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ABSTRACT

Background and Objectives: Alkali damage to the cornea can be catastrophic and results in lifelong pain and visual loss.
Investigation and comparison of the potential therapeutic effects of platelet-rich plasma (PRP), adipose tissue derived
mesenchymal stem cells (ADSCs), and mesenchymal stem cells derived exosomes (MSCs-EX) in experimentally induced
corneal alkali burn in rats were the goal of this work.

Material and Methods: 60 adult male albino rats were divided into: Donor group; 10 rats, Group I (Control group); 10 rats,
and Group II (Alkali burn group); 40 rats. All rats of group II received right eyes corneal alkali burn by sodium Hydroxide
(NaOH), then equally subdivided into: Subgroup II-a (spontancous recovery subgroup): left untreated, Subgroup II-b (PRP
treated subgroup): received a single subconjunctival injection of 0.5 ml PRP 2 hours after alkali burn, Subgroup II-c (ADSCs
treated subgroup): received a single subconjunctival injection of 1.3 x 105 AMSCs; | hour after alkali burn and Subgroup II-d
(MSCs-EX treated subgroup): received a single subconjunctival injection of 100 pg protein/mL MSCs-EX; 1 hour after alkali
burn. Rats were sacrificed after 3 weeks, then right eyes’ corneas were excised for histological, morphometric, and statistical
analysis.

Results: Deterioration of corneal histological architecture was detected in subgroup Il-a, in the form of degeneration and
desquamation of corneal epithelial and endothelial cells, degenerated keratocytes and disrupted corneal stroma with expressed
neovascularization and cellular infiltration. Treatment with either PRP, ADSCs and MSCs-EX showed different degrees
of improvement, in the form of regeneration of corneal epithelium, endothelium and corneal stroma with disappearance of
neovascularization and cellular infiltration.

Conclusion: PRP, ADSCs and MSCs-EX treatment significantly ameliorated corneal degenerative changes induced by alkali
burn by their anti-inflammatory, anti-angiogenic and anti-apoptotic properties; with a more pronounced improvement in
response to MSCs-EX..
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INTRODUCTION Steroids, nonsteroidal anti-inflammatory agents,

One of the most challenging eye injuries is the acute
ocular chemical burn, which accounts for 11.5 to 22.1 %
of ocular injuries and constitutes ophthalmic emergency!'l.
Nearly 60% of all chemical eye injuries are caused by
burns from alkalis. The cornea and conjunctiva might be
damaged right away when the alkali comes into touch with
the ocular surface. The corneal stroma's highly organized
collagen bundles and proteoglycan ground material are both
destroyed by alkali, and the constant synthesis of proteases
from the injured tissue results in significant tissue damage!?.
In addition to corneal ulceration, neovascularization and
opacification with sluggish epithelial regeneration could
also occur. Finally, it might result in irreversible vision loss
or possible corneal blindness®.
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citrate, artificial tears, photodynamic therapy, argon laser
photocoagulation, collagenase inhibitors, conjunctival
transplantation, topical fibronectin, therapeutic contact
lenses, amniotic membrane repairing, and limbal
transplantation are all among the medical and surgical
treatment options for corneal alkali burn. These
methods are occasionally ineffectual, particularly for
significant corneal neovascularization (CNV) induced
by inflammation, and hence attention is turned toward
alternate therapy approaches to eliminate such potentially
harmful downsides®..

Platelet-rich plasma (PRP) is a popular treatment
in ophthalmology, plastic and reconstructive surgery,
skin burns, and traumal®l. PRP is a non-toxic and non-
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immunogenic blood component derived by centrifuging
blood as whole to obtain a cellular constituent of platelet
rich plasma, which contains hepatocyte growth factor,
insulin-like growth factors (1 and 2), fibroblast growth
factor, transforming growth factor, and vascular endothelial
growth factor. Furthermore, it contains bioactive substances
or non-growth factors such as histamine, serotonin,
adenosine, calcium, dopamine, fibrin, vitronectin, and
fibronectin. All these factors are proposed to induce soft
tissue healing by accelerating regeneration of epithelial
and endothelial cells, inducing angiogenesis, improving
hemostasis, increasing collagen synthesis, and assisting
cell migration and differentiation!.

One type of mesenchymal stem cell that is prevalent
in humans are adipose-derived mesenchymal stem cells
(ADSCs). They are multipotent adult stem cells derived
from adipose tissue with the ability to self-regenerate
and differentiate into numerous cell lineages!®. Because
adipose tissue is easy to obtain and handle, ADSCs have
been used for regeneration, tissue engineering processes
and wound repair; also in vitro, the separated cells rapidly
multiply and develop into diverse cell types™.

Exocytosis produces exosomes (EX). They are tiny
vesicles for transmitting genetic information that have a
bilipid membrane, a diameter of 30 to 150 nm, and a lot of
proteins, lipids, nRNAs (messenger Ribonucleic acid), and
microRNAs!'. They play a crucial role in communication
between cells through protein and RNA transport, are
secreted by all cell types, and are found in urine, blood,
and breast milk!!"'2. Under normal circumstances, they
are released biologically, but pathological circumstances
like degeneration and malignancies speed up their rate
of releasel'¥. Exosomes are being used to treat a variety
of disorders, including acute renal injury, liver fibrosis,
wound healing, myocardial infarction, and ischemia-
induced brain degeneration!'. The aim of this work was
to investigate and compare the possible effect of PRP,
ADSCs and MSCs-EX in experimental corneal alkali burn
in albino rats.

MATERIALS AND METHODS
Drugs

Sodium Hydroxide (NaOH): as a white powder from
the El-Gomhoria Chemicals Company in Cairo, Egypt.
Corneal alkali burn was induced by dissolving one mole
(=4 g) of pure NaOH in one liter of water!'”,

Animals

This study is conducted on 60 male adult albino rats
about, which were about 12 weeks old, their body weight
ranged from 150 — 250 grams. Rats were housed in
stainless-steel cages (5 rats in each cage) in Kasr Al-Ainy’s
animal house of Faculty of Medicine, Cairo University.
They were handled in accordance with standards that the
Cairo University Animal Use Committee had approved
with the approval number (CU III F 39 20), under typical
ambient conditions, with unrestricted access to a standard
diet and water over the study time.

Experimental design
The rats were randomly divided into

Donor group (n:10): Rats were used for obtaining
blood needed in PRP preparation & for both ADSCs &
MSCs-EX isolation, culture, phenotyping, and labeling.

Group I (Control group) (n:10): One subconjunctival
injection of PBS (equivalent to 0.2 ml) was administered
to rats' right eyes.

Group II (Alkali burn group) (n:40): Each rat's right
eye received a corneal alkali burn by NaOH (as will be
mentioned later). After establishment of corneal ulceration
by the slit lamp microscope in the Ophthalmology
department, Faculty of medicine, Cairo university, rats
were equally subdivided into:

Subgroup II-a (spontaneous recovery subgroup) (n:10):
Rats were left untreated.

Subgroup II-b (PRP treated subgroup) (n:10): Two
hours after the alkali burn, each rat's right eye received a
single subconjunctival dose of 0.5 ml of PRP!6..

Subgroup II-c (ADSCs treated subgroup) (n:10): One
hour after the alkali burn, each rat's right eye received a
single subconjunctival injection of 1.3 x10° cultured and
green fluorescent protein (GFP)-labeled ADSCs suspended
in 0.2 ml PBSH.

Subgroup 1I-d (MSCs-EX treated subgroup) (n:10):
One hour after the alkali burn, each rat's right eye was
injected sub-conjunctively with a single dose of 100 ug
protein/mL GFP-labelled MSCs-EX diluted with 0.2 ml
PBSI7,

In subgroups II-c & 11-d, three days following injection,
5 rats were sacrificed to ensure homing of both ADSCs &
MSCs-EX respectively!'®. While the remaining rats of both
groups I & II were sacrificed 3 weeks after the beginning
of the experiment.

Induction of Corneal alkali burn by NaOH

Half mg/kg of ketamine was administered
intramuscularly to anaesthetize the rats. After that, round
filter papers rinsed by NaOH (1N) were used to cover the
rats’ corneal surfaces of right eyes for 45 seconds. After
that, 0.9 percent physiological saline was used to clean the
wound's surface. The entire cornea was covered in filter
paper (7 mm in diameter). Immediately after the corneal
alkali injury, rats were submitted to ophthalmologic
examination by bio-microscopy in a slit lamp to confirm
corneal ulceration. To enable the rats to move and eat
without restriction, the other eye was left unburned™!. All
rats subjected to corneal ulcer received levofloxacin eye
drops and topical antibiotic twice daily over the experiment
duration!'.

Steps of PRP preparation*”

In the Biochemistry Department of faculty of medicine,
Cairo University, PRP extract was freshly prepared. Ten
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age-matched healthy male albino rats were used to prepare
the PRP. Four ml of blood was obtained from each rat tail
vein, which was then transferred into test tubes containing
3.2 percent sodium citrate (Merck, Darmstadt, Germany) at
a 9/1 blood to citrate ratio. A centrifuge (5810 R, Eppendorf
AG, Hamburg, Germany) was used to centrifuge the blood
for 10 minutes at 400 g, after which the supernatant was
transferred to another tube & centrifuged once again for 10
minutes at 800g. Platelet-poor plasma (PPP) made up the
top two-thirds, which were eliminated. The final layer, or
1/3 of it, was regarded as PRP. PRP was allotted and stored
at -20 CO for future use.

Isolation, and characterization of

ADSCs!21

propagation,

ADSCs were prepared in the Biochemistry Department
of faculty of medicine, Cairo University. Subcutaneous
white adipose tissue was taken out of a rat's inguinal fat
pad under extremely sterile circumstances. After being
removed, the adipose tissue was kept into a sterile tube with
15 ml phosphate buffered solution (PBS; Gibco/Invitrogen,
Grand Island, New York, USA). Hank's Balanced
Salt Solution was subjected to an enzyme digestion
procedure employing 0.075 percent collagenase II (Serva
Electrophoresis GmbH, Mannheim) for one hour at 37°C
with moderate shaking. Erythrocytes were eliminated from
digested tissue by treating it with erythrocyte lysis buffer
afterithad been filtered and centrifuged. Dulbecco Modified
Eagle Medium (DMEM; Gibco/BRL, Grand Island, New
York, USA, Cat. No. 10565018) supplemented with 10%
fetal bovine serum was used to transfer cells to tissue
culture flasks. Non-adherent cells were then eliminated
using a PBS wash following a 24-hour attachment period.
Attached cells were grown in vitro after being cultivated in
DMEM media supplemented with 10% fetal bovine serum
(FBS), 1.25 mg/L amphotericin B, and1% penicillin-
streptomycin (Gibco/BRL, Cat. No. 15240062). Cultures
were trypsinized with 0.25 percent trypsin in 1 mM EDTA
(Gibco/BRL, Cat. No. 25200056) for 5 minutes at 37°C.
after being rinsed twice with PBS at 80-90% confluence.
Cells were centrifuged, resuspended in media containing
serum, and then incubated in a culture flask (50 cm2)
(Falcon, Product No. C000025). First-passage cultures
were created as a result, and they were in vitro expanded
until passage four. By Flow cytometry, CD29, one of the
rat ADSC surface markers (ab93758, Abcam, Cambridge,
United Kingdom), was used to characterize ADSCs.

Isolation and characterization of MSCs-EX[?*!

Fourth generation ADSCs were cultivated for 48 h in
DMEM/F12 supplemented with 10% exosome depleted
FBS, and the supernatants were collected carefully. For
exosome isolation, first centrifugations were done at 4°C
for the following durations: 500 g for 10 min, 2000 g for 10
min, and 12,000 g for 30 min. Each time, the supernatant
was kept. After the pellet was resuspended in PBS to
remove any leftover soluble components, the supernatant
was centrifuged at 120,000 g for 70 min at 4°C. This was

followed by another ultra-centrifugation at 120,000 g for
70 min at 4°C. The last pellet was reconstituted in 200 cc
of PBS and stored at -80°C until their appropriate injection
time. Transmission electron microscopy (TEM) was used
to examine the morphology of the isolated exosomes, and
nanoparticle tracking analysis was used to evaluate the
distribution of size (NTA; Zeta View system). Further
characterization of exosomal markers CD81, CD63, and
CD9 (ab275018, Abcam, Cambridge, United Kingdom)
was done by Flow cytometry.

Labeling of ADSCs & MSCs-EX with GFP!>*!

During the 4th passage, ADSCs and the isolated
exosomes were harvested and labeled with GFP to detect
their homing in the corneal tissue using a fluorescent
microscope on unstained corneal sections.

Histological study

Rats were sacrificed under lethal dose of general
anesthesia by phenobarbitone (80 mg /kg) intraperitoneal
injection®¥. The corneas of the right eyes from each group
were fixed in 10% formol saline & embedded in paraffin.
Sections of 7 m thick were cut and stained by the following
stains:

a. Hematoxylin and Eosin (H & E) stain!*! to examine
the histological structure of the cornea in different
groups.

b. Masson's trichrome stain®®® for demonstration of
collagen fibers.

c. Periodic acid schiff reaction (PAS)® to examine
Bowman's membrane and Descemet's membrane
changes.

d. Immunohistochemical staining with avidin—biotin
peroxidase complex technique®” for:

1. Vascular endothelial  growth  factor
(VEGF); a neovascularization marker. It is
a ready to use mouse monoclonal human
reactive VEGF Ab (Product Code: NCL-L-
VEGFR-3, Leica Bio systems, Newcastle
Ltd Balliol Business Park Benton Lane UK).
VEGF positive cells showed membranous/
cytoplasmic brown reaction.

2. Anti P53 antibody; a marker for cell
apoptosis to detect p53 protein that regulates
cell cycle and death®. It is a ready to use
rabbit polyclonal antibody (ab16665, Abcam
plc, Cambridge, UK). P53 positive cells
showed brown membranous/cytoplasmic
deposits.

Application of the primary antibodies was followed by
incubation in a humid chamber at room temperature for 60
min. A human placenta, breast and colon were used as +ve
control specimens for VEGF, PCNA and P53 respectively
according to the data provided by the antibodies
manufacturer. One of the corneal sections was used as —ve
control by omitting the step of the primary antibody.
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Morphometric Study

Data were collected and analyzed using a computer
system called "Leica Qwin 500C" for image analysis
(Leica Imaging System Ltd, Cambridge, UK) at Medical
Histology and Cell Biology department, Faculty of
medicine, Cairo university. The following parameters were
measured in ten non-overlapping randomly chosen fields
(x100 magnification measuring frame 116964.91 um?) for
each animal:

a. Mean central corneal thickness in H & E-stained
sections.

b. Mean area % of collagen in Masson's trichrome
stained sections.

c. Mean gray of PAS reaction (Optical density of
PAS staining).

d. Mean number of immunopositive cells for VEGF
and P53.

Statistical Analysis®!

Data were collated and statistically evaluated to
determine differences between the research groups in
terms of the various parameters. Correlations between
the important researched parameters were examined.
The arithmetic mean, standard deviation, and analysis of
variance were all part of the statistical study (ANOVA).
The computer instantly supplied the probability (p) value
determined from statistical tables using the Statistical
Package for Social Sciences (SPSS) software version 21.
When (p) was less than 0.05, the results were regarded as
statistically significant.

RESULTS

No mortality was reported all through the experiment
period.

Immunofluorescent Results

ADSCs and MSCs-EX displayed intense green
fluorescence, demonstrating that they had been seeded into
corneal tissue. In the corneal stroma, several immunostained
ADSCs and MSCs-EX were found, and some cells were
found in the limbus (Figures 1a,b respectively).

Histological results
Hematoxylin and Eosin-Stained Sections

Corneal sections of the control group (Group I) showed
normal histological landmarks of the five different layers
of cornea; non-keratinized stratified squamous epithelium,
Bowman’s membrane, substantia propria with regularly
arranged collagen bundles and flattened pale nuclei
of keratocytes scattered in-between, homogenous non
cellular Descemet’s membrane and finally a single layer of
flattened endothelial cells with flattened nuclei (Figure 2a).

Corneal sections from untreated alkali burn
(spontaneous recovery) subgroup (Subgroup II-a) showed
corneal epithelial changes ranging from desquamation in

some parts to marked separation in others with flat basal
cells. Desquamation and degeneration of superficial cells,
in addition to multiple epithelial cells with vacuolated
cytoplasm and dark nuclei were observed Some parts of
the substantia propria exhibited separated and disturbed
collagen bundles with multiple degenerated keratocytes,
neovascularization & inflammatory cellular infiltration
in- between. Disruption and separation of Descemet’s
membrane with endothelial cells lost in some fields were
also seen (Figure 2b).

Sections from PRP treated subgroup (Subgroup II-
b) revealed a disturbed corneal structure. Some corneal
epithelial cells were enlarged with condensed nuclei
surrounded by cytoplasmic vacuoles. The stroma showed
some irregularly arranged widely spaced collagen fibers. In
addition, disrupted Descemet’s membrane and endothelium
was observed in some fields (Figure 2c).

Sections from ADSCs treated subgroup (Subgroup II-
c) revealed continuous regenerated surface epithelium with
some enlarged vacuolated cells and intact thin Bowman's
membrane. The substantia propria exhibited regular
collagen bundles apart from some separated bundles with
apparently normal keratocytes in between. Apparently
normal Descemet's membrane with a layer of flattened
continuous endothelial cells were also noticed (Figure 2d).

Sections from MSCs-EX treated subgroup (Subgroup
II-d) showed almost complete restoration of the surface
epithelium with thin intact Bowman's membrane. The
substantia propria included neatly ordered collagen fibers,
limited gaps, and normal keratocytes. Descemet membrane
and endothelial cells appeared to be normal (Figure 2¢).

Masson’s Trichrome-Stained Sections

Group I revealed regular collagen bundles in the
corneal stroma with continuous Bowman's & Descemet's
membranes (Figure 3a). While sections from subgroup II-a
showed separated epithelial tissue with disrupted Bowman's
and Descemet's membranes, in addition to irregular
separation of collagen bundles with loss of collagen from
some parts of substantia propria (Figure 3b). Sections from
subgroup II-b exhibited separated collagen fibers with
newly formed blood vessels in between (Figure 3c). On
the other hand, sections of subgroup II-c revealed stroma
with more or less regular collagen bundles with minimal
separation and continuous Bowman's & Descemet’s
membranes (Figure 3d). Finally, sections of subgroup II-d
showed apparently normal stroma with regularly arranged
collagen bundles, continuous Bowman's & Descemet’s
membranes (Figure 3e).

PAS-Stained Sections

Group [ revealed an intense positive reaction
in Bowman’s membrane with magenta red color
(Figures 4a,b), while both subgroups II-a & II-b displayed a
weakly positive reaction in Bowman’s membrane (Figures
4c,d respectively). Subgroup II-c showed a moderately
positive reaction in Bowman’s membrane (Figure 4e).
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Finally, subgroup II-d depicted again strong reaction in
Bowman’s membrane (Figure 4f).

Immunohistochemical Results
Immunostaining for VEGF

There was mild positive cytoplasmic immunoreactivity
within endothelial cells of the corneal sections of Group 1
(Figure Sa), Strong positive cytoplasmic immunoreaction
within the endothelial lining of the blood vessels,
keratocytes & corneal endothelial cells were detected in
corneal sections of both subgroups I1-a & II-b (Figures Sb,c
respectively). However, cytoplasmic immunoreactivity of
the vascular endothelial cells in the newly formed blood
vessels was reduced in corneal sections of subgroup II-c
(Figure 5d). There was mild positive immunoreactivity
within endothelial cells of the corneal sections of subgroup
II-d (Figure Se).

Immunostaining for P53

Few positive immunoreactive nuclei within the
epithelial cells were seen in corneal sections of group
I (Figure 6a), while multiple positive immunoreactive
nuclei within epithelial cells and keratocytes were seen
in sections from both subgroups II-a & II-b (Figures 6b,c
respectively). Reduced immunoreactivity was detected
in the nuclei of epithelial cells & keratocytes in corneal
sections of subgroup II-c (Figure 6d). Finally, few positive
immunoreactive nuclei were detected within epithelial
cells in corneal sections of subgroup II-d (Figure 6e).

Morphometric results (Table 1 and Histograms 1-5)

In H&E stained sections, the mean corneal thickness

values (in micrometers) showed a statistically significant
increase in subgroup Il-a compared to control and all
treated subgroups. A significant increase was recorded in
subgroup II-b compared to both subgroup II-c & subgroup
II-d, in addition, a significant increase was detected in
subgroup II-c compared to subgroup II-d. However, No
statistically significant difference was detected between
subgroup II-d and the control group.

The mean area % of collagen values revealed a
significant increase in both subgroups II-a & II-b compared
to group I, subgroup II-c & subgroup II-d. In addition,
subgroup IlI-c showed a significant increase compared
to group I & subgroup II-d. No statistically significant
difference was detected between subgroups II-a & II-b and
also between subgroup II-d and group I.

The mean gray of PAS reaction values indicated a
significant decrease in both subgroups I1-a & II-b compared
to group I, subgroup II-c & subgroup II-d, in addition to a
significant decrease in subgroup II-d compared to group I.

The mean number of VEGF immuno-positive cells
indicated a significant increase in both subgroups II-a &
II-b compared to control and other subgroups. Also, a non-
significant increase was detected in both subgroups II-c &
II-d when compared to group I

The mean number of P53 immuno-positive cells
showed a significant increase in both subgroups II-a & II-b
compared to control and other subgroups, in addition to a
significant increase in subgroup II-c compared to group I.

Fig. 1: Photomicrographs of corneal sections labeled with GFP immunofluorescence X200. (a) Subgroup II-c displays green positive immunofluorescent stem
cells housed in the cornea (blue arrows). (b) Subgroup I1-d reveals green positive immunofluorescent MSCs-EX housed in the cornea (blue arrows).

403



PRP, ADSCS & MSCS-EX IN CORNEAL ALKALI BURN

Fig. 2: Photomicrographs of sections from the central part of the cornea stained with H&E X 400. (a) Group I demonstrates normal structure of the cornea in
the form of; corneal epithelium (E), a homogenous non cellular Bowman’s membrane (black arrow), substantia propria (S) with regularly arranged collagen
bundles and pale flattened nuclei of keratocytes scattered in-between (green arrows), a homogenous non cellular Descemet’s membrane (yellow arrow) and a
single layer of flattened endothelial cells with flattened nuclei (red arrow). (b) Subgroup II-a exhibits marked separation of corneal epithelium with flat basal
cells (blue arrows). Some enlarged corneal epithelial cells with condensed nuclei that are surrounded by cytoplasmic vacuoles (black arrows) are observed.
prominent widening & separation of the substantia propria (astrix) with multiple keratocytes exhibiting dark condensed nuclei (green arrow), neovascularization
(B) and inflammatory cellular invasion (curved arrow) are also seen. The Descemet’s membrane is disrupted and endothelial cells are lost in some parts (red
arrow). (¢) Subgroup II-b shows separation of the collagen bundles (astrix). Some enlarged corneal epithelial cells with condensed nuclei that are surrounded
by cytoplasmic vacuoles (black arrow). Descemet’s membrane & endothelial disruption is also noticed (red arrow). (d) Subgroup II-c shows continuous surface
epithelium (E) with straight Bowman's membrane (black arrow). Collagen fibers of the stroma appeared regular although some are separated (astrix). Some
enlarged corneal epithelial cells with dark condensed nuclei surrounded by cytoplasmic vacuoles (blue arrow). Descemet’s membrane & its endothelium are
almost normal (red arrow). (¢) Subgroup II-d shows nearly complete restoration of surface epithelium (E) with thin intact Bowman's membrane (black arrow).
Collagen fibers are regularly arranged (S) with some spaces in between (astrix). intact Descemet’s membrane & endothelium are observed (red arrow).
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Fig. 3: Photomicrographs of sections from the central part of the cornea stained with Masson’s trichrome X 200. (a) Group I shows continuous regular
Bowman's membrane (black arrow) & Descemet’s membrane (red arrow). Regularly arranged collagen fibers appear in the substantia propria (S). (b)
Subgroup II-a exhibits complete epithelial tissue separation (blue arrow) from collagen fibers. Irregularly separated collagen bundles (asterix) with loss of both
Descemet’s membrane and its endothelium are noticed. (¢) Subgroup II-b demonstrates separated collagen fibers (asterix) with newly formed blood vessels
(B). (d) Subgroup II-c displays stroma with more or less regular collagen bundles although minimal separation of collagen fibers is still present (asterix). A
continuous Descemet’s membrane (red arrow) is shown. (e) Subgroup II-d reveals substantia propria with regular collagen bundles (S), Regular Bowman's
(black arrow) & Descemet’s membranes (red arrow) are also seen.
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Fig. 4: Photomicrographs of sections from the central part of the cornea stained with PAS (a,c,d,e&f X200; b X400). (a) Group I shows intense positive PAS
reaction in Bowman’s membrane (black arrow) with a characteristic magenta red coloration. (b) Higher magnification of Group I. (¢) Subgroup II-a shows
weakly positive reaction in Bowman’s membrane (black arrow) with marked separation of corneal epithelium (blue arrow) & positive reaction in the basement
membrane of the newly formed blood vessels (yellow arrow). (d) Subgroup II-b shows weakly positive reaction in Bowman’s membrane (black arrow). (e)
Subgroup II-c shows moderately positive reaction in Bowman’s membrane (black arrow). (f) Subgroup II-d shows intense positive reaction in Bowman’s
membrane (black arrow).

406



Nasr et. al.,

Fig. 5: Photomicrographs of sections from the central part of the cornea stained with VEGF immunostaining X200. (a) Group I shows mild cytoplasmic
immunoreactivity within corneal endothelial cells (blue arrows). (b) & (c¢) Both subgroups II-a & II-b show strong positive immunoreactivity within the
endothelial lining of the blood vessels (green arrows), keratocytes (black arrows) & corneal endothelial cells (blue arrows). (d) Subgroup II-c shows mild to
moderate positive immunoreactivity within endothelial lining of blood vessels (green arrows), keratocytes (black arrows) & corneal endothelial cells (blue
arrows). (e) Subgroup II-d shows mild immunoreactivity within the corneal endothelial cells (blue arrows).
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Fig. 6: Photomicrographs of sections from the central part of the cornea stained with P53 immunostaining X400. (a) Group I exhibits few positive nuclei within
the superficial layer of corneal epithelial cells (blue arrow). (b) & (c) Subgroups II-a & II-b display multiple positive nuclei within the epithelial cells (blue
arrows) and keratocytes (black arrows). (d) Subgroup II-c demonstrates reduced number of positive nuclei within epithelial cells (blue arrow) and keratocytes
(black arrow). (¢) Subgroup II-d shows few positive nuclei within corneal epithelial cells (blue arrow).

Table 1: Mean values + SD of morphometric parameters in the corneal sections of the studied groups

Group/Suberou Mean corneal thickness Mean area% Mean gray of PAS Mean number of Mean number of
p/Subgroup (um) of collagen +ve reaction VEGEF +ve cells P53 +ve cells
Group I 119.04 +3.97 186.62 + 3.80 20.88 +2.61 1.20 +0.42 3.60 +1.84
Subgroup II-a 214.07 +3.23" 283.93 £4.09™" 12.03 £3.05™" 14.00 +2.58™" 15.00 +2.58""
Subgroup I1-b 153.49 +3.63"" 228.51 £4.91™ 12.88 £2.61° 12.00 +2.58"" 13.00 +2.58""
Subgroup II-c 126.39 +3.24%" 197.37 £2.98"%" 16.68 +2.29"%0 2.30 + 1.49% 6.60 + 1.84™"
Subgroup II-d 121.52 +£2.70"° 183.59 = 3.80%° 18.66 + 2.24% 1.80 + 0.42% 2.60 + 1.840

Significance at P < 0.05

(*) Significant with control.

(#) Significant with Subgroup II-a.
($) Significant with Subgroup II-b.
(0) Significant with Subgroup II-c.
(") Significant with Subgroup II-d.
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Histogram 1: Mean corneal thickness in the corneal sections of the
studied groups: (*) Significant with control. (#) Significant with Subgroup
1I-a. (8) Significant with Subgroup II-b. (0) Significant with Subgroup II-

c. (") Significant with Subgroup II-d.
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Histogram 2: Mean area percent of collagen fiber content in the corneal
sections of the studied groups: (*) Significant with control. (#) Significant
with Subgroup II-a. ($) Significant with Subgroup II-b. (0) Significant
with Subgroup II-c. (*) Significant with Subgroup II-d.
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Histogram 3: Mean gray of PAS reaction in the corneal sections of the
studied groups: (*) Significant with control. (#) Significant with Subgroup
II-a. ($) Significant with Subgroup II-b. (0) Significant with Subgroup II-
c. (") Significant with Subgroup II-d.
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Histogram 4: Mean number of VEGF immuno-positive cells in the
corneal sections of the studied groups: (*) Significant with control. (#)
Significant with Subgroup II-a. ($) Significant with Subgroup II-b. (0)
Significant with Subgroup II-c. (*) Significant with Subgroup II-d.
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Histogram 5: Mean number of P53 immuno-positive cells in the corneal
sections of the studied groups: (*) Significant with control. (#) Significant
with Subgroup II-a. ($) Significant with Subgroup II-b. (0) Significant
with Subgroup II-c. (*) Significant with Subgroup II-d.

DISCUSSION

Alkali burns are the most popular technique for studying
corneal ulceration in lab animals®”. The goal of the current
study was to assess and contrast the therapeutic effects of
PRP, ADSCs, and MSCs-EX on rats with experimentally
induced corneal alkali burn.

Corneal sections of subgroup II-a were examined to
assess the progress of the healing process after induction
of corneal alkali burn without receiving any treatment.
They revealed marked epithelial changes ranging from
desquamation to complete separation. Most basal &
intermediate cells had karyolitic or pyknotic nuclei and
vacuolated cytoplasm, which may indicate basal and
supra-basal epithelial cells hydropic degeneration. This
was in agreement with Chen et al., (2017)531 who reported
a dramatic rise in cell water content in epithelial cells
surrounding the sloughed area which expanded the cell’s
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volume to cover a broad area during wound healing. In
addition, basal cells lost their columnar appearance. The
structural changes in the resting basement membrane may
result in loss of their normal configuration. According
to Abdelwahab et al., (2017)P2, basal cell and basement
membrane hemi-desmosomal attachments disappear
within a very short time over an area extending 50-70 um
from the corneal wound edge.

Inflammatory cellular infiltration, which affected
normal corneal architecture, was also detected. El-Fattah
El-Shazly & Ahmed (2016)5 clarified that neutrophils
and macrophages invade the cornea after chemical damage.
Inflammatory mediators released by macrophages induce
corneal neovascularization (CNV), which is frequently
associated with serious complications such as corneal
edema, as confirmed by morphometric analysis which
revealed a significant increase in corneal thickness when
compared to the control group, in addition to inflammatory
cellular infiltration, increased interstitial pressure with
corneal scarring, eventually affect corneal transparency
and cause blindness.

Corneal stroma also showed degenerated keratocytes
between disrupted & widely spaced collagen fibers. Soliman
et al., (2015)* mentioned that alkali burn stimulates the
production of several angiogenic molecules as vascular
endothelial growth factor (VEGF) and fibroblast growth
factor, thereby enhancing corneal angiogenesis and stomal
fibrosis which is supported by a statistically significant
increase in collagen fibers area % and VEGF immuno-
expression when compared to the control group. Other
investigators as Faruk et al., (2017)P & Lagali (2020)¢
added that apoptosis and disappearance of the keratocytes
concerned with collagen synthesis are the explanations for
the disorganization and disruption of collagen fibers.

A significantly attenuated optical density of basement
membrane of PAS-stained sections of the same subgroup
was also noticed. This thinning could be due to collagen
degradation as a consequence of the burn, in addition,
Bowman's layer lacks keratocytes, causing its collagen
turnover rates to be slow. It is possible that damage to the
Bowman's layer caused all of the abnormal changes in the
cornea and delayed the healing process of the epithelial
defect. In agreement, Torricelli et al., (2013)57 stated that
Bowman's membrane acts as a barrier to inflammatory
cytokine penetration from epithelium to the stroma (such
as TGF-1) and possibly from the stroma to the epithelium
(such as keratinocyte growth factor), so it is essential for
homeostasis & wound healing of the cornea.

Hakami et al., (2020)P® investigated how alkali burn
caused apoptosis when applied to the cornea, which is in
line with the current results which revealed a significant
increase in P53 immunopositive cells in sections of
subgroup II-a when compared to the control. According to
their findings, alkali burn increased the alterations to the
mitochondrial membrane and the release of cytochrome
C, a mediator of apoptosis, leading to mitochondrial
dysfunction.

Descemet's membrane was disrupted, resulting in loss
of some endothelial cells. This finding coincided with
Price et al., (2021)B who reported that either penetrating
wounds or excessive corneal distortion (alkali burn) may
harm the endothelium. Damage of the endothelial layer
interferes with the mechanism that removes fluid from the
stroma, which causes swelling and a loss of transparency
in the wound area.

In the current work, rats of the PRP treated subgroup
(Subgroup II-b) showed mild improvements as regard
corneal histological structure, which was supported
by morphometric analysis that showed a statistically
significant decrease in corneal thickness when compared
to subgroup Il-a, with a statistically non-significant
improvement in other parameters.

These findings contradict those of previous researchers
such as Ibrahim and Elswaidy (2019)!”! who suggested
the effectiveness of early PRP intervention in alleviating
corneal damage. That might be accounted for by the potent
anti-inflammatory properties of PRP, which could quickly
counteract the NaOH inflammatory effects. According
to other researchers', PRP contains growth factors,
such as transforming growth factor (TGF-1), epithelial
growth factors, platelet-derived growth factors, fibroblast
growth factors, insulin-like growth factor I, and vascular
endothelial growth factors, as well as chemokines,
cytokines, and newly produced active metabolites, were
stored in the platelets' alpha-granules. These products are
included in corneal stem cells migration, proliferation, and
differentiation, which aids in the healing and maintenance
of the ocular surfacet’,

It is reasonable that there must be strong factors
suggested to be incriminated in this discrepancy between
the results of the present work and the previous work’s
results, as for example, PRP preparation protocol and
composition could have some effect. In terms of growth
factor quantity and release kinetics, the technique used to
prepare and activate PRP affects both its physical form
and content!!). Also, concentration of platelets in the
PRP preparate, repetitions of PRP doses all through the
treatment period rather than single shot, duration of NaOH
application to the cornea and the time between the ulcer
induction and sacrifaction. In addition, the design of the
study may have a role in this discrepancy. Finally, previous
works tested the effect of PRP alone in treating alkali burn,
so they explain its effect as a good improvement, while the
current study was intended to compare PRP's effect with
that of ADSCs and MSCs-Ex, which had earned the last
place in this comparison.

Treatment with ADSCs revealed moderate histological
improvement of corneal ulcers in rats of subgroup II-
¢, confirmed by morphometric analysis in the form of a
significant down-regulation of the corneal thickness, area
percent of collagen fibers, both VEGF & P53 immune-
expression with a significant increase in optical density of
the PAS reaction when compared to subgroup II-a.
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For many reasons, the potential therapeutic benefits of
ADSCs have been valued in regenerative therapies. They
are highly capable of developing along the mesodermal,
ectodermal, and endodermal lineages into mature cells. They
are less invasive, easier to harvest, and more productive
to grow!”. Because it is a simple and straightforward
procedure for ophthalmologists, ADSCs subconjunctival
injection is one of the popular clinical treatment routest*.
Our study found that alkali burn corneas treated with
ADSCs showed homing of GFP labelled MSCs to the
injury site, this finding corroborates the previous reports
as Almaliotis et al., (2015) on MSCs permeation after
sub-conjunctival administration.

This work’s findings are consistent with those of Harkin
et al. (2015)1, who stated that MSCs improved epithelial
healing and repaired corneal damage through a variety of
processes, including the secretion of cytokines and growth
factors that regulated cell signaling and proliferation after
corneal alkali burn. Another study confirmed that epithelial
defects in damaged corneas treated with MSCs showed
considerable improvement and closure, resulting in well-
organized layers of epithelium with few intercellular gaps.
MSCs enable remnant corneal epithelial cells to recapture
the stem cell niche in the cornea or to develop into corneal
stromal cells (keratocytes). Chemo-cytokines released
as a result of stress, such as burn, cause stem cells to
migrate and localize in specific tissues. Furthermore, these
substances promote the mobilization of endogenous MSCs
into peripheral blood®3.

Furthermore, keratan-sulfate proteoglycans released
by regenerated keratocytes aid in the preservation of the
organized stromal structure. Keratocytes are necessary for
corneal transparency because they produce and maintain
normal collagen interfibrillar spacing and fibril width!*,

El-Din et al., (2021)¥ hypothesized that MSCs therapy
improved wound healing and corneal surface regeneration
through its anti-inflammatory properties, in the form of
suppression of CD45, IL-2, and MMP2 expression. On
the other hand, the adaptive CD4+ T cell invasion was
blocked, as well as the expression of MMP2 and cytokines
associated with CD4+ T cells, which may have been
suppressed by the release of soluble agents.

Treatment with MSCs-EX showed improvement in all
parameters. There were well organized and continuous
stratified squamous epithelium, almost normal keratocytes
between reconstructed corneal stromal arrangement
with reduced neovascularization and no inflammatory
cell’s invasion. A continuous Descemet's membrane with
endothelial cells, in addition to reduced number of apoptotic
nuclei were also detected. These dramatic improvements
were confirmed by morphometric analysis which showed
almost no statistical differences in all parameters measured
when compared to the control group.

Previous investigators as Han et al., 201704
demonstrated that histological and ultrastructural changes
of corneal epithelial cells and keratocytes may be influenced

by exosomes, which would then allow the cells to change
their activities. Many authors as Yao & Bai, (2013)47 &
Vizoso et al., (2017)% accepted that they may have a
significant impact on the regulation of many physiological
processes by promoting the anti-inflammatory cytokines
release, reducing angiogenesis through reduction of
VEGF, immune activation, cell plasticity, and regenerative
abilities.

To maintain corneal avascularity, the ratio of angiogenic
to anti-angiogenic factors in the corneal epithelium must
be tightly regulated. Exosomes carried proteins important
for CNV and wound healing, such as thrombospondin-2,
which is often expressed on avascular tissues like the
cornea and is involved in numerous cellular processes!*¢l,

Some investigators as Shen et al., (2016)F"
recommended that exosomes are used in large quantities
in MSCs-EX based therapies, which may be important to
their mechanisms of action and make them superior to stem
cells in by inhibiting the release of endogenous cytokines
and other pathogenic substances that are generated as
a result of different types of induced injuries. Exosome
administration is safer than stem cell administration, and
MSCs-EXs nano-dimensional size can make it simple for
them to pass through biological barriers and enter the target
organs, giving them many advantages over stem cells.
Exosomes can also be preserved without losing their ability
to function. Therefore, exosomes are more advantageous
than stem cells for use in treating diseases B!112],

CONCLUSION

In conclusion, this study provides experimental
evidence ensuring the better therapeutic effect of treatment
with (MSCs-EXs) than (ADSCs & PRP) in a rat model of
experimentally induced corneal alkali burn.
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