pg/mg
Group A 126.20+4.99 1.92+0.22 4.52+1.03 0.13+0.02
Group B 300.80+12.21* 7.93+0.50* 0.67+0.11* 0.48+0.07*
Group C 199.80+20.40" 5.03+0.61" 2.04+0.09" 0.29+0.05#
Group D 160.30+15.25 4.08+0.08" 2.58+0.31" 0.22+0.04"
Group E 140.20+5.31 2.394+0.26 3.99+0.23 0.15+0.03

Sig P<0.05 *versus all groups  ” versus groups A & E #versus groups A, D & E

Table 2: Mean + standard deviation of A-P, epithelial and stromal thicknesses (pm)
Groups A-P thickness Epithelial thickness Stromal thickness
Group A 118.68+14.32 29.67+2.75 75.3849.08
Group B 237.42+15.99* 16.57+2. 33* 203.70+20.01*
Group C 191.79+16.58" 21.63+4.027 151.26+13.89"
Group D 124.37+9.98 35.88+5.05 77.28+10.11
Group E 124.90+18.54 30.36+3.09 76.59+9.55

Sig P<0.05 *versus all groups ~versus groups A, D and E

Table 3: Mean + standard deviation of corneal area % of collagen fibres (Cf), area of CK3 IE, area of caspase3 IE (Cp), count of Pb +ve and

of CD44 +ve cells
Groups Cf CK 3 Cp Pb CD44
Group A 24.27+2.95 257.87+10.34 6.11£0.90 - -
Group B 12.90£1.347 52.46+7.08" 36.38+5.92" - 3.30+£0.21"
Group C 23.47+1.22 99.32+15.23* 16.27+3.05* - 6.60+1.34*
Group D 25.01+4.05 159.75£12.59%# 7.81£2.00 9.90+1.01 15.60+2.11
Group E 23.99+4.00 259.37£15.09 6.46+0.98 4.90+0.308 9.30£1.1800

Sig P<0.05 ~ versus other groups * versus groups A, D, E  #versus A, E  § oo versus D

DISCUSSION

In the current work, streptozotocin has been injected
into rodents to create a model of diabetic keratopathy.
Afterwards, the effect of therapy of AMSCs individually or
combined with GTE was compared in treatment of induced
typel diabetes (T1D) keratopathy in adult male rats.

As regards serological findings, an increase in blood
glucose values was recorded in group B before sacrifice
and in group C versus groups A and E. Stepien et al*”
postulated that GTE exerts hypoglycemic effect in
different doses. However, the present work confirmed the
potentiation of this effect by the regenerative plasticity of
SCs.

Concerning biochemical parameters of oxidative stress,
significant increase in MDA and a decrease in catalase were
recorded in group B, in groups C and D versus groups A and
E. The mean values of PCR for TNFa indicated an increase
in group B, in group C versus groups A & E and in group
D compared to group A. In accordance, oxidative stress
derived inflammation was found in diabetes, and it was
hypothesized that oxidative stress is the key regulator in
development and aggravation of diabetic complications?®!,
GTE was recently documented to inhibit TNF-a effect®!,

In support. AMSCs isolated from rat were proved to have
anti-inflammatory, antioxidative, and cytoprotective
propertiesi®2,

Regarding, corneal dimensions, significant reduction
of epithelial thickness and significant increase in stromal
thickness were found in the diabetic group versus all
groups, and in GTE group versus control and AMSCs
treated groups. The previous findings indicated impaired
epithelial regeneration and the incidence of stromal
edema in diabetic and to less extent in GTE treated group.
In accordance, HashemP referred increased stromal
thickness to stromal edema that appears as wide spacing
of collagen bundles. In addition, Segars et al** related the
regain of normal corneal epithelial and stromal thicknesses
to stem cells migration, regeneration and repair.

In the diabetic group (Group B), lymphocytes at the
epithelial and endothelial surfaces, extensive separation
of collagen fibers, appearance of vessels and cellular
disorganization in the substantia propria were evident. The
previously mentioned changes indicated inflammatory
process developing in the cornea. In accordance, Mirabelli
et alP¥ stated that edema and erythema are suggestive of
inflammation and inflammatory corneal neovascularization
is a pathological process that might lead to blindness.

336



Hamoud et. al.,

In addition, group B showed epithelial disruption and
disrupted ALM denoting degenerative changes. Positive
caspase3 IE was found in multiple epithelial cells and
multiple keratocytes, proving apoptosis. In support, Shih
et al* reported recurrent corneal erosions and consequent
degeneration with defective tissue regeneration in diabetes.

Concerning CK3 immunostaining, minimal IE was
noted in all epithelial cells of group B, except the surface
layer, in which the IE was extensive. This was supported
morphometrically, indicating disruption of cytoskeletal
elements and keratinization at the surface, which interferes
with corneal transparency.!Concomitantly, Kitazawa
et al,B7 pointed to that CK3 is essential in maintaining
the epithelial morphology and differentiation as it is the
cytoskeleton. In addition, surface keratinization interferes
with integrity of vision.

Group B recruited few CD44 positive cells at the
epithelium, in substantia and at the endothelium. This can
be referred to the demonstration of endogenous SCs only
in diabetic corneas, which were not capable of regression
of morphological changes. Li ef a/,** proved that postnatal
mesenchymal stem/progenitor cells are retrieved from
bone marrow or adipose tissue. They were described as
fibroblastic cells, plastic-adherent and exhibit a surface
marker profile positive for CD73, CD44, CD90 and CD105.
They were defined by the International Society for Cellular
Therapy as MSCs. Zickri et a/**! added that diabetes has
non-desirable effects on plasticity and transdifferentiation
of corneal and limbal resident cells.

In group C (GTE Group), intact ALM and less
separation between fewer collagen bundles were observed.
Obvious CK3 IE was found in some epithelial cells and
at the surface, confirming an increase in CK3 IE, and
caspase 3 positive IE was detected in less epithelial cells
and less keratocytes. These findings denoted amelioration
of inflammatory and degenerative changes versus diabetic
group. Concomitantly, Camellia sinensis extract, similar
to GTE was found to exert high antinflammatory and
antioxidant radical scavenging properties, referred to the
high phenolic and flavonoid content!*?.

In group C more CD44 positive spindle stem cells
were detected compared to group B. Similarly, Zickri and
Embaby!*!stated that resident SCs stimulation was recorded
under the effect of green tea therapy, being considered
an antioxidant with amelioration of morphological and
morphometric findings associated with organ damage.

In group D (AMSCs group), vacuolation of some
epithelial cells, intact ALM and minimal separation between
multiple collagen bundles were detected. Obvious CK3 IE
was evident in multiple epithelial cells, with decrease in
area% versus groups A & E. Positive caspase3 IE was
seen in few cells, few keratocytes and accidental vascular
lining cells. It can be commented that AMSCs induced
more obvious therapeutic effect compared to GTE treated
group. In agreement, MSCs of different origins proved a
regressing effect on systemic inflammatory responses and
consequent tissue or organ damage!*?!.

In vitro characterization of cultured AMSCs was proved
to be positive for CD44marker. Multiple Pb positive spindle
cells and numerous CD44 positive cells appeared among
the various layers of the cornea. The multiplicity of labeled
undifferentiated cells can be referred to the migration of
exogenous in addition to endogenous SCs. Ziaei et al*
pointed to the potential therapeutic benefit of SCs in
corneal epithelial, stromal and endothelial disorders.

In group E (AMSCs and GTE Group), accidental
vacuolated epithelial cells and only few separated collagen
bundles were found. Obvious CK3 IE was detected in all
epithelial cells, only few epithelial cells and accidental
keratocytes showed positive caspase3 IE. The previous
results denoted the most remarkable ameliorating effect
of combined GTE and AMSCs therapy, suggesting a
potentiating and activating effect of the exogenous MSCs
on the endogenous cells. In addition, Cazzola et al*¥
proved the capability of GTE active ingredients to enhance
cell plasticity.

Less Pb positive and CD44 positive cells were found
near the epithelium and among substantia, with a decrease
in the count versus AMSCs group. This finding may be
explained by more pronounced differentiation and trans-
differentiation of AMSCs when combined with GTE,
being an antioxidant and an anti-inflammatory agent, it
may provide a better environment for the SCs. This was
confirmed by Edrees et al*!, who used vitamin E as an
antioxidant combined with bone marrow MSCs.

CONCLUSION

In conclusion, T1D induced corneal inflammatory
and degenerative morphological changes. Both GTE
and AMSCS proved amelioration of morphological
and quantitative parameters, the amelioration was more
remarkable in response to AMSCs therapy. Combined
GTE and AMSCs therapy guaranteed the most remarkable
effect.

CONFLICT OF INTERESTS

There are no conflicts of interest.

REFERENCES

1. CoxAA, SagotY, Hedou G, Grek C, Wilkes T, Vinik
Al, Ghatnekar G. Low Dose Pulsatile Interleukin6
As a Treatment Option for Diabetic Peripheral
Neuropathy. Front Endocrinol. 2017; 8: 89-96. doi:
10.3389/fendo.2017.00089.

2. Fernandez-Buenaga R, Aiello F, Zaher SS, Grixti A,
Ahmad S. Twenty years of limbal epithelial therapy:
an update on managing limbal stem cell deficiency.
BMJ Open Ophthalmol. 2018; 3(1): e000164. doi:
10.1136/bmjophth-2018-000164.

3. GuM,LiuC, Wan X, Yang T, Chen Y, Zhou J, Chen Q,
Wang Z. Epigallocatechin Gallate Attenuates Bladder
Dysfunction via Suppression of Oxidative Stress in
a Rat Model of Partial Bladder Outlet Obstruction.
Oxid Med Cell Longev. 2018; 2018:1393641. doi:
10.1155/2018/1393641.

337



GTE AND AMSCS IN DTI KERATOPATHY

10.

I1.

12.

Fang X, Chung J, Olsen E, Snider I, Earls RH, Jeon J,
Park HJ, Lee JK. .Depletion of regulator-of-G-protein
signaling-10 in mice exaggerates high-fat diet-induced
insulin resistance and inflammation, and this effect is
mitigated by dietary green tea extract. Nutr Res. 2019;
70: 50-59. doi: 10.1016/j.nutres.2018.06.004.

Ljubimov AV. Diabetic complications in the cornea.
Vision Res. 2017; 139: 138-152. doi: 10.1016/].
visres.2017.03.002.

Matthyssen S, Ni Dhubhghaill S, Van Gerwen V,
Zakaria N. Xeno-Free Cultivation of Mesenchymal
Stem Cells From the Corneal Stroma. Invest
Ophthalmol Vis Sci. 2017; 58(5): 2659-2665. doi:
10.1167/i0vs.17-21676.

ChenJ, LanJ, Liu D, Backman LJ, Zhang W, Zhou
Q, Danielson P. Ascorbic Acid Promotes the Stemness
of Corneal Epithelial Stem/Progenitor Cells and
Accelerates Epithelial Wound Healing in the Cornea.
Stem Cells Transl Med. 2017; 6(5): 1356-1365. doi:
10.1002/sctm.16-0441.

Hofni A, Shehata Messiha BA, Mangoura SA. Fasudil
ameliorates endothelial dysfunction in streptozotocin-
induced diabetic rats: a possible role of Rho kinase.
Naunyn Schmiedebergs Arch Pharmacol. 2017;
390(8): 801-811.doi: 10.1007/s00210-017-1379-y.

Bhansali S, Kumar V, Saikia UN, Medhi B, Jha V,
Bhansali A, Dutta P. Effect of mesenchymal stem
cells transplantation on glycaemic profile and their
localization in streptozotocin induced diabetic Wistar
rats. Indian J Med Res. 2015; 142(1): 63-71. doi:
10.4103/0971-5916.162116.

Alway SE, Bennett BT, Wilson JC, Sperringer J,
Mohamed JS, Edens NK, Pereira SL. Green tea
extract attenuates muscle loss and improves muscle
function during disuse, but fails to improve muscle
recovery following unloading in aged rats. J Appl
Physiol. 2015; 118(3): 319-330. doi: 10.1152/
japplphysiol.00674.2014.

Thitimuta S, Pithayanukul P, Nithitanakool S,
Bavovada R, Leanpolchareanchai J, Saparpakorn
P. Camellia sinensis L. Extract and Its Potential
Beneficial Effects in Antioxidant, Anti-Inflammatory,
Anti-Hepatotoxic, and Anti-Tyrosinase Activities.
Molecules. 2017; 22(3): 401-414. doi: 10.3390/
molecules22030401.

Sheashaa H, Lotfy A, Elhusseini F, Abdel Aziz A,
Baiomy A, Awad S, Alsayed AH, El-Gilany A, Saad
MA, Mahmoud K, Zahran F, Salem DA, Sarhan A,
Ghaffar HA, Sobh M. Protective effect of adipose-
derived mesenchymal stem cells against acute kidney
injury induced by ischemia-reperfusion in Sprague-
Dawley rats. Exp Ther Med. 2016; 11(5): 1573-1580.
doi: 10.3892/etm.2016.3109.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bassiony HS, Zickri MB, Metwally HG, ElSherif HA,
Alghandour SM. Comparative Histological Study on
the Therapeutic Effect of Green Tea and Stem Cells
in Alzheimer’s Disease Complicating Experimentally
Induced Diabetes. Int J Stem Cells. 2015; 8(2): 181-
190. doi: 10.15283/ijsc.2015.8.2.18]1.

Takehara Y, Yabuuchi A, Ezoe K, Kuroda T, Yamadera
R, Sano C, Murata N, Aida T, Nakama K, Aono F,
Aoyama N, Kato K, Kato O. The restorative effects of
adipose-derived mesenchymal stem cells on damaged
ovarian function. Lab Invest. 2013; 93(2): 181-193.
doi: 10.1038/labinvest.2012.167.

Espina M, Jilke H, Brehm W, Ribitsch I, Winter
K, Delling U. Evaluation of transport conditions
for autologous bone marrow-derived mesenchymal
stromal cells for therapeutic application in horses.
PeerJ. 2016; 4: e1773-1795. doi: 10.7717/peerj.1773.

Li H, Fu X, Ouyang Y, Cai C, Wand J, Sun T. Adult
bone marrow-derived mesenchymal stem cells
contribute to wound healing of skin appendages. Cell
and Tissue Research. 2006; 326(3): 725-736. doi:
10.1007/s00441-006-0270-9.

Kraitchman DL, Heldman AW, Atalar E, Amado
LC, Martin BJ, Pittenger MF, Hare JM, Bulte JW. In
vivo magnetic resonance imaging of mesenchymal
stem cells in myocardial infarction. Circulation.
2003;  107(18):  2290-2293.doi:  10.1161/01.
CIR.0000070931.62772.4E

Iranpour FG, Kheiri S. Coadministration of calcium
chloride with lead acetate can improve motility of
cauda epididymal spermatozoa in Swiss white mice.
Int J Reprod BioMed. 2016;14(2): 141-144. PMCID:
PMC4869154.

Balci M, Namuslu M, Devrim E, Durak 1. Effects
of computer monitor-emitted radiation on oxidant/
antioxidant balance in cornea and lens from rats. Mol
Vis. 2009; 15: 2521-2525. PMCID: PMC2787304.

Brancaccio P, Lippi G, Maffulli N. Biochemical
markers of muscular damage. Clin Chem Lab Med.
2010; 48(6): 757-767. doi: 10.1515/CCLM.2010.179.

Bawa G, Tkatchenko TV, Avrutsky I, Tkatchenko AV.
Variational analysis of the mouse and rat eye optical
parameters. Biomedical Optics Express.2013; 4(11):
2585-2595. doi: 10.1364/BOE.4.002585.

Ramos MF, Baker J, Atzpodien EA, Bach U, Brassard
J, Cartwright J, Farman C, Fishman C, Jacobsen
M, Junker-Walker U, Kuper F, Moreno MCR,
Rittinghausen S, Schafer K, Tanaka K, Teixeira
L, Yoshizawa K, Zhang H. Nonproliferative and
Proliferative Lesions of the Rat and Mouse Special
Sense Organs (Ocular [eye and glands], Olfactory and
Otic). J Toxicol Pathol 2018; 31 (3 Suppl): 97S-214S.
doi: 10.1293/tox.31.97S.

338



Hamoud et. al.,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bancroft JD, Gamble M. Connective tissue stains.
In: Theory and Practice of Histological Techniques,
sixth edition. Elsevier Health Sciences, Churchill
Livingstone, Edinburgh, London, Oxford, New York,
Philadelphia, St Louis Sydney and Toronto. 2008;
135-160.

Hazra S, Nandi S, Naskar D, Guha R, Chowdhury S,
Pradhan N, Kundu SC, Konar A. Non-mulberry Silk
Fibroin Biomaterial for Corneal Regeneration. Sci
Rep. 2016; 6: 21840-21852. doi: 10.1038/srep21840.

Sun W, Su Q, Cao X, Shang B, Chen A, Yin H, Liu B.
High Expression of Polo-Like Kinase 1 Is Associated
with Early Development of Hepatocellular Carcinoma.
Int J Genomics. 2014; 2014: 312130-312138. doi:
10.1155/2014/312130.

CaiY, Liu T, Fang F, Xiong C, Shen S. Comparisons of
Mouse Mesenchymal Stem Cells in Primary Adherent
Culture of Compact Bone Fragments and Whole
Bone Marrow. Stem Cells International. 2015; 2015:
708906-708913. doi: 10.1155/2015/708906.

PuT, Guo P, Qiu Y, Chen S, Yang L, Sun L, Ye F, Bu
H. Quantitative real-time polymerase chain reaction
is an alternative method for the detection of HER-2
amplification in formalin-fixed paraffin-embedded
breast cancer samples. Int J Clin Exp Pathol. 2015;
8(9): 10565-10574. PMCID: PMC4637581.

Emsley R, Dunn G, White I. Mediation and moderation
of treatment effects in randomized controlled trials of
complex interventions. Stat Methods Med Res. 2010;
19(3): 237-270. doi: 10.1177/0962280209105014.

Stepien M, Kujawska-Luczak M, Szulinska M,
Kregielska-Narozna M, Skrypnik D, Suliburska
J, Skrypnik K, Regula J, Bogdanski P. Beneficial
dose-independent influence of Camellia sinensis
supplementation on lipid profile, glycemia, and
insulin resistance in an NaCl-induced hypertensive rat
model. J Physiol Pharmacol, 2018; 69(2): 275-282.
doi: 10.26402/jpp.2018.2.13.

Elmarakby AA, Sullivan JC. Relationship between
oxidative stress and inflammatory cytokines in
diabetic nephropathy. Cardiovasc Ther, 2012; 30(1):
49-59. doi: 10.1111/j.1755-5922.2010.00218.x

Otton R, Bolin AP, Ferreira LT, Marinovic MP,
Rocha ALS, Mori MA. Polyphenol-rich green tea
extract improves adipose tissue metabolism by down-
regulating miR-335 expression and mitigating insulin
resistance and inflammation. J Nutr Biochem, 2018;
57:170-179. doi: 10.1016/j.jnutbio.2018.03.024.

Huang X, Ding J, Li Y, Liu W, Ji J, Wang H, Wang
X. Exosomes Derived from PEDF Modified Adipose-
derived Mesenchymal Stem Cells Ameliorate
Cerebral Ischemia-Reperfusion Injury by Regulation
of Autophagy and Apoptosis. Exp Cell Res, 2018;
371(1): 269-277. doi: 10.1016/j.yexcr.2018.08.021.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hashem HR. Regenerative and Antioxidant Properties
of Autologous Platelet-Rich Plasma Can Reserve
the Aging Process of the Cornea in the Rat Model.
Oxidative Medicine and Cellular Longevity, 2020;
2020: 4127959-4127972. doi: 10.1155/2020/4127959.

Segars KL, Azzari NA, Gomez S, Machen C, Rich
CB, Trinkaus-Randall V. Age Dependent Changes
in Corneal Epithelial Cell Signaling. Front Cell
Dev Biol, 2022; 10: 886721-886733. doi: 10.3389/
fcell.2022.886721.

Mirabelli P, Mukwaya A, Lennikov A, Xeroudaki
M, Peebo B, Schaupper M, Lagali N. Genome-wide
expression differences in anti-Vegfand dexamethasone
treatment of inflammatory angiogenesis in the rat
cornea. Sci Rep. 2017; 7(1): 7616-7628. doi: 10.1038/
s41598-017-07129-4.

Shih KC, Lam K, Tong L. A systematic review on the
impact of diabetes mellitus on the ocular surface. Nutr
Diabetes. 2017; 7(3): 1-10. doi: 10.1038/nutd.2017.4.

Kitazawa K, Hikichi T, Nakamura T, Sotozono C,
Kinoshita S, Masui S. PAX6 regulates human corneal
epithelium cell identity. Exp Eye Res. 2017; 154: 30-
38. doi: 10.1016/j.exer.2016.11.005.

Li S, Huang KJ, Wu JC, Hu MS, Sanyal M, Hu M,
Longaker MT, Lorenz HP. Peripheral blood-derived
mesenchymal stem cells: candidate cells responsible
for healing critical-sized calvarial bone defects. Stem
Cells Transl Med 2015; 4(4): 359-368. doi: 10.5966/
sctm.2014-0150

Zickri MB, Ahmad NA, Maadawi ZM, Mohamady YK,
Metwally HG. Effect of stem cell therapy on induced
diabetic keratopathy in albino rat. Int J Stem Cells.
2012; 5(1): 57-64. doi: 10.15283/ijsc.2012.5.1.57.

Malik S, Suchal K, Khan SI, Bhatia J, Kishore K, Dinda
AK, Arya DS. Apigenin ameliorates streptozotocin-
induced diabetic nephropathy in rats via MAPK-
NF-kB-TNF-a and  TGF-B1-MAPK-fibronectin
pathways. Am J Physiol Renal Physiol. 2017; 313(2):
F414-F422. doi: 10.1152/ajprenal.00393.

Zickri MB, Embaby, A. Relation between Endogenous
Stem Cells and Green Tea Extract in Overconsumption
and Amiodarone Induced Thyroid Damage in Rat. Int
J Stem Cells, 2013; 6(2): 113-120. doi: 10.15283/
ijsc.2013.6.2.113.

Soliman MG, Mansour HA, Hassan WA, El-Sayed
RA, Hassaan NA. Mesenchymal stem cells therapeutic
potential alleviate lipopolysaccharide-induced acute
lung injury in rat model. J Biochem Mol Toxicol,
2018; 2018: 22217-2222. doi: 10.1002/jbt.22217.

Ziaei M, Zhang J, Patel D, McGhee CN,. Umbilical
Cord Stem Cells in the Treatment of Corneal Disease.
Surv Ophthalmol, 2017; 62 (6): 803-815. doi:
10.1016/j.survophthal.2017.02.002.

339



GTE AND AMSCS IN DTI KERATOPATHY

44, Cazzola M, Ferraris S, Boschetto F, Rondinella A, 45. Edrees ZA, Zickri MB, ElSherif, HA, Mahmoud
Marin E, Zhu W, Pezzotti G, Vern¢ E, Spriano S. AH. Histological Study on the Effect of Stem Cells,
Green Tea Polyphenols Coupled with a Bioactive Alpha- Tocopherol and Gene Transfected Stem Cells
Titanium Alloy Surface: In Vitro Characterization of in Adriamycin Induced Cardiomyopathy of Rat. MSC
Osteoinductive Behavior through a KUSA Al Cell Thesis, 2017: 131-143.

Study. Int J Mol Sci, 2018; 19(8): 2255-2268. doi:
10.3390/ijms19082255.

340



Hamoud et. al.,

A padlal)

Jie) Jo ddaal 4o dad) LDAIL Ml g padl) Ladl palitiund Jalaad) il
O zigad B o ad diaaall g Sl e JY) £ sil 8 A Al

TRaga Suadl de e b Call Ui Odiy pdd) daa) A Odeal Bila daas g S5 Al Lga
) fagaa ad) Al

() g all) cua A4S (3 jalal) daaly ccadal) A0S (AR L ol g g dalal) daudy) and’
Ay Jad) La ol gl g Adal) 4 gaal) skl (FUE) s «Jiial) daala
saa cdaalad) 5 jaldll cqlal) 43S CAiaY) g g il acd (3 alal) daals

e sb il gLl Galitiee 5 Sie (g Sl (i ye B 8 8 dum sl shy pall ol ) silaAY) g AR
(AMSCs) &l Aoy ol doe 3al) LAY andind cllgiD salias 5 52083 saliae <l Hilial o o anha
S a8 IS AMSCs okl Ll 4 jlaa g Al jo Al ) Jeadl Coagy sawl pall (e Cangdl aild S
& (TYD) IV & sl (e s Sll (i e diay (g2l A jall JMie) 3 jmd¥) LAl aliiue ae @l iYL
AL 13 el &3

Daeads Joall Ol el (8 Al )l de pene o) lsdie IS 1083 1508 YA sl 5 cililly (kY
O Tl YA dat 35 Sl (2 e Cgand Ul A (e (5S35 (1 e ganall) 3_jlasd) 4o aan . AMSCs
& ¢(STZ) Crma g5 s yind) (e p2S / aale 0+ W 538 (TP) GBliall Jahysaal 5 dia 5yl e (g Sl 4bas
Ao ganall) (Sl (o e de sane AN e sanall ) pgassdi o3 (5 Sadl (i je (a3 e gl £ 2ny
W slac | a3 il s s (D de ganall) 5l LAY Galituede gana 7o (550 S 55U ga daa 1(
Gl g Axss 1z Ae sanall) AMSCs A sans adll 515k (o Liasy axS / azle 00 a1 LAl (aliiie
Ao (g Ao sanall) AMSCs 4o sane s AMSCs LA )+ x ) (e 4368 (TV) s (A A Laglhac) o
radY) Ll (aliiie 3 AMSCS Cia (e g 3o b slac) &5 Gl g

Clal a5 4 3l alagl o) ya) a3 4 il 4l (e b A 22 Cile gl aan (e il saadly Gl 5 5 gl
Gligall 84S g gl Gl il e (@) de genall 8IS AaSl g daa gl 6 ) sall 5 4 saad) ALl 5 dliadl)
AR laSlall Gy sl 3 Al Adlidal)

341



